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PREFACE

For nearly a year, our lives have changed like never before. After attacking Iran and Italy, the
center  of  the  pandemic  that  started  in  China  moved  to  Europe  and  the  Americas.  This
pandemic,  which  healthcare  professionals  and  other  organizations  all  over  the  world  have
tried to overcome, will be on our agenda in the coming months and maybe years.

In order to overcome the pandemic with minimal losses, the scientific community, healthcare
facilities,  professional  organizations,  chambers,  and  state  institutions  should  work  in
coordination and unison. The healthcare system of some countries has passed the exam since
the beginning of the epidemic and has tried to do its best to mitigate the catastrophe in a very
efficient organization with all medical branches, nurses, and adjunctive health services.

Herein, we have written a book to provide scientific support to these efforts as a whole, to
help the public, our patients, and their relatives, and to shed light on future strategies in this
manner. In this book, we tried to explain many basic points from case examples to the main
principles we follow in diagnosis and treatment, real scenarios in the course of the disease,
issues  that  need  attention  in  specific  groups,  i.e.,  those  with  comorbidities,  the  elderly,
newborns,  children,  and  pregnant  women.  The  spread  of  the  disease  in  the  world  and  its
future predictions also found a place. We also welcome your criticism.

We should all realize that COVID-19 is not the last pandemic. It is obvious that there will be
new generations and our long years to spend with masks, sanitizers, and hand disinfectants. It
is important in the long run to encourage selective admissions to health institutions and not let
the hospitals be overwhelmed by the disastrous situation.

The education of pre-school and school children and women plays a key role in increasing
family awareness. Concretizing the virus infection, which is an abstract danger, at a level that
will  change  the  lives  of  people  will  require  serious  pedagogical  effort  and  organizational
skills. Non-governmental organizations should try to plan in the long term in cooperation with
the government and professional chambers.

i



ii

Our wish is that this book will help both our patients and their relatives, as well as healthcare
professionals, who sustain health with their efforts day and night.

Wishing a healthy society and a healthy global future.
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CHAPTER 1

Contagion of  the  Pandemics:  The  Situation in  the
World

Abstract:  There  are  nearly  30  million  confirmed  cases  of  COVID-19  in  almost  all
countries and regions worldwide, and more than 900,000 deaths as of September 2020.
Almost all of the cases are over 30 years old, and deaths are mostly over 50 years old.
The rate of fatality varies greatly by population and geography. Males are represented
slightly  more  than  females  in  confirmed  patients  in  many  series,  but  male
predominance  is  more  remarkable  in  deaths.  While  there  is  an  increasing  trend  in
deaths since the beginning of March, there is a plateau and a slight downslope after
mid-April.

Provided with the progress of the disease in the world, it  is seen that the number of
cases continues to rise and break records, but deaths do not increase in the same way.
Although many countries have a drive for a premature ‘normalization’, an immature
decision of normalization has caused a surge of newly diagnosed cases and deaths in
many countries.

Keywords:  ACE2  receptors,  COVID-19,  Epidemic,  Growth  factor,
Normalization,  Outbreak,  Pandemic,  SARS-CoV-2.

The final scene in 2011 thriller “Contagion” depicts the imaginary “MEV-1” virus
sourced from a pig that ingested a banana dropped by an infected bat. The animal
was  fleeing  from  its  palm  tree  destroyed  in  the  China  jungle.  The  pig  is  then
cooked  by  a  chef  who  shakes  unwashed  hands  with  Gwyneth  Paltrow,  thus
transmitting the virus to her. From now on, she is the “index case,” to spread the
disease to other people (Fig. 1).

Ozgur KARCIOGLU, Selman YENIOCAK and Mandana HOSSEINZADEH
All rights reserved-© 2021 Bentham Science Publishers
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Fig. (1).  2011 movie “Contagion” appears to foresee the pandemics in 2020.

The  most  common  disease  of  humanity  in  the  world  is  upper  respiratory  tract
infections  (URTI).  Among  them,  the  majority  are  precipitated  by  viruses.
Coronavirus  family  (CoV)  is  one  of  the  viruses  that  have  caused  viral  URTI
complaints and symptoms for decades. 'Coronavirus disease' (COVID-19), on the
other hand, is triggered by one of the sub-strains known as the beta-CoV group
and  has  caused  damage  and  deaths  primarily  in  the  Far  East  since  December
2019, and then almost all over the world.

The  Spanish  flu  killed  three  times  more  people  than  WW1  in  1918-1920
pandemics  (Fig.  2).

Fig.  (2).   The  picture  demonstrates  a  public  building  that  was  turned  into  a  hospital  to  cope  with  the
enormous patient load in the era of The Spanish flu.
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Terminology: “Fatality” is the ratio of deaths in all patients confirmed to have the
disease,  while  “mortality” is  the rate  of  death among patients  whose files  have
been  closed  (recovered  or  died).  For  example,  “COVID-19 fatality  approached
6.5% in April 2020, whilst the mortality rate was around 18%”.

Pearl: The most important distinguishing feature of COVID-19 is its ease of
spread from person to person, along with its virulance virulence and fatality
rate. Since March 2020, COVID-19 has caused more damage and death than
SARS and MERS diseases combined (Table 1).

Table 1. Comparison of the characteristics of large-scale epidemics and pandemics in different time
periods around the world.

Year Region Disease Case Fatality Rate

1918–20 Almost all the world Influenza pandemics,
‘Spanish flu’

0.2%-0.5%

1984 Africa-Macaque monkeys; then
almost all the world

HIV-AIDS 3.9% (person/year)
(Lau, 2012)

2002 – 2003 Civet cats or raccoon dogs; Far
East

Severe Acute
Respiratory Syndrome

(SARS)

10%

2009-10 Mexico; then almost all the world H1N1 (Swine flu) 0.1%-0.2%

Almost every year
(1999-2015 in the
study by Iuliano,

2018)

33 countries with large
populations

(57% of the world population) and
high mortality rate

Seasonal influenza 0·1 to 6·4 / 100 000
(<65 years of age)
3 to 223/ 100 000
(>65 years of age)

2012 Saudi Arabia and the Middle East Middle East Respiratory
Syndrome (MERS)

30%-35%

2019-21 China; then almost all the world COVID-19 2%-14%
(varies by country)

There  are  numerous  subtypes  of  influenza  A  virus,  and  only  a  few  strains
precipitate  disease  in  human  beings  (Table  2).

“COVID-19”  can  affect  all  mammals,  not  just  humans,  but  one-to-one
transmission  between  humans  and  other  mammals  (e.g.,  pets)  is  very  rare  or
nonexistent. According to the data of reputable organizations such as CDC and
WHO,  there  are  nearly  30  million  confirmed  cases  in  almost  all  countries  and
regions in the world, and more than 900,000 deaths have been reported globally as
of September 2020. The steady and rapid increase in the number of cases within
several months explains that COVID has turned into a pandemic that threatens the
whole world.
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Since  the  first  months  of  the  pandemic,  it  was  very  easy  for  us  to  monitor  the
whole  world,  thanks  to  several  reliable  websites  that  have  provided  data  flow.
Through  sites  such  as  Worldometer,  ourworldindata,  https://gisanddata.maps
.arcgis.com/,  many  detailed  variables  can  be  monitored  and  interpreted  on  a
global  scale  in  almost  real-time.

Table 2. The influenza A virus subtypes that cause disease in humans.

H1N1: It caused “Spanish Flu” in 1918 and “swine flu” epidemics in 2009, still inflicting sickness and
death around the world.

H2N2: 'Asian flu' in the 1950s

H3N2: “Hong Kong flu” in the 1960s

H5N1: It caused a global influenza pandemic threat in the mid-2000s. Its lethality is high, but its
contagiousness is low.

H7N9: It is a subtype of Influenza A viruses that frequently cause new epidemics in the Far East (2013,
2014, 2016).

H7N7: Causes diseases with its zoonotic potential.

H1N2: Causes endemic disease in humans and swine.

FATALITY AND MORTALITY DIFFERENCES BETWEEN COUNTRIES

Considering  the  worldwide  data,  the  fatality  rate  jumped  to  7-8%  in  the  first
months of the pandemic in COVID-19 cases. In June and July 2020, this rate has
gradually  decreased  to  4%.  However,  the  mortality  rate  varies  considerably
around the  world.  While  there  are  about  9  to  14% deaths  in  Sweden,  Italy  and
Spain, France in May-June; two countries of Europe, Belgium and England have
reached the highest fatality rate with 14 to 24%. The fatality rate not exceeding 4-
5%  in  Northern  and  Central  Europe  (Germany,  Norway,  Finland,  Switzerland,
Czechia, Austria) draws attention. On the flip side, Mexico, and South American
countries such as Brazil, Peru, Argentina, Chile, and Colombia had a boost in the
numbers (both cases and deaths) along with Russia and India between May and
August.  Interestingly,  these  developing  countries  have  almost  uniformly
announced  considerably  low  case  fatality  rates,  mostly  between  1%  and  3%,
which  has  also  sparked  suspicions  in  the  rest  of  the  world.  This  remarkable
difference is due to the differences in the organization of health services and the
developed social state.

WHICH COUNTRIES HAVE THE HIGHEST NUMBER OF CASES?

The four countries where the total number of cases are boosted in the last months
(May-September 2020) are USA,  Brazil,  India,  and Russia. While  most  of  the

https://gisanddata.maps.arcgis.com/
https://gisanddata.maps.arcgis.com/
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cases were found in China and the Far East in the first months of the epidemic;
after March 2020, the majority of the cases was shifted to Europe and then USA.

There were 3 M cases at the end of April, 6 M at the end of May, 10 M at the end
of  June  and  25.5  M at  the  end  of  August  in  the  world.  74% of  total  cases  are
closed  /  completed  cases.  4% of  this  group  of  patients  (closed  cases)  died  and
96% recovered.

The  number  of  cases,  which  rapidly  increased  to  80,000  in  the  January-March
period  in  China,  then  suddenly  braked  and  left  the  championship  to  other
countries. This ‘braking’ phenomenon also raises questions in regard to reliability
of  data registries,  as  it  is  hard for  a  country of  1.5 billion of  people to halt  the
pandemics so sharply. As of July, around 1/4 of the cases lived in the USA and
only 0.3% of them remained in China.

Distribution of cases across countries changed over time. China’s dominance was
erased  after  April  2020  and  the  figures  in  European  countries  and  Iran,  USA,
India, Brazil supervened (Graph 1).

Graph.  (1).  Case  fatality  rates  in  December  2020,  according  to  a  website  accepted  among  the  reliable
databases. After the first peak in April and May 2020, numbers of diagnosed cases soared and accordingly,
the  case  fatality  rates  decreased  steadily  in  most  regions.  (URL:
https://ourworldindata.org/grapher/coronavirus-cfr?cou ntry=ITA~KOR~OWID_WRL~TUR~BRA~Europe~
USA~GBR~RUS~Low%20income~Lower%20middle%20income ~IRN~High%20income~FRA)

https://ourworldindata.org/grapher/coronavirus-cfr?country=ITA~KOR~OWID_WRL~TUR~BRA~Europe~USA~GBR~RUS~Low income~Lower middle income~IRN~High income~FRA
https://ourworldindata.org/grapher/coronavirus-cfr?country=ITA~KOR~OWID_WRL~TUR~BRA~Europe~USA~GBR~RUS~Low income~Lower middle income~IRN~High income~FRA
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Provided  with  the  progress  in  the  world,  it  is  seen  that  the  number  of  cases
continues to rise and break records, but deaths do not increase in the same way.
This has highlighted the idea that  the virulence or  killing power of  the virus is
somewhat attenuated. As a result, normalization efforts have become evident in
Northern European countries,  including the USA, where the highest  number of
cases are found, and partially in the Far East and the Middle East (Graph 2).

Graph.  (2).  After  the  announcement  of  the  first  case,  the  shares  of  continents  and  regions  in  the  cases
changed significantly until  June.  While America's  share increased in the summer months,  Europe's  share
decreased.

Which factors affect mortality and case fatality rate (CFR)? The highest death
rates in May-July are in England, Belgium, and France, with 14 to 24%. The rate
of fatality in the USA was 5%, but in New York, it was 11%.

TO  NORMALIZE  OR  NOT  TO  NORMALIZE,  IT  IS  THE  MAIN
QUESTION!

Pearl: The most important driving force beneath ‘normalization’ is that the
return of the economy to the ‘good old days’ is preferred by both the policies
in power (i.e., government) and the majority of the people to the continuation
of strict measures.

Strict measures are mostly unwanted because of socioeconomic requirements to
make a living and raising the quality of life for the labor and middle classes, white
and  blue  collar  people,  especially  in  the  developing  countries.  The  question
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“should  we  die  of  starvation,  not  from  the  corona?”,  which  a  Turkish
transportation worker who violated the curfews in May 2020, told the cameras is
the crystallized form of this situation.

The number of tests performed and its rate in the population: If tests are1.
performed in a widespread fashion; younger, healthier, asymptomatic people
are also caught, thus the number of cases increases and CFR decreases.
Demographic characteristics: CFR is expected to decrease in countries with2.
a younger population.
Characteristics  of  the  health  system:  CFR  may  increase  if  there  is  an3.
overcapacity in hospitals. Deaths can also be high in systems that do not have
the  habit  of  responding to  such emergency situations  (e.g.,  some European
countries).
Additional  factors  such as climate characteristics,  war,  and famine,  which4.
break the country's socioeconomic resistance during the pandemic, may affect
CFR.

Iran, which is one of the countries that resembles Turkey the most socioculturally,
has encountered a rapidly increasing number of cases and deaths in recent months
after  the  rapid  normalization  efforts.  Iran  may  be  the  country  closest  to  the
“second wave” term, which is always used incorrectly (). However, it cannot be
claimed that the first wave is over in any country with many cases in the world.
New Zealand and Thailand are probably the countries which deserves to use the
term correctly for themselves.

Number of deaths recorded for each day in the world disclosed an increasing trend
in deaths since the beginning of March, there is a plateau and a slightly downslope
after  mid-April.  The  stable  fluctuating  trend  is  stabilized  in  summer,  while  an
ascent is notable in October and November.

The “growth factor” of the epidemic: When China is excluded, it is seen that the
“growth factor” of the epidemic has changed favorably, from large fluctuations in
February to small oscillations as of the end of March through July 2020.

Number of tests applied on the suspected cases or with screening purposes also
affect the number of cases detected

Situation in Turkey

Mainly from the second week of March in Istanbul Turkey PCR (+) cases were
reported. It is thought that both the road entrances from Iran, which has a wide
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border  with  the  eastern  cities  of  Turkey,  and  the  arrivals  to  Istanbul  and  Izmir
from European countries such as Italy. Increasing number of cases were observed
in  the  first  weeks  after  March  11,  when  the  first  case  was  announced.  While
fatality  rates  and  the  number  of  new  cases  is  expected  to  decrease  with
compliance with the isolation and physical distance rules, there was an upward
trend in the end of summer and autumn months.

The PCR tests were made available in the mid-March which was associated with a
rapid  rise  in  the  numbers.  After  efforts  towards  an early  ‘normalization’  in  the
summer, both daily new cases and the death toll escalated in the fall.

Age-Related Data

Most of the confirmed cases are over 50 years old, and the mean age is mostly
between  49-56  in  most  series  from  different  regions.  In  some  patient  series  in
China, the average age was reported to be 50 and the proportion of women was
higher (Qian J, 2020, Qian GQ, 2020). In a large South Korean study, the majority
of  the  cases  (62.7%)  were  female,  while  60%  of  the  deaths  were  male  (Shim,
2020). Cases over the age of 80 constitute 2.7% of the whole sample and 23.8%
of deaths.

Mean age of COVID cases is 40 in S. Korea, 54 in Iran, and 64 in Italy, due to
differences in the population structure of countries and health systems. Only 12%
of those admitted to the ICU in Italy are under the age of 50 (Table 3). (WHO, 3
May 2020). A significant increase in death rate is noted with the advancing age.

Table 3. Distribution of cases and deaths recorded by the CDC in the USA by age groups as of the end
of June 2020. While significant number of patients are detected among the young adults,  mortality
rates appear to boost with age especially after sixties (Wiersinga, 2020).

Age Number of Cases Number of Deaths Rate of Deaths per
1000 Cases

<18 116.176 50 0.4b

18-29 339.125 385 1.1

30-39 328.249 1137 3.5

40-49 325.190 2804 8.6

50-64 482.338 14.316 29.7

65-74 185.942 19.520 105.0

75-84 116.937 24.621 210.5

≥85 98382 29999 304.9
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38% of the COVID-19 cases hospitalized in the USA are between the ages of 20
and 54. On the other hand, data regarding patients being followed up in ICU is as
follows:

12% of them are 20-44 years old,●

36% is between the ages of 45-64.●

Less than 1% of hospitalized COVID-19 cases are children and adolescents aged
18 and under.

The median age of the deceased is significantly higher than the survivors

Comparison  of  those  diagnosed  and  died  in  Italy  until  April  revealed  that  the
median age of diagnosed cases is 62, while the median of those who died is 80.
(Palmieri L,et al., 2020, Istituto Superiore Sanità, 2020, Lippi, 2020).

Relationship of Age Groups and Gender

Distributions by age groups of those diagnosed and those who died in Italy until
April  were  studied.  Since  the  60's,  both  diagnosis  and  deaths  increase
significantly, while there is generally a male predominance, the weight of women
stands out in diagnosis and death after the age of 90.

Headlines for a Summary

Almost all of the cases are over 30 years old and deaths are mostly over 50 years●

old. 
The rate of fatality varies greatly by population and geography. It is around 8%●

between the ages of 70-79 and 15% between the ages of 80-89. 
87% of the patients are between the ages of 30 and 79. ●

80% of deaths are over 65 years old. ●

The percentage of males in confirmed patients is between 50-60% in different●

series (Li LQ, 2020 ), but male predominance is more remarkable in deaths. 
The  mortality  rate  among  confirmed  cases  in  males  was  4.7%  for  males  and●

2.8% for females. In S. Korea, it has been revealed that the crude death rate is
1.1% for men, 0.4% for women, and the male mortality rate increases with age.
(Shim, 2020 ). 
Being over the age of 65 is a leading risk factor for both death and development●

of ARDS (Wu, JAMA, 2020 ). 

The epidemic curves in Wuhan City also followed different curves in accord with
the onset of symptoms or by the dates of diagnoses (Fig. 3).
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Fig. (3).  Epidemic Curve of the Confirmed Cases of Coronavirus Disease 2019 (COVID-19). Daily numbers
of  confirmed  cases  are  plotted  by  date  of  onset  of  symptoms  (blue)  and  by  date  of  diagnosis  (orange).
Because, on retrospective investigation, so few cases experienced illness in December, these cases are shown
in the inset. The difference between the cases by date of symptom onset curve (blue) and the cases by date of
diagnosis curve (orange) illustrates lag time between the start of illness and diagnosis of COVID-19 by viral
nucleic acid testing. The graph's x-axis (dates from December 8, 2019, to February 11, 2020) is also used as a
timeline of major milestones in the epidemic response. The first few cases of pneumonia of unknown etiology
are shown in blue boxes on December 26 (n = 4) and 28-29 (n = 3). (Adapted from Wu, JAMA, 2020).

CONTAGIOUSNESS OF CORONAVIRUS

In various studies, the infectious power of COVID-19 or the “new case production
rate”  has  been  calculated  to  be  between  2  and 3, on average around 2.3 (Imai
et al., 2020), (Kucharski et al., 2020) (Wu JT, 2020; Leung, 2020).

IN WHAT WAYS IS CORONAVIRUS TRANSMITTED?

Since  coronaviruses  are  very  small,  they  can  spread  between  individuals  by
hanging  in  the  air  for  up  to  3  hours  through  droplets  containing  viruses  via
sneezing and coughing. This is the most important point in the transformation of
CoVID-19 into an epidemic. In addition, it can also be important that people who
touch surfaces or things touched by patients afterwards bring their hands to their
face and eyes, handshake with other people,etc. Close contact from 1.8-2 meters
(6 feet) is usually required for the virus to be transmitted from person to person.
However, in new publications, this distance can be up to 4.5 meters especially if
one sneezes or coughs. Also, fecal-oral transmission has been reported in some
cases.
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Contagiousness  is  in  question  2  to  3  days  before  the  symptom  onset.
Asymptomatic / presymptomatic people can also transmit the disease. It has been
reported that transmission from presymptomatic patients is proved up to 48% to
62% of the cases (Ganyani, 2020).

Where is The Contamination Happening?

It is known that most of the transmission occur by sneezing and/or coughing or
close contact of sick individuals in the community. On the other hand, a study on
patients  hospitalized  with  COVID-19  pneumonia  in  China  revealed  that  a
significant  41%  of  the  infections  are  in-hospital  (nosocomial)  contamination
(Wang, 2020). In this series, one out of every four cases were admitted to the ICU
and the mortality was 4.3%.

Is It Airborne?

Both yes and no. It is known that the virus, is transmitted by procedures such as
intubation and bronchoscopy, which cause overt contagion of the virus into the
air, which is called ‘aerosolization’. However, only a small number of cases have
been  shown  to  be  contaminated  with  particles  suspended  in  the  air  through
breathing.  It  is  known  that  the  virus  can  remain  viable  in  the  air  for  around  3
hours. For this reason, it should not be forgotten that even two people having a
conversation  at  close  range  for  more  than  a  few  minutes  in  closed,  poorly
ventilated  environments  may  allow  disease  transmission.

Air Conditioning + 1 Patient = 10 Patients: Who is Guilty?

Although the main mode of transmission is via droplets from the airways of the
patients  some  other  ways  are  in  question  for  spreading  COVID-19.  Here,  we
present a case scenario of spreading the disease with a suspected interference of
air conditioning in a closed space. This contamination in the restaurant caused 10
people to be inflicted with COVID-19. The key factor is the path and direction of
the airflow.

Regular  cleaning and disinfection of  air  conditioners  is  vital  since both SARS-
Cov  and  Legionella  bacteria  can  colonize  and  grow in  the  humid  environment
inside the air conditioners.

Case study: Family A travelled from Wuhan to Guangzhou on January 23, 2020
and had dinner at the restaurant on January 24. We wanted to examine the history
that resulted in the illness of 10 people from three families in the form of filing or
contact follow-up.
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‘Restaurant X’ (RX) is a class A facility located in a luxurious 5-storey building
with  air  conditioning  in  central  Guangzhou.  Each  floor  has  separate  air
conditioning without any windows. The dining hall on the 3rd floor is 145 m2 and
the distance between the tables is around 1 meter. The 53 minutes of the time that
families A and B spent there, and 73 minutes of A and C coincide. There is an air
conditioner on the table of the C family that takes the ambient air from inside to
outside and gives the cold air inside (Fig. 4).

Fig. (4).  Diagram showing the seating arrangement of the tables and people subject to the COVID-19 spread
from the air conditioner in the restaurant in Guangzhou. All the people in the red circle have the disease. The
painted in yellow is the case that we call “index-case” and allows other people to be found by contact follow-
up because it is diagnosed in the hospital (Lu, 2020).

On  January  24,  2020,  RX  had  83  customers  and  8  employees.  10  out  of  83
customers caught COVID-19. Seventy-three people were quarantined for 14 days.
PCR results from these people and the swabs taken from the air conditioners were
negative.

After all, since air conditioners turned out to be negative, the most likely route of
spread is the droplets from the airways of the infected person, even asymptomatic.
In  other  words,  although  the  A1  index  case  is  asymptomatic,  it  has  spread  the
virus with air conditioning. All three members of family B were directly infected
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through  A1.  However,  there  is  a  small  possibility  that  B2  and  B3  are  infected
through B1. Two members of the C family were directly infected with B1. Again,
a  small  possibility  may  have  been  infected  while  C1  was  caring  for  C2  after
January  27th.  The  patients’  clinical  and  laboratory  characteristics  were
summarized  in  Table  4A  and  4B.

Table 4A. Clinical characteristics of the family clusters infected with COVID-19 (Adapted from Lu,
2020).

Variable Family A Family B Family C

Relationship Patient A1
(Index case)

Patient
A2

Patient
A3

Patient
A4

Patient A5 Patient
B1

Patient
B2

Patient B3 Patient
C1

Patient
C2

Age (years) 63 60 62 34 63 44 20 53 54 82

Sex Female Female Female Female Male Female Female Male Female Female

Occupation Retiree Retiree Retiree Staff Retiree Cook Student self-em-ployed Civil
servant

Retiree

Chronic
medical
illness

Hyper-tension,
hyper-lipidemia

None None None Hypertension None None None None None

interval
between

admission
to hospital

and
symptom

onset (days)

1 0 0 0 0 3 3 1 1 9

Presenting Symptoms and Signs

Time of
onset

Jan. 24 Jan. 27 Jan. 29 Jan. 29 Feb. 2 Feb. 1 Feb. 3 Feb. 5 Jan. 31 Jan. 27

Fever + + + + + + + - + +

Cough + - - - - + + - + -

Running
nose

- - - - - - - - - +

Polypnea - - - - - - + + - -

Head pain - - - - - - - + - -

Chest pain - - - - - - - + - -

Diarrhea - - - - - - + - - -

We know that large droplets (> 5 micrometers, mm) stay in the air for a very short
time and fall to the ground. In the RX, the strong air stream may have moved the
droplets  from  all  tables  to  each  other.  Particles  below  5  mcm  can  be  easily
transported to distances more than 1 m and can be suspended in the air for hours
(Fernstrom,  2013).  Such  contaminations  have  also  been  reported  in  SARS and
MERS (Lee 2013, Kim 2016).
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Interestingly,  none  of  the  staff  or  other  customers  have  been  infected.  This
situation  is  atypical  for  aerosol  transmission.  Still,  it  suggests  that  the  droplets
follow the path of the air stream and cannot travel to distant tables.

Table 4B. Laboratory characteristics of the family clusters infected with COVID-19 (Adapted from Lu,
2020).

Variable Family A Family B Family C

Body temperature (°C) 37.80 37.80 37.30 37.70 37.80 38.40 38.60 - 39.90 37.8

leukocyte count (×109 cells per L) 4.08 4.79 4.76 5.19 6.51 3.52 6.39 6.53 5.40 4.7

Lymphocyte count (×109 cells per L) 0.93 1.05 1.77 1.28 2,74 1.13 1.36 1.96 1.49 0.7

Lymphocyte% 33.10 21.90 37.20 24.70 42.10 32.10 21.30 3.88 27.60 15.50

Neutrophil count (×109 cells per L) 1.60 3.34 2.58 2.92 2.80 2.09 4.02 30.00 3.64 3.6

Neutrophil % 56.9 69.80 54.40 56.20 43.00 59.40 62.90 59.40 67.40 74.90

In brief, this contamination in the restaurant caused 10 people to be inflicted with
COVID-19 due to air conditioning. The key factor is the path and direction of the
airflow.  Our  recommendation  is  to  scan  clients  of  restaurants  by  measuring
temperature, increase the distance between tables and improve ventilation inside.

How is The Air Conditioner Cleaned?

Regular  cleaning and disinfection of  air  conditioners  is  vital  since both SARS-
Cov  and  Legionella  bacteria  can  colonize  and  grow in  the  humid  environment
inside  the  air  conditioners.  You  can  call  the  manufacturer's  service  for  the
cleaning of your air conditioner. Or you can do this in a practical way yourself.

How Should We Clean Our Air Conditioner?

Open the cover of your air conditioner.●

Carefully  unscrew the  filter  and wash it  with  clean,  cold  water  without  using●

chemical agents.
Let the filter dry in the sun or in a suitable environment.●

While  the  filter  is  drying,  gently  sweep  the  inside  of  the  air  conditioner  by●

attaching the brush attachment to the vacuum cleaner, set at medium intensity.
Replace the dried filter properly.●

CONCLUSION

The  steady  and  rapid  increase  in  the  number  of  cases  within  several  months
explains  that  COVID-19  has  turned  into  a  pandemic  that  threatens  the  whole
world. The disease was viewed as a ‘Chinese plague’ initially in December 2019
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and January 2020, but after March 2020, the center of the pandemic has shifted to
Europe and America. It is remarkable that the number of cases continues to rise
and break records, but deaths do not increase in the same way. Therefore, many
governments pushed for a premature ‘normalization’ that is preferred by both the
policies  in  power  (i.e.,  government)  and  the  majority  of  the  people  to  the
continuation of strict measures. However, an immature decision of normalization
has caused a surge of both de novo cases and death in many parts of the world. A
rational and scientific basis of these measures and critical decisions will prevent
both new surges of the disease and also future pandemics.
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CHAPTER 2

How  Can  a  Country  Defeat  COVID-19?  Value  of
R0, Rt and Re

Abstract: Eradication of a disease is a very difficult and multi-factorial, multi-faceted
question. The prevalence of COVID-19 in the regions around the country, the intensity
of  the  population’s  relationship  with  other  countries,  age  distribution,  and  other
demographic factors affect the magnitude of the impact of the disease on a population.
In addition, the virulence of the virus, the immunity level of the population, measures
taken  for  immunization,  availability  of  necessary  drugs,  the  capacity  of  the  health
sector to mitigate the pandemic will affect the damage on the society as a whole. The
tests applied to identify the cases, filing, and surveillance are effective factors in the
response of the state's health organization to this disease.

Keywords:  COVID-19,  Growth  factor,  Outbreak,  Pandemic,  Re,  Ro,  Rt,
Surveillance,  Virulence.

Eradication of disease in such a large population is a very difficult multi-factorial
and multi-faceted question. The prevalence of COVID-19 in the regions around
the  country,  the  intensity  of  the  population’s  relationship  with  other  countries
(with  commerce,  tourism,  etc.),  age,  and  other  demographic  factors  affect  the
magnitude of the impact of the disease on a population. For example, the rapid
increase  in  the  number  of  cases  in  February  and  March  in  Iran  and  Italy  is
considered to affect the number of cases in Turkey at the end of March. However ,
this  is  not  the  only  factor.  Many factors  such as  the  virulence  of  the  virus,  the
immunity level of the population in general, organization of immunization efforts,
and  ability  to  minimize  the  damage  through  drugs,  the  capacity  of  the  health
sector  to  mitigate  the  tsunami  of  patients  will  definitely  impact  how much  the
community  is  damaged  by  the  disease.  The  tests  applied  to  identify  the  cases,
filing, and surveillance are effective factors in the response of the state's health
organization to this disease (Table  1).

All  these concepts  are  collected in the term of  surveillance.  Surveillance is  the
process  of  timely  and  systematic  collection  and  processing  of  data  and  the
evaluation of the findings obtained to provide rapid feedback to the units in need.
Technological advances, the magnitude of the population, and   the  disease  itself
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will  directly  affect  the  success  of  these  efforts.  For  example,  Taiwan,  South
Korea,  Israel,  and  New Zealand  achieved  great  jobs  in  this  manner,  with  their
smaller populations and technologically advanced industries.

Table 1. Factors affecting the country's struggle to overcome the pandemic are listed below

1. Virulence: The degree of damage caused by a microbe to the host tissues or
the severity of the disease it inflicts. Virulence may also be defined as the
measurable value of the agent’s ability to cause disease. The pathogenicity of an
organism – which is defined as the ability to cause disease - is determined by its
virulence factors.

2. Detection of the cases: Recognition of the patients by applying tests to people
as indicated, including asymptomatic ones in some situations.

3. Isolation: Isolating diagnosed and suspicious cases from disease-naive people.

4. Filing/Filiation: In medicine, it refers to the connection of things resulting
from one another or contact tracing. To open a file for the case whose diagnosis
has been confirmed, to examine the case in detail with all his/her contacts, to
monitor their condition by phone or home visits, to ensure that they take their
medications, to ensure rapid intervention in the development of complications.
Filing is a prerequisite for revealing the contacts described in the next item.

5. Person with a contact: An individual who has had an epidemiological
relationship with an infected person, animal, or environment leading to the
possibility of acquiring and spreading that infection.

6. Contact tracing/ follow-up: Efforts to identify individuals who have
somehow contacted diagnosed and suspicious cases, monitor them with certain
rules, and provide testing. In this way, contacts can be recognized and become
aware of their situation. Asymptomatic contacts are also tested and diagnosed.
Those determined to be in contact are either quarantined or isolated themselves.

7. Preventing arrivals from abroad: Either completely stopping the arrivals to
the country by sea, land, and air or allowing them to enter after certain
procedures (such as quarantine or testing).
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WHAT ARE R0, RT, AND RE?

R0: “R0” or “R zero” represents the startout time of the infection or epidemics.
These  numbers  are  derived  from  the  term  “basic  reproductive  number”  which
describes  the  average  number  of  people  infected  by  a  single  infected  person.
Therefore,  if  R0 <1, an epidemic will  not occur at  all.  The number R0 is not a
universal absolute number (constant). It will vary from region to region and over
time. Screening and quarantine measures directly affect R0 (Table 2).

Table 2. Estimated R0 and “herd immunity threshold” (HIT) values for the most common infectious
diseases (Adapted from Li 2020, Riou, 2020)

Disease Way of Spread/ Contagiousness R0 HIT (%)

Measles Air/respiratory 12–18 92–95

Diphtheria Saliva 6–7 83–86

Polio Fecal-oral 5–7 80–86

Ebola Bodily fluids 1.5–2.5 33–60

Whooping cough Air/droplets 12–17 92–94

Rubella Air/droplets 6–7 83–86

Smallpox Air/droplets 5–7 80–86

Influenza Air/droplets 1.5–1.8 33–44

Parotitis (Mumps) Air/droplets 4–7 75–86

SARS (2002-2003) Air/droplets 2–5 50–80

COVID-19 Air/droplets 1.4–3.9 29–74

When it comes to change over time, effective numbers, “Re” or “Rt” come to the
fore. This means the actual transmission or spreading rate of the virus per time
unit.  For  example,  while  Rt  was  above  2  in  Wuhan  in  December  2019  and
January 2020, closure and contact tracing decreased to below 1 and around 0.3 in
March  2020  and  after,  with  the  strict  implementation  of  measures  such  as
quarantine. It is up for debate what will happen to Rt as the restrictions have been
removed.

As can be understood from here, Rt allows us to track which effective measures
are  taken  in  a  country,  community,  or  group  and  which  direction  the  disease
evolves.

Number of tests done in a country directly affects the number of cases diagnoses
and isolated, For example, South Korea has achieved great success by performing
tests  to  many  people,  including  asymptomatic  ones,  from  the  outbreak  of  the
pandemics, isolation of suspicious cases while monitoring contacts.
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INCUBATION PERIOD

The time until the symptoms and signs appear after the patient is infected with the
virus is called the incubation or incubation period. The most important point is
that the patient becomes contagious and spreads the disease to the environment
during this period. There are publications that give a precise limit of 2-14 days for
incubation,  but  comprehensive publications on COVID-19 have shown that  the
average  duration  is  5  days,  and  complaints  and  symptoms develop  within  11.5
days  (Lauer,  2020).  For  this  reason,  it  is  thought  that  when  the  quarantine  is
mandated for  14 days,  the findings will  almost  definitely be seen in suspicious
cases.

PRINCIPLES  OF  SURVEILLANCE  AND  STRUGGLE  WITH  THE
PANDEMIC: HOW COUNTRIES DIFFER FROM EACH OTHER?

Pearl:  The  most  basic  mistake  that  can  be  made  may  be  the  admission  of
patients  and  patients  whose  general  condition  deteriorated  to  the  hospital
and use hospitals to respond to this ,  in short, “meeting the tsunami of the
pandemic in hospitals”.

In fact, it is the very effective conduct of filings and screenings, strict quarantine
and  isolation  practices,  and  minimization  of  mass  mobility  with  curfew  and
similar  measures.  Of  note,  not  every  measure  would  fit  into  every  country  or
population.  Every country will  tailor  these measures  in  accord with its  cultural
heritage, technological advances, and social relationships. For example, many Far
East countries did not undertake curfew or restrictions of human mobility, while
Middle East or North African countries referred to such strict measures instead of
technological  applications  such  as  face  recognition.  In  this  context,  it  is  also
important  to  be  able  to  monitor  tests  and  suspicious  cases  in  a  transparent  and
open manner.

HOW  EFFECTIVE  IS  HOME  STAY,  SOCIAL  /  INDIVIDUAL
ISOLATION IN PREVENTING THE SPREAD OF COVID-19?

According  to  the  Seattle  Disease  Modeling  Institute,  COVID-19  infection  is
known to double in 6-9 hours when no intervention is done. (IDM Coronavirus
InfoHub: URL: https://docs.google.com/document/d/ 1UZ4eyAqaNnmO4kYKF-
Z9-HWA0y0wyR30RRAT-_Wxi9c/preview)

An  analysis  has  been  made  on  how  isolation  affects  the  number  of  cases  and
deaths against virus spread. Accordingly, the total number of cases, which is 100

https://docs.google.com/document/d/1UZ4eyAqaNnmO4kYKF-Z9-HWA0y0wyR30RRAT-_Wxi9c/preview
https://docs.google.com/document/d/1UZ4eyAqaNnmO4kYKF-Z9-HWA0y0wyR30RRAT-_Wxi9c/preview


Value of R0, Rt and Re Demystifying COVID-19   21

today, is proportional to the percentages of staying home and the rate of COVID-
19 spread within two weeks:

25000 cases and 500 deaths with 0% homestaya.
5,000 cases and 100 deaths with 25% homestayb.
2000 cases and 40 deaths with 50% homestayc.
200 cases and 4 deaths with 75% homestayd.
are expected. In other words,e.
Total case and death rates can be reduced by 99.2% with 75% staying at home,f.
reduced by 92% with 50% staying at home,g.
reduced by 80% with 25% staying homeh.

Fig. (1) shows the potential impact of effectivity conferred to measures including
social / individual isolation in preventing the upsurge of the number of cases with
COVID-19 in a given population.

BELGIUM HAS A VERY DIFFERENT CASE SITUATION

When two calculations are undertaken with different points of view, Belgium is
among the countries with the highest deaths toll. It is both the country with the
highest number of deaths compared to the population, and the country with the
highest  death  rate  among  those  who  have  the  disease,  which  we  call  the  case-
fatality rate (CFR).  When the reason for these situations is  investigated,  a very
interesting fact emerges: It was seen that more than half of the 10 thousand people
who lost their lives in the country with a population of approximately 11 million
500 thousand died in nursing homes. The essential detail is that it is remarkable
that the elderly who died in nursing homes with signs and symptoms suggestive of
COVID-19 and rapidly  deteriorated  were  recorded as  death  due  to  COVID-19,
regardless of the availability of test results. The fact that higher mortality rates are
recorded in the country where diagnosis and treatment are carried out respecting
the clinical and radiological (mostly tomographic) findings, and regardless of the
tests,  suggests  that  this  is  actually  the  right  thing  and  that  other  countries
underestimate  numbers  and  indirectly,  the  disease.Relatively  high  case  fatality
rate in Belgium stems from differing methods of data recording.
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Fig. (1).  With the strict use of personal protective equipment and the implementation of individual isolation /
curfew, the spread of the pandemics will take place over a longer time and sudden loads on the health system
can be tolerated over time.

Increases in case numbers, Rt values may differ substantially between countries
and even among regions within a country, depending on the practical implications
of the measures, geographical and cultural variations, etc.

Change in the number of cases within days in 7 countries revelas that although
data security is questioned in China, which has taken strict measures, the number
of cases has entered a horizontal trend. However, the upward trend continues in
countries  such  as  Germany,  Spain,  and  Italy.  The  steep  rise  is  worrying  in  the
USA, which was too late to take action and is in disputes within the country.

When we combine different scenarios related to the epidemic, it can be seen that
all of them predicted it could be eradicated in the end of 2021 at the earliest (Fig.
2).

COVID-19 also offered a great opportunity to observe the impact of processes in
controlling the epidemic; for example, 'lock-down': Fig. (3) gives a rough estimate
of the short and long-term potential effects of lock-down.

Peak levels can be seen a few weeks after the total closure, which means that the
highest level of precautions can be taken. If the precautions are continued in the
strictest way possible after the peak level is seen and the cases start to decrease,
the pandemic can be mitigated, and numbers are minimized.
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Fig. (2).  Similar to the swine flu experience in 2009, it is a realistic forecast that it continues with seasonal
“small”  peaks  in  the  next  years  (a),  with  the  largest  peak  in  2020  (scenario  b).  Scenario  c  is  the  most
optimistic scenario, which is hard to see come true. Scenario d estimates it will become negligible for some
time and then appear again as a real outbreak after several years.
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Fig. (3).  Estimates of the curves of the number of cases that the epidemic will follow and the measures to be
taken in the rise of the pandemic on March 20 in the UK (URL:  https://www.nationalgeographic.com/science
/2020/03/uk-backed-off-on-herd-immunity-to-beat-coronavirus-we-need-it/).  If  nothing  is  done,  all  ICU
capacity  will  have  to  be  allocated  to  COVID-19-related  patients  at  the  peak  of  the  epidemic.

HERD IMMUNITY AND THE 'SECOND WAVE' PROBLEM: MYTH OR
TRUTH?

Yes  of  course  it  is  true.  It  is  as  real  as  the  knowledge  that  there  will  be  new
earthquakes, but it is also unpredictable. In order to mention the second wave, it is
expected that  the  first  wave will  end,  and the  number  of  new cases  and deaths
announced daily will be '0' or close to it for a considerable timeframe. However,
in  many  discussions,  it  can  be  seen  that  everyday  hundreds  of  new  cases  and
dozens of new deaths are recorded as “second wave” discussions. So, it is also a
subject  of  “infodemics”  throughout  the  world.  New Zealand  is  maybe  the  first
country that deserves to claim it has finished the ‘first wave’ in August 2020.

It  makes  sense  to  talk  about  the  second  wave  in  flu  epidemics.  But  we  cannot
simply  treat  COVID-19  as  a  flu  pandemic.  The  vulnerable  groups,  the  elderly,
those  with  comorbidities,  immunocompromised  people  should  be  seriously
protected by every appropriate means, because the death rate is above 20% when
they are inflicted.
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Herd  (i.e.,  “community”  for  human  being)  immunity  is  an  accepted  method  to
pursue  in  the  struggle  with  non-fatal,  contagious  diseases.  It  became a  method
adopted  in  the  1930s,  along  with  mass  vaccination  for  measles.  When  the
percentage  of  people  who  have  been  immunized  in  the  community  (by
vaccination  or  disease)  exceed  a  certain  threshold  value,  the  probability  of  the
epidemic  to  prevail  again  approaches  zero.  However,  in  a  disease  with  a  case
fatality rate around 5% such as Covid-19, this method becomes controversial. As
a matter of fact, England seems to have adopted this method at the beginning of
the  pandemic,  but  later  on,  the  cases  with  a  fatality  rate  of  more  than  10%
announced  that  they  left  it  amid  harsh  reaction  of  healthcare  professionals,
supported by the public. On March 13, the government's chief health advisor, Sir
Patrick Vallance defended the herd immunity policy, reiterating that they would
triumph over COVID-19 once nearly 60% of the population became immune. On
March 15, epidemiologist Dr. W. Hanage published a report which put forth that a
large number of people would die if this method was used. As a result of these
discussions,  the  government  reconsidered  and  initiated  closure  or  ‘lock-down’
measures on March 23, 2020 (Fig. 3). (URL:  https://www.theguardian.com/com
mentisfree/2020/mar/15/epidemiologist-britain-herd-immunity-coronavirus-covid
-19).

In September 2020, an interesting news has come from Brazil on the immunity
status  of  this  developing  country.  A  population-based  household  survey  was
performed  in  the  State  of  Maranhão,  in  July  and  August  to  estimate  the
seroprevalence of SARSCoV-2 using a serum testing electrochemiluminescence
immunoassay (da Silva, 2020). Seroprevalence of total antibodies against SARS-
CoV-2  was  40·4%  (95%CI  35·6-45·3).  The  authors  concluded  that  the  “herd
immunity threshold” (HIT) is not as low as 20%, but at least higher than or equal
to around 40%. The infection fatality rate was one of the lowest reported so far,
and the proportion of asymptomatic cases was low.

IS  THE  ‘ORDINARY  CITIZEN’  ALSO  GUILTY?  WHICH  MISTAKES
DID THEY DO IN THE PANDEMIC AND ‘NORMALIZATION’?

When the citizens combined incomplete health knowledge and a high motivation
to  normalize  the  economy,  they  tended  towards  normalization  too  rapidly.  For
instance, it has hardly been observed that ordinary citizens react to the crowds in
public transport. I do not find it right to make it easy to blame the public as some
scientists  and  politicians  do.  >We can  understand  this  when  we  reexamine  the
“Maslow's order of requirements” scheme, which is still valid today. Under the
heading of  physiological  needs,  the  motivation to  survive,  feed,  raise  offspring
and hence, continue their lineage are the top priority instincts for the life. Even the

https://www.theguardian.com/commentisfree/2020/mar/15/epidemiologist-britain-herd-immunity-coronavirus-covid-19
https://www.theguardian.com/commentisfree/2020/mar/15/epidemiologist-britain-herd-immunity-coronavirus-covid-19
https://www.theguardian.com/commentisfree/2020/mar/15/epidemiologist-britain-herd-immunity-coronavirus-covid-19
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health  issue  comes  next.  Therefore,  people,  regardless  of  their  educational
background  and  what  is  taught  and  told  to  them,  prioritize  activities  related  to
survival than abstract dangers for health, that is, the risk of being infected with the
virus. However, if you do not have problems with physiological needs, that is, if
you believe that you have secured your well-being in the future, health issues can
be  ahead  of  others.  This  explains  why  there  are  so  many  different  behaviors
related  to  COVID-19  between  neighborhoods,  and  groups  with  different
socioeconomic or cultural backgrounds. In other words, it is natural that those in a
region where socioeconomically “comfortable” or those with future security are in
the majority do not understand those in the other ‘poor’ region.

“Maslow's order of requirements” chart helps us understand people's behavior and
motivations.  Here,  priorities  move from physiological  needs  to  self-realization,
that is, from the bottom to the top.

Turkish people, like many developing countries, have difficulties to comply with
masks, physical distance, strict hygiene rules. Mediterranean and Middle Eastern
habits, in which the “non-compliance” feature is somehow dominant in cultural
codes,  can  partially  explain  this.  It  would  be  more  appropriate  for  the  state  to
emphasize  the  issue  by  using  mass  media  more  effectively,  not  only  with
sanctions but with effective information including pros and cons of the dangerous
disease.  Only  really  educated  people  can  believe  in  the  necessity  of  the  bitter
measures and incorporate them in their lives.

What could be the messages for the future?

Even  if  this  epidemic  ends  after  a  while,  new outbreaks  will  come.  Therefore,
long-term  evolution  of  sociocultural  codes  should  be  considered.  For  this,  the
education of pre-school, school children and women play a key role. Concretizing
the virus infection, which is an abstract danger, at a level that will change the lives
of  people  will  require  serious  pedagogical  effort  and  organizational  skills.  The
state  should  strive  to  plan  and  coordinate  these  in  the  long  run  by  cooperating
with non-governmental organizations.

HOW DOES THIS DISEASE END?

Community  education  is  very  important  for  the  eradication  of  COVID-19.
Increased public awareness is one of the most important factors besides variables
such  as  climatic  conditions,  vaccination,  availability  of  drugs,  and  finally,
mutation of the virus. Historically, public awareness also played an important role
in  reducing  the  tuberculosis,  which  was  very  common  in  most  developing
countries  in  the  first  half  of  the  1900s.
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Another  factor  is  the  development  of  a  highly  protective  vaccine  against  the
disease  (discussed  in  another  chapter).

A  close  scrutiny  of  the  history  of  vaccine  development  reveals  that  even  in
diseases afflicting populations en masse, vaccines were found after many years,
and they were never found in many important diseases such as AIDS, Ebolavirus,
SARS, and MERS.

Pearl: Don't panic, get ready. COVID-19 is not a tornado, it is a hurricane. It
affects everyone. You will not be harmed if you stand firm.

THE SPANISH FLU EXPERIENCES OF 1918: DOES HISTORY LIGHT
OUR WAY?

The Spanish flu, which started in Europe between 1918-1920 and travelled to the
American continent by ships, turned into a pandemic that affected almost every
country and one-third of the world's population at that time, sheds light on the day
after 100 years.

Since  there  are  many factors  affecting  the  course  of  pandemics,  one  should  be
very careful in predicting the future. When we look at the state of the disease in its
own internal dynamics, we see that there is a disease that is easily contagious, and
the specific drug and vaccine have not yet been found. We know similarities of
this situation from history. Now, I want to draw attention to the experience in the
USA in the 1918 pandemic.

Why is It Called ‘Spanish Flu’?

In fact, although the epidemic affected Europe and the USA very widely, in the
chaotic environment of World War I, newspapers in the USA, France, Germany
and England were banned from writing the facts about the epidemic, except for
the serious illness of the King of Spain and the severe spread of the epidemic in
Spain. For this reason, the opinion spread in the world and news has been released
that the flu particularly hit Spain. So, it was called a ‘Spanish Flu’.

Is It Different From Other Flu Syndromes?

Yes. Spanish flu emerged with the agent we know from the swine flu epidemic in
2009,  coded  as  H1N1.  Young  children  and  the  elderly  are  targets  of  most
influenza  outbreaks,  although  Spanish  flu  has  a  higher  mortality  rate  among
young  adults.  Bacterial  superinfection  has  also  been  shown  to  be  effective  in
deaths after cytokine storm.
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WHAT HAPPENED IN THE USA?

Philadelphia and St. Louis are two different cities with their own administrative
characteristics.  It  is  thought  that  the  epidemic  reached  the  USA with  merchant
ships coming to Boston in 1918. It was even written that in September 1918, more
than 1500 soldiers were infected with the flu in one day after a soldier on a base
35 miles away from Boston was wrongly diagnosed with meningitis.

When the first cases are diagnosed with “Spanish flu”, it is remarkable that the
two cities follow completely different paths.

Philadelphia welcomes the situation more easily and is slow and reluctant to take
action.

With the effect of the underdeveloped medical institutions and civil society, the
objections are weak, and an official parade was organized with the participation of
thousands of people on September 28, 1918.

Just a few days after this parade, the hospitals in the city are overcrowded with
patients presenting with Spanish flu symptoms, fever and respiratory distress, and
health  institutions  are  not  keeping up  with  the  patient  load.  After  thousands  of
people have died in this period, the measures are tightened, and the epidemic is
brought under control.

Mass Graves Were Opened in The Usa in September 1918 Due To Massive
Death Toll

In St. Louis, on the other hand, an opposite strategy is followed. Immediately after
the first  case is  diagnosed,  strict  measures  are  taken,  meetings are  banned,  and
almost  every  field  is  intervened,  from  sports  matches  to  political  rallies.  Mass
vaccination has been pursued. The epidemic is thought to be under control, and
the practices are suddenly loosened in November 1918, two months after the first
measures. Then, there has been a rapid increase in cases from this point on, but it
can be taken under control again after months.

As a result, it is easily seen that the number of cases in the two cities follows a
different course from each other.

The mistakes  made by these two cities  at  different  times and in  different  ways
affected the society in different directions and eventually the increase of cases was
reflected  in  the  graphic.  In  history,  these  events  were  called  “Philadelphia
madness”  and  “St.  Louis  complacency”.
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SUMMARY: The Spanish flu pandemic has killed between 20 and 100 million
people  worldwide.  Estimates  average  50  million,  showing  the  world's  largest
pandemic.  In  just  one-year  mean  life  expectancy  in  America  declined  by  an
incredible  12  years,  according  to  the  US  National  Archives.

CONCLUSION: The most basic mistake that can be made may be the admission
of patients and patients whose general condition deteriorated to the hospital and
use hospitals to respond to this, in short, “meeting the tsunami of the pandemic in
hospitals”. Community education is very important for the eradication of COVID-
19.  Increased  public  awareness  is  one  of  the  most  important  factors  besides
variables  such  as  climatic  conditions,  vaccination,  availability  of  drugs,  and
finally,  mutation  of  the  virus.  It  will  be  an  effective  measure  to  emphasize  the
issue  by  using  mass  media  more  effectively,  not  only  with  sanctions  but  with
effective information including pros and cons of the dangerous disease.

Although “herd immunity” is an accepted method to pursue in the struggle with
non-fatal, contagious diseases, this method appears to be controversial in a disease
with a case fatality rate around 4% to 5% such as COVID-19.

Provided with the data of soaring figures of newly diagnosed cases and death toll
in  many  countries  worldwide  in  autumn  2020,  governments  and  public  should
reevaluate  the  situation  and  take  efficient  measures  against  the  disease.  Public
mobility,  transportation,  meetings,  and  many  business  activities  are  known  to
facilitate the transmission of the disease, which also indicate which sectors should
be restricted in order to mitigate the burden.
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CHAPTER 3

Comorbid  Diseases  and  COVID-19:  COPD,
Smoking,  Obesity,  Diabetes,  Cancer,  and  Kidney
Failure

Abstract: COVID-19 can cause disease in almost all ages and all groups. However,
those with comorbid diseases are at high risk in terms of the progression of the disease,
deterioration  such  as  hospitalization  in  an  intensive  care  unit  (ICU),  mechanical
ventilation  requirement,  and  the  risk  of  death.  Smoking,  COPD,  coronary  artery
disease, heart failure, cancer, kidney and liver failure, and obesity have been directly
associated  with  death  rates  other  than advanced age  and male  gender.  Patients  with
comorbid diseases are older people (mean age 60 y vs. 45 y), presented with shortness
of  breath  more  commonly  ,  have  more  severe  COVID-19  (30%  vs.  10%),  which
directly  impacts  the  clinical  course,  morbidity,  and  mortality.

Keywords:  ACE2  receptors,  Cancer,  COVID-19,  Coronary  artery  disease,
COPD, Heart failure, Kidney failure, Liver failure, Obesity, Pandemic, Smoking.

In an analysis of 1590 patients with COVID-19 in China, at least one comorbidity
was  found  in  one-third  of  critical  or  severe  patients,  while  only  1/10  of  mild
patients were found to have the same (Guan, 2020). In accord with this study, we
can postulate that having one or more comorbidities and smoking habits directly
affected  mortality.  Now  we  are  sure  that  patients  with  comorbid  conditions
represent a more disadvantaged subpopulation in the universal sample of COVID-
19 (Table 1).

Guan  et  al.  reported  in  their  detailed  analysis  of  1590  COVID-19  cases  that
having one or more comorbidities negatively affects mortality compared to those
with no comorbidities (Guan, 2020).

THE  RELATIONSHIP  BETWEEN  COVID-19  FATALITY  RATE  AND
COMORBIDITIES

The mortality rate for people who have no co-morbid diseases is 0.9%. Mortality
increases with the following diseases (Table 2).

Ozgur KARCIOGLU, Selman YENIOCAK and Mandana HOSSEINZADEH
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Coronary artery disease and heart failure (highest risk) ●

Diabetes (DM) ●

COPD / asthma ●

HT ●

Cancer ●

Obesity ●

Table 1. Characteristics of patients with comorbid diseases compared to others.

• Older people (mean age 60 y vs. 45 y),

• They have more severe COVID-19 (30% vs. 10%),

• They are presented with shortness of breath more commonly (41% vs. 17%),

• Smoke more commonly (11.8% vs. 5.4%),

• They are presented with nausea / vomiting more commonly (10% vs. 4%),

• They show a higher rate of abnormalities on the chest radiography (29% vs. 15%),

• They are admitted into ICU more commonly (13.5% vs. 3.8%),

• They die more commonly (8.8% vs. 1.3%),

Table 2. The death rates are given as the odds or rates that people with these chronic conditions will
face when infected with COVID-19.

Chronic Problems Mortality Rate
(Definite Diagnosis) (%)

Mortality Rate
(possible Diagnosis) (%)

Cardiovascular disease (CVD) 13.2 10.5

Diabetes 9.2 7.3

Chronic respiratory disease 8.0 6.3

Hypertension 8.4 6.0

Cancer 7.6 5.6

None - 0.9

Comorbid Diseases and Death In Age Groups

The impact of comorbid diseases on the death rate becomes more prominent with
advancing age (Table 3).

Almost  all  comorbidities  affect  both  sexes,  but  some  conditions  are  associated
with  higher  death  rates  in  women  or  men.  Among  patients  with  COVID-19,
ischemic heart diseases, COPD, liver diseases and chronic kidney failure are seen
more  frequently  in  men.  Atrial  fibrillation,  dementia,  heart  failure  and
hypertension  are  more  common  in  women.
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In the largest series published so far, 5,700 patients with a positive PCR test in
New York and diagnosed with COVID-19 and hospitalized in 12 hospitals were
analyzed (Richardson, 2020). The sample of patients had a median age of 63 and
60% of them are male. It is interesting that 88% of the patients had more than one
concomitant disease (Table 4).

Table 3. Numbers and rates of the deceased as of May 13 in New York, USA. It is noted that those with
comorbid diseases constitute the majority of those who die in all age groups, and this trend is observed
more clearly in young people. More than 20% mortality rate over the age of 45 shows that it is a very
severe group of COVID-19 patients. (URL:  https://www1.nyc.gov/assets/doh/downloads/pdf/imm/covid
-19-daily-data-summary-deaths-05132020-1.pdf).

Age
(years)

#
Patients
Died

Fatality
Rate (%)

Those with
Comorbidities
(n)

Those with no
Comorbidities
(n)

Comorbidities
Unknown

Percentage of
those with no
Comorbidities
(or Those with
no Data) in all
Deaths (%)

0 - 17 9 0.06 6 3 0 0.02

18 - 44 601 3.9 476 17 108 0.8

45 - 64 3,413 22.4 2,851 72 490 3.7

65 - 74 3,788 24.9 2,801 5 982 6.5

75+ 7,419 48.7 5,236 2 2,181 14.3

TOTAL 15,230 100 11,370 (75%) 99 (0.7%) 1,551 (24.7%) 25.3%

Table 4. In the New York series, which includes 5700 patients, it has been reported that cardiovascular
and metabolic diseases (obesity and diabetes) have very close association with COVID-19 (Richardson,
2020).

Comorbidities N (%)

Cancer 320 (6)

Hypertension 3026 (56.6)

Coronary artery disease 595 (11.1)

Heart failure 371 (6.9)

COPD 287 (5.4)

Asthma 479 (9)

Obstructive sleep apnea 154 (2.9)

HIV 43 (0.8)

History of organ transplantation 55 (1)

Chronic kidney disease. 268 (5)

End-stage renal disease 186 (3.5)

Diabetes 1808 (33.8)

https://www1.nyc.gov/assets/doh/downloads/pdf/imm/covid-19-daily-data-summary-deaths-05132020-1.pdf
https://www1.nyc.gov/assets/doh/downloads/pdf/imm/covid-19-daily-data-summary-deaths-05132020-1.pdf
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Cirrhosis 19 (0.4)

Chronic Hepatitis B/C 11 (0.2)

Obesity (BMI ≥30)
Morbid obesity (BMI ≥35)
(among 4170 pts)

1737 (41.7)
791 (19.0)

Smokers (among 3567 pts) 558 (15.6)

PULMONARY DISEASES AND COVID-19

The  most  common  chronic  respiratory  diseases  in  the  community  are  Asthma,
COPD, emphysema and chronic bronchitis. The prevalence of COPD in Turkey is
between 19-20%. According to the data of the World Health Organization, COPD
is the 4th  most common disease in the world. These diseases can often coexist .
Asthma inflicts younger patients than the other diseases.

What  is  the  difference  between  COPD  and  COPD-Acute  exacerbation
(COPD-AA)?

COPD  is  a  structural  destruction  of  the  airways  as  a  result  of  chronic
inflammation of the airways, which is seen almost exclusively in smokers, often
over  the  age  of  40.  The  resulting  chronic  inflammatory  response  leads  to
parenchymal tissue damage (emphysema) and impairment in normal tissue repair
and defense mechanisms (small airway fibrosis). These changes cause air trapping
and  progressive  airflow  restriction.  In  mild  or  early-stage  COPD,  the  main
symptoms are  chronic  cough and  sputum production.  Phlegm is  usually  white-
gray, thick, and sticky. In exacerbations, it often turns green.

COPD-Acute Exacerbation (COPD-AA)

periods  are  characterized  by  fever,  flank  pain,  change  in  sputum  character  or
amount,  odor,  and  color.  According  to  the  definition  of  the  Turkish  Thoracic
Society,  COPD-AA; “… is  an acute  event  characterized by a  worsening of  the
patient's respiratory tract symptoms beyond the normally observed daily change
which leads to a change in medication”.

Generally,  frequent  exacerbations  are  seen  in  very  advanced  stages  than  in  the
initial stages.

Could COVID-19 Infection also Cause COPD-AA?

Yes. Causes of COPD-AA can be bacterial, viral, or fungal infections. As can be
understood from here, COVID-19 infection is also one of the causes of COPD-
AA.

(Table 4) cont.....
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Are Patients with COPD or Asthma at High Risk for Contracting COVID-19?

No, there is no higher risk of getting the disease compared to other people. This
has been clearly demonstrated in studies  in China and S.  Korea (Guan,  NEJM,
2020).  The  Canadian  Thoracic  Society  reported  in  2020  publications  on  both
COPD  and  asthma  that  neither  disease  had  conveyed  an  increased  risk  for
COVID-19.

Are Patients with COPD at High Risk for Severe COVID-19 and Death?

Yes, according to the proven data, COVID-19 is severe in those with a previous
diagnosis  of  COPD. In  the  analysis  of  1590 inpatients  in  China,  when age and
smoking status are kept under control, COPD, diabetes, hypertension, and obesity
predict poor clinical outcomes (Guan, ERJ, 2020). In fact, in this study, COPD
stood  out  as  a  stronger  risk  factor  than  other  diseases.  In  brief,  the  need  for
mechanical  ventilation  and  ICU  admission  is  more  common  in  patients  with
COPD,  and  death  and  disability  are  reported  at  a  significantly  higher  rate.

How are The Follow-up and Treatment of COPD and COPD-AA Cases During
The Pandemics?

There  is  basically  no change in  the  ongoing treatment  of  COPD cases  and this
continuity should be maintained by communicating with the physicians who carry
out  their  follow-up  when  necessary.  Short  and  long-acting  bronchodilators
(sympathomimetics)  and  corticosteroids  are  the  mainstays  of  treatment.

The main goal is to beware of COVID-19 disease by staying at home, isolation,
physical distance, hygiene, and frequent hand washing for at least 20 seconds with
cleaners containing at least 60% alcohol. Working from home can be an important
solution for most white-collar people. It will be wise for them to have at least one
month of treatment with them so that they do not have to leave home.

Are Systemic Corticosteroids (CST) Used in COPD-AA During Pandemic?

Why  not?  There  is  no  data  that  inhaled  corticosteroids  increase  the  risk  of
COVID-19. Yes, in COPD-AA cases, it is recommended to take oral prednisone
regardless  of  whether  the cause of  the exacerbation is  COVID-19.  In this  way,
patients can avoid unnecessary ED admissions. Thus, it is thought that they can
also be protected from inadvertent contagion of COVID-19.
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Are There Any Changes For Asthma Patients?

The chronic and relapse treatment of asthma exactly should be continued as usual.
In summary, keeping asthma under control is the best prevention against a severe
COVID-19.

How is an Asthma Attack Treated While Infected with COVID-19?

Corticosteroids and short- or long-acting beta agonists (SABA and LABA) can be
used,  regardless  of  a  diagnosis  of  COVID-19.  An  effective  and  expedient
treatment of asthma is also necessary to alleviate the severity of the respiratory
symptoms  of  COVID-19.  Oral  prednisone  can  be  used  in  asthma as  well  as  in
COPD, which will reduce hospital admissions.

Is  the  Use  of  Nebulizers  Recommended  in  The  Treatment  of  Asthma/COPD
During The COVID-19 Outbreak?

Largely  no.  Instead  of  a  nebulizer,  metered  dose  inhalers  should  be  used.  The
SARS-CoV-2 virus spread can be reduced in this way.

Does  Smoking  and  COPD  Development  Alter  Expression  of  ACE2
Receptors?

Unfortunately, yes. Leung et al. reported clear findings on this subject in Canada
(Leung,  2020).  In  this  study,  it  was  shown histopathologically  that  both  active
smoking and the development of COPD had increased production of ACE2 in the
lower respiratory tract. This is a factor in both being inflicted by COVID-19 and
having a severe clinical course. In the study, no such clear finding was observed
among  former  smokers,  i.e.,  those  who  quit.  Brake  et  al.  reported  that  ACE2
production increased in smokers, via  mechanisms mediated by nicotine (Brake,
2020).  There  is  also  information  published  before  the  pandemic  that  nicotine
reduces ACE2 receptors (Oakes, 2018). Considered to be reduced, there will be an
excessive decrease with the ACE2 receptors, which the SARS-CoV-2 virus causes
to  destroy,  increasing  the  severity  of  the  disease  (Usman,  2020).  Therefore,
smoking cessation and keeping COPD under control is of great importance in the
struggle against COVID-19 that will last for more years.

Does Smoking Affect Clinical Course?

Unfortunately, a resounding “yes”. Guan et al. reported in their studies, 95% of
non-smokers  have  no  comorbidities,  while  nearly  half  of  smokers  have
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comorbidities such as cardiovascular or lung diseases (Guan, 2020). Again, the
majority of COVID-19 cases with COPD and CVD consist of smokers.

In the case series published by Suleyman et al. from Detroit, smoking was noted
in  22%  in  discharged  patients  vs.  38.6%  in  hospitalized  patients  (p  =  0.002)
(Suleyman,  2020).

One of the variables that statistically significantly affects mortality in the analyzes
is smoking (p = 0.047).

Smoking increases the risk of contracting COVID-19 and worsens the course of
the disease in several ways:

By suppressing the ciliary movement in the airways, smoking makes it difficult1.
to remove viruses and bacteria.
It increases ACE-2 receptors, which are key to the entry of the virus into the2.
cell.
It suppresses the immune system in general, i.e., inhibits antibody production in3.
B lymphocytes by reducing CD4+ 'helper T cells'.
Nicotine  in  the  cigarettes  also  suppresses  immunity  by  increasing4.
catecholamine production.
Cardiovascular  diseases,  pulmonary  diseases  (COPD,  asthma,  and  chronic5.
bronchitis) progress and worsen with smoking.
Nicotine  also  prevents  the  production  of  interleukin-22,  which  suppresses6.
alveolar inflammation and regenerates damaged cells.

The cilia  in the mucous membranes of the airway epithelial  cells  push harmful
particles and microorganisms to the outside (hypopharynx/mouth / nose) with a
brush-like  motion,  thereby  protecting  the  lungs  in  the  long  run.  Highly  active
ciliary  movement  in  the  top  healthy,  non-smoker,  and  bottom most  ineffective
movements in a person who has been smoking for years.

Is Smoking also Effective in Influenza?

Yes, unfortunately. When the mortality risks of ex-smokers and active smokers
are compared with those who have never smoked, the negative effect of smoking
is clearly remarkable. Studies show that smokers are inflicted by diseases more
commonly  due  to  suppression  of  immunity  (Brake,  2020).  Death  risk  has  also
been documented to increase with smoking (Han et al, 2020).
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Is COVID-19 More Severe in Smokers?

Yes,  it  has  been  definitively  demonstrated  that  COVID-19  disease  progresses
more severely in smokers (Guo FR, 2020).

What  are  The  Key  Findings  of  Systematic  Reviews  and  Meta-analyzes  with
High Level of Evidence?

In the study of Zhao et al., who investigated the impact of smoking on COVID-
19, the findings of 11 different studies were analyzed together (Zhao et al. 2020).
While the effect of COPD was 4.38 (Fixed effect model, 95% CI: 2.34-8.20), the
effect of smoking alone was found to be 1.98. In other words, being undiagnosed
with COPD does not protect smokers from COVID-19.

In  a  more  recent  meta-analysis  with  high  level  of  evidence,  the  data  of  2473
patients with COVID-19 enrolled by 15 studies were analyzed (Alqahtani, 2020).
The fatality rate is 7.4%, that is, it is a severe patient group. The percentage of
patients known to have COPD is 2% and the rate of smokers is 9%. Cases with
COPD  have  more  severe  disease,  compared  to  those  without  COPD  (risk  of
severe disease= 33.4% vs. 63%). Current smokers are noted to have a 1.45 times
greater risk of severe complications than others (ex- and nonsmokers).

Vardavas et al. published a systematic review with findings from the early phase
of  the  pandemic  (Vardavas,  2020).  In  their  analysis  of  5  studies  conducted  in
China,  they  reported  that  smoking  increases  the  probability  of  a  poor  clinical
course, although the data are limited.

What is “Smoker’s Paradox” (SP), are There any Justifications?

Yes, there is. It is known that nicotine suppresses the immune response through its
anti-inflammatory effects. It was thought that this might cause a mitigation of the
cytokine  storm.  In  1995,  some  publications  reported  that  smokers  had  a  better
clinical  prognosis  in  coronary  artery  disease.  It  is  observed  that  smokers,  who
constitute a large population especially in developing countries, do not attempt to
quit smoking during the pandemic period with this confusion. In fact, in most of
the  publications,  former  and  active  smokers  were  grouped  under  the  title  of
“smoker”, while a significant decrease was observed in cardiovascular disease and
associated  mortality  rates  within  a  few  years  with  smoking  cessation.  In  more
recent studies, the protective effect of smoking has not been demonstrated, on the
contrary, a worse clinical course has been observed in smokers (Redfors, 2020).

When  the  confounding  factors  are  discarded  carefully,  the  protective  effect  of
smoking against COVID-19 cannot be supported by concrete evidence. Putting an
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emphasis on the protective effect of smoking, especially by physicians, will have
a detrimental effect on the public and hamper the efforts to quit smoking.

If we list the potential harms of smoking on COVID-19; (adapted from Usman,
2020).

In the use of all tobacco products in the form of cigarettes / hookahs / electronic1.
cigarettes  /  cigars  /  pipes;  hands  are  frequently  touch  face  or  mouth,  which
represents the most frequent mechanism in disease transmission.
The  normal  epithelial  cover  in  the  respiratory  tract  is  degraded,  mucociliary2.
activation decreases, which facilitates infection.
Decreased  ACE2  receptor  production  reduces  degradation  of  angiotensin  2,3.
which increases local inflammation, thrombotic events, and vasoconstriction.
The increase in ACE2 receptor production prepares the ground for the SARS-4.
CoV-2 virus to attach and enter the cell.
The clinical course of COVID-19 worsens as a result of increased coronary and5.
cerebrovascular diseases and COPD in smokers.

In  summary,  COPD  cases  should  be  more  careful  to  avoid  the  problems
associated with COVID-19 and to avoid exacerbations. Risks will be higher with
the addition of the effects of seasonal changes. Avoiding smoking is one of the
prerequisites  for  COPD  not  to  worsen.  It  has  been  established  that  smoking
increases  the  risk  of  severe  complications  and  mortality  of  COVID-19.

In the fight against  COVID-19 that will  last  for more years,  smoking cessation
and  keeping  COPD  under  control  is  of  great  importance.  It  is  of  utmost
importance that COPD cases do not catch COVID-19 during the pandemic period,
because both smoking and COPD will cause a more severe disease. Patients with
COPD should not disrupt their ongoing treatment, and medical assistance should
be sought, as a new change (change in sputum amount or character, flank pain,
fever, increase in shortness of breath) will indicate COPD-AA.

OBESITY AND COVID-19

Obesity  is  known  to  be  closely  related  to  immunity.  Chronic  inflammation  is
considered to persist in adipose (fatty) tissue in obese individuals.

Obesity increases susceptibility to infections in a large manner. In addition, as a
result  of  chronic  adipose  tissue  inflammation,  hypertension,  cardiovascular
diseases,  and  dyslipidemias  are  more  common  in  obese  people,  each  of  which
boost the risks independently in regard to COVID-19.
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What could be its Mechanism?

It  has  been  observed  that  ACE2  receptors  are  also  present  in  adipose  tissue.
Therefore,  ACE2  is  more  abundant  in  obese  people.  Since  COVID-19  is  the
gateway  to  the  cell,  it  is  thought  to  increase  susceptibility  to  disease.

It  is  also  thought  that  adipose  tissue  plays  a  reservoir  role  for  many
microorganisms  such  as  influenza  viruses,  adenoviruses,  HIV,  CMV.  This
phenomenon also suggests that SARS-CoV-2 first settles in the adipose tissue and
then spreads throughout the body (Bourgeois, 2019; Kassir, 2020).

Numerical Data showing the Relationship between Obesity and COVID-19

According  to  the  data  announced  by  CDC  in  April  2020  regarding  patients
hospitalized  in  the  USA  with  the  diagnosis  of  COVID-19,  the  most  common
comorbidities  detected  in  patients  are  hypertension  (49%)  and  obesity  (48%)
(Garg,  2020).

Among  patients  with  COVID-19,  those  with  critical  illness  have  higher  BMI
values among the entire patient group (Peng, 2020). Mean BMI value of critical
patients  is  25.5,  vs.  22  kg  /  m2  for  the  whole  group.  Perhaps  an  even  more
interesting finding is that 88% of the patients who died of COVID-19 have a BMI
above 25. The same rate is 19% in survivors (p <0.001).

In France, almost half (47.6%) of patients hospitalized in ICU with COVID-19
have a BMI of> 30 kg / m2,  and 28.2% of them> 35 kg / m2  (Simonnet, 2020).
This  clearly  shows  that  obesity  is  a  risk  factor  that  increases  the  severity  of
COVID-19.  Likewise,  Petrilli  et  al  analyzed  5279  patients  in  New  York  via  a
retrospective cohort study and reported that obesity is the strongest predictor for
critical illness (Petrilli, 2020).

It is also known that obesity increases the coagulation tendency (Movahed, 2019).
Thrombosis has been directly associated with deaths in COVID-19 patients.

Finally, obese individuals experience some technical difficulties such as imaging
and  equipment  problems  like  stretchers,  which  can  impair  their  management
processes  (Ryan,  2020,  Uppot,  2018).

Mechanisms of The impact of Obesity on COVID-19

There  are  numerous  different  mechanisms  via  which  COVID-19  affect  the
outcome  of  the  patients  with  the  disease  (Korakas,  2020)  (Fig.  1).
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Fig. (1).  Mechanisms by which obesity causes critical illness.

The Relationship Between Critical Illness and Obesity:

In the large and consecutive case series Suleyman et al. published in Detroit, it
has  been  reported  that  being  over  60  years  old,  male,  HT,  DM,  CRF,  severe
obesity (BMI> = 40) and cancer are independent risk factors for admission to ICU
(Suleyman, 2020). While the average BMI is 31 for those who were discharged, it
is 33.6 for those who were hospitalized (p = 0.01).

In  a  systematic  review  and  meta-analysis,  Yang  et  al.  reported  that  severe
COVID-19 patients have higher BMI than non-severe ones (WMD=2.67, 95% CI
[1.52-3.82]); COVID-19 patients with obesity were more severe and have a worse
outcome than those without (OR=2.31, 95% CI [1.3-4.12]) (Yang, 2020).

Respiratory failure developed in 74% of those hospitalized in the ICU and MV
was required in 81%. Most of the patients (62.5%) who underwent MV although
they were younger than 40 years of age had severe obesity, and this rate was 26%
in those who did not. Among the patients with CVD diagnosed with COVID-19,
BMI is significantly higher (25.5 kg / m2 and 22 kg / m2) (p = 0.003) in the critical
group with a severe clinical course (Peng et al, 2020). Similarly, BMI was found
to  be  higher  in  patients  who  died  than  those  who  survived.  The  percentage  of
patients  with  BMI>  25  kg  /  m2  was  88%  in  those  who  died,  while  19%  in
survivors  (p  <0.001).
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So, what shall we do? Metabolic variables should be considered in predicting the
course and prognosis of COVID-19 in conjunction with classical markers such as
SOFA,  d-dimer,  and  inflammatory  markers  (Stefan,  2020).  These  variables  are
waist and hip circumference, BMI, glucose, and insulin levels.

It has been suggested that obese individuals lose weight and struggle with obesity
via  other  methods.  This  issue  should  be  emphasized  for  the  public  as  a  whole
during the pandemic period (Rychter, 2020).

In summary, we recommend that obese individuals be given a special importance
and priority in screening for the COVID-19 pandemic. Specialized training should
be provided for the treatments to be given to obese individuals in critical care, and
equipment preparation (such as obese stretcher, discrete tomography unit) should
be  arranged.  It  should  be  emphasized  that  the  public  awareness  and  struggle
against  obesity  will  mitigate  the  burden  from  viral  and  other  diseases.

DIABETES AND COVID-19

The  fact  that  diabetics,  whose  prevalence  is  between  8%  and  10%  in  the
population  under  normal  conditions,  constitute  20%  to  34%  of  the  patients
hospitalized in intensive care units shows that it is an important problem of public
health (Garg 2020, Goyal 2020, Sardu, 2020).

In the SARS epidemic in 2002, it was noted that the mortality and morbidity of
patients  with  diabetes  were  significantly  higher  than  of  nondiabetics  (Yang,
2006). In the same study, it has been shown that high levels of blood sugar also
pose  a  risk.  Diabetes  is  second  only  to  hypertension  as  the  most  common
comorbid  disease  encountered  in  individuals  with  COVID-19.

It  has  been  reported  that  patients  with  diabetic  patients  with  COVID-19  are  at
high risk for severe pneumonia even in the absence of other comorbid diseases.
Guo et al.  reported that both severity of pneumonia and inflammatory markers,
IL-6, ferritin, CRP, D-dimer, were also high in diabetics (Guo, 2020). Therefore,
it  can  be  postulated  that  diabetes  imposes  a  high  risk  for  severe  disease
independent  of  all  other  factors.

The risk of ICU admission and morality risk was evaluated in diabetic COVID-19
patients compared to the others (Roncon, 2020). A total of 1382 patients (mean
age  51.5  years,  58%  males),  DM  represented  the  second  more  frequent
comorbidities  after  arterial  HT.  Diabetic  patients  resulted  to  have  a  significant
increased risk of ICU admission (OR: 2.79, 95% CI 1.85–4.22, p < 0.0001, I2 =
46%), and a higher mortality risk (OR 3.21, 95% CI 1.82–5.64, p < 0.0001, I2 =
16%)
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When 22,254 patients who underwent PCR tests in NYC between March 5 and
April 9 were analyzed, DM was recorded in 33%, HT in 37%, CVD in 24%, and
CRF in 11% (Kalyanaraman Marcello, 2020). Male gender, advanced age, history
of heart disease, presence of DM or CRF are risk factors for both test positivity
and death.

Diabetic  individuals  with  COVID  have  a  much  higher  rate  of  cardiovascular
disease than other  patients  with COVID (33% versus  15%) and give less  fever
response  (59%  versus  83%)  (Guo,  2020).  Age  and  gender  distributions  and
mortality  rates  have  been  found  similar  in  this  study.

Many  laboratory  markers  such  as  ALT  and  LDH  were  found  to  be  higher  in
people with diabetes than nondiabetics. Absolute neutrophil count, CRP, D-dimer
are  also  markedly  high.  Lymphocyte  count,  erythrocyte  and  hemoglobin  levels
were found to be significantly lower in diabetic patients. All these data show that
diabetics are at higher risk for excessive and uncontrolled inflammatory response
and hypercoagulability.

In a Diabetic Patient Hospitalized in The COVID-19 Process, There will be 5
Essential Steps of Management

Assessment and stabilization in terms of COVID-19.1.
Fluid  therapy;  monitoring  and  management  of  electrolytes  such  as  sodium,2.
potassium, and phosphate.
Monitoring  and  regulation  of  blood  sugar,  insulin  regimen,  prevention  of3.
hypoglycemia.
Management of complications and additional problems related to diabetes and4.
COVID-19: Kidney failure, pneumonia, ARDS and fever.
Managing  the  impact  of  COVID-19  itself  and  hydroxychloroquine  and5.
glucocorticoids used in the treatment on blood sugar.

In  addition,  metformin,  which  is  routinely  used  in  the  treatment  of  diabetes,
should  be  discontinued  in  severe  COVID-19  cases  with  respiratory  problems
because  it  can  cause  acid-base  disorders.

It is known that morbidity and mortality decrease in cases of SARS and COVID-
19 by performing on-site blood sugar management (Sardu, 2020, Yang, 2006).

Notes on treatment: It should be known that the usual insulin requirements will
increase in the diabetes management of COVID-19 cases and the ‘usual’  doses
will not be sufficient. On the other hand, patients with increased risk of kidney
damage  due  to  COVID-19  are  at  higher  risk  if  they  have  diabetes  as  a
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comorbidity. As CRF will reduce the breakdown of insulin from the kidney, the
blood insulin level may rise and paves the way for hypoglycemia.

Due  to  the  disadvantages  of  insulin  administration  with  continuous  infusion,
methods of diminishing insulin treatments have been investigated in recent years.
For  example,  “continuous  glucose  monitoring”  (CGM)  devices  have  been
developed (Korytkowski, 2020). These will also reduce the close contact between
the healthcare worker and the patient during the COVID-19 process.

Although  intravenous  (IV)  insulin  administration  seems  to  be  standard  in
critically  ill  patients  against  hyperglycemia,  some  centers  may  also  offer
subcutaneous  (SC)  treatments  (Aggarwal,  2020).

In fact, the essence of the matter is to formulate a regimen and strategy fitting best
to the individual and the situation, taking into account many variables such as the
patient's  ability  to  be  fed  orally  or  enterally,  the  severity  of  the  COVID-19  or
other infection, basal metabolic status, and additional diseases.

CANCER AND COVID-19

It has been suggested that patients with cancer have a higher risk of inflicted by
COVID-19  and  complications  are  older  and  have  immunodeficiency  more
commonly than the others (Liang 2020, Al-Shamsi, 2020). Yu et al. reported from
Wuhan  that  cancer  patients  are  at  twice  the  risk  of  contracting  COVID-19
compared  to  the  general  population  (Yu,  2020).

What about the other deadly viruses? In the H1N1 pandemic, it was reported
that two-thirds of cancer patients had pneumonia and their 30-day mortality was
18.5% (Dignani, 2014).

Why are Cancer Patients More Disadvantaged in Terms of COVID-19?

For three reasons:

Cancer  itself  breaks  the  strength  of  the  immune  system  and  causes1.
predisposition to all infections, including COVID-19.
Treatments against cancer, especially chemotherapy, are immunosuppressive.2.
Emergent or mandatory operations also impair the immunity.
For the same reasons, these patients experience COVID-19 more severely as3.
they do all  infections,  and they have a  higher  risk  with  regard to  intubation,
ICU admission and death.
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In  addition,  urgent  or  emergent  hospital  visits  (such  as  port  insertion,
radiotherapy, PET CT, medication renewal, consultations, etc.), which are more
common for cancer patients than others, also predispose patients to be infected by
COVID-19.

Cancer  has  been  reported  to  be  associated  with  severe  disease.  In  a  large
series, it was reported that the rate of critical illness, mechanical ventilation, and
ICU admission was 8% in other patients and 39% in patients with cancer. (Liang,
2020). In a series of 355 patients who died of COVID-19 in Italy, 20% of them
were found to be diagnosed with cancer, and since this is a remarkably high rate
compared to the society, cancer was thought to pose a high risk for death (Onder,
2020).

“WHO — China Joint Mission on COVID-19”  reported that among COVID-19
patients in China, the death rate of patients with cancer diagnosed previously was
7.6%, while patients without comorbidities died at a rate of 1.4% (Report of the
WHO  –  China  Joint  Mission  on  Coronavirus  Disease  2019  (COVID-19).
Available  at  https://www.Who.Int/docs/default-source/).

Are There any More Special Risk Groups among People with Cancer?

Yes.  When  COVID-19  is  diagnosed,  those  who  received  chemotherapy  or
underwent surgery in the previous 1 month have a much higher risk of suffering
from severe disease than other cancer cases (3/4 versus 6/14) (Liang, 2020). These
groups should definitely be given a priority and should be quarantined regardless
of their age.

Can  Cancer  be  Diagnosed  During  The  Pandemic  Period,  and  can
Interventions be Performed as Before?

Both yes and no.  Since the earlier  the cancer  diagnosis  is  made,  the higher the
survival  expectancy,  diagnostic  interventions  should  be  performed  as  soon  as
possible,  diagnosis  should  be  established  with  procedures  such  as  PET  CT,
biopsy,  MRI,  and  endoscopy,  and  treatment  options  should  be  evaluated.
However,  on the  other  hand,  the  fear  of  catching COVID-19 can keep patients
away  from  hospitals.  While  this  is  understandable  to  a  certain  extent,  the
individual risks of being late must be well balanced with the risks of COVID-19.
As  a  result,  although  necessary  precautions  are  taken  against  COVID-19,  it  is
obvious  that  it  would  be  more  correct  not  to  delay  attempts  for  expedient
diagnosis.

https://www.Who.Int/docs/default-source/
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Are there Specific Difficulties in Diagnostic Interventions for COVID-19?

Yes.  For  example,  many signs  and symptoms such as  loss  of  appetite,  muscle-
joint pain, and weakness are commonly encountered in cancer patients.  Cough,
which  is  a  sign  of  COVID-19,  can  be  easily  missed  because  cough  is  almost
continuous in patients with larynx and lung cancer. There is a similar situation for
shortness of breath.  Therefore,  the physician should evaluate the patient with a
more careful history and examination. A decrease in lymphocyte count in blood
count  (lymphopenia)  is  an  important  finding,  but  lymphopenia  can  already  be
seen in cancer patients with the effect of chemotherapy or direct suppression of
the  production  of  the  blood  cells  by  cancer.  As  a  rule,  COVID-19  findings  on
chest tomography do not masquerade as cancer findings, although there may be
some confusing issues.

Are  There  Specific  Difficulties  for  Cancer  Patients  Regarding  Care  and
Treatment?

Unfortunately,  yes.  Those  with  cancer  constitute  one  of  the  most  vulnerable
groups when resources are limited and certain equipment and resources needed
for treatment and care are not sufficient. This has previously been experienced in
influenza  pandemics  (Battershill,  2006).  The  lack  of  a  particular  drug  or
equipment  will  be  life-threatening  in  patients  receiving  certain  treatment
regimens, especially when alternative agents cannot be preferred, (Alpert, 2019).
It is estimated that COVID-19 may also cause difficulties in medical equipment
and pharmaceuticals as in past epidemics (Al-Shamsi, 2020). There are 26 cancer
drugs on the FDA's drug list published on 21 March 2020 as in a ‘shortage’ (US
Food  &  Drug  Administration;  FDA  drug  shortages.  Available  at
https://www.accessdata.fda.gov/scripts/drugshortages/default.cfm.  Accessed
March  21,  2020).

Is  there  any  Difference  Regarding  the  Psychological  Conditions  of  Cancer
Patients in this Period?

Yes.  Under  pandemic  conditions,  the  already  fragile  social  support  and
psychological  conditions  of  cancer  patients  will  be  more  handicapped.  Getting
support from family and caregivers will be difficult due to reasons such as curfew
restrictions and anxiety about getting sick. In addition to being older than other
people and having comorbidities, they will be more concerned with the awareness
that cancer poses a risk in itself.

https://www.accessdata.fda.gov/scripts/drugshortages/default.cfm
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THE  RISK  OF  REACTIVE  OR  MAJOR  DEPRESSION  WILL  BE
FURTHER INCREASED

Additional  support  should  be  obtained  for  all  these  risks.  Taking  advantage  of
technology, forming special chat groups etc. or other means of counseling other
people can also be viable options for a more effective communication.

What are the General Messages?

Basically,  the  criteria  used  in  making  decisions  such  as  hospitalization,●

discharge, intensive care, or operation do not change. For example, in a patient
who has obstruction due to bowel cancer, the emergency operation decision does
not change due to the pandemic.
Necessary diagnosis and treatment attempts should not be delayed as much as●

possible, measures should be taken against COVID-19 and interventions should
be performed as warranted.
In pandemic period, access to environments with a high risk of infection should●

be  minimized,  for  example,  many  oncology  appointments  can  be  undertaken
remotely without going to the hospital.
Under  certain  circumstances,  some  non-vital  interventions  such  as  adjuvant●

chemotherapy may be postponed after the pandemic.
Decisions  such  as  surgical  intervention  and  hospitalization  may  result  in●

different directions in pandemic conditions. The physician and the patient should
discuss these openly and make a decision.
Attention should be paid to the social support and psychological conditions of●

cancer patients and additional support should be obtained.
Finally, education of cancer cases should be carried out with much more open●

and close communication in terms of strict adherence to measures such as hand
hygiene, physical distance, and masks. For example, it should be stated that the
surgical  mask  may  not  be  enough  when  it  has  to  go  outside,  additional
protection measures such as a face shield may be required, and the need for them
to  minimize  their  time  outside.  In  order  to  minimize  the  possibility  of
malpractice and to protect the patient's health at the highest level, it should be
recorded  that  these  points  are  followed,  and  the  patient's  treatment  options
should  be  evaluated  in  accord  with  this  communication.

RENAL FAILURE (RF), ACUTE KIDNEY INJURY (AKI) AND COVID-19

In the six-week period between 11 March 2020 and 26 April  2020, Montefiore
Medical  Center  (MMC)  in  Bronx,  New  York,  diagnosed  3345  patients  with
COVID-19 (Sourial, 2020). 13.1% of the patients were hospitalized in ICU. While
renal replacement therapy (RRT) was required at a rate of 0.9% in similar patients
in the previous years, RRT was performed in around 5% (n = 164) of COVID-19
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cases  in  this  group.  For  this  reason,  since  routine  hemodialysis  devices  are
available, emergency peritoneal dialysis (EPD) option has been introduced. As a
result, the authors reported that EPD can be used effectively for patients with RF
and  AKI  for  RRT,  and  that  this  is  an  important  option  in  conditions  where
resources  such  as  the  COVID-19  pandemic  are  suboptimal.

Similarly, RF and AKI have been associated with mortality in COVID-19 patients
in  some  other  studies,  too.  In  the  study  by  Zhou  et  al.,  who  investigated  the
factors  affecting  mortality,  it  was  found  that  high  creatinine  significantly
increased  mortality  (Zhou  S,  2020).  While  the  proportion  of  patients  with
creatinine level above 133 micromol / L was 2% in survivors, it was 9% among
patients who died (P = 0.045). While the diagnosis of AKI was established in 15%
in the whole group, it was reported as 50% in the deaths and 1% in the survivors
(p  <0.0001).  Parallel  to  this,  RRT was  performed at  a  rate  of  5% in  the  whole
group, but this rate was found to be 19% in the deceased and “0” in the survivors
(p <0.0001).  Another  remarkable information is  that  the average time from the
onset of the disease to the development of AKI is 15 days

Cornerstones of evolution of signs and symptoms and clinical follow-up from the
onset of the disease in two hospitals in Wuhan (Zhou F, 2020, Lancet) revealed
that acute kidney injury and cardiac damage are triggered in a similar timeframe
(mean  15th  day),  and  the  development  of  secondary  infection  follows  this  in
around one or two days. Accordingly, death occurs on an average of 19 days.

Mechanism:  It  is  thought  that  AKI  occurs  during  the  period  called  “cytokine
storm”  when  overt  complaints  and  symptoms  such  as  fever,  muscle  aches,
respiratory  distress,  are  seen  in  a  fluctuating  course  and  inflammatory  markers
increased sharply.

LUNG-KIDNEY  AXIS  (LKA):  A  NEW  PATHWAY  FOR  KIDNEY
DAMAGE?

Some  studies  highlighted  the  relationship  between  pulmonary,  (alveolar)  and
renal tubular injury, which was termed LKA, especially in patients with ARDS.
Before the pandemic period, 357 patients with ARDS (without previous kidney
disease) were analyzed in a retrospective study from Cleveland, USA (Panitchote,
2019). The authors pointed out that pneumonia was the cause of ARDS in 83% of
patients, and 68% of patients developed AKI. Elderly patients, those with severe
disease,  DM,  and  acidosis  were  more  likely  to  develop  AKI  in  patients  with
ARDS.  Furthermore,  severity  of  AKI  was  linked  with  BMI,  heart  failure,  and
peak  airway  pressure.  Table  5  summarizes  systemic  and  cytokine-related
triggering  factors  for  AKI  induced  by  COVID-19.
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Table 5. Mechanisms and treatment recommendations with special regard to COVID-19.

Mechanism of Action How Was AKI
Induced?

Treatment Recommendations

Systemic
effects

fluid overload Renal compartment
syndrome

ultrafiltration and diuresis

Endothelial injury, fluid
deficits and hypotension

Renal hypoperfusion Vasoconstrictors, fluid replacement

Rhabdomyolysis Tubular toxicity continuous kidney replacement therapy

Endotoxins Sepsis-induced renal
injury

Endotoxin removal using polysterene
fibres functionalized with polymyxin-B

Cytokine
storm

Cytokine release
syndrome

Direct cytokine injury Cytokine removal: direct
haemoperfusion; plasma adsorption on
resin; high-dose continuous kidney
replacement therapy

CONCLUSION

Comorbid diseases and habits including smoking, COPD, coronary artery disease,
heart  failure,  cancer,  kidney  and  liver  failure,  and  obesity  are  linked  with
mortality. Therefore, prevention and management of comorbid diseases should be
emphasized both in training of medical community and also the public to improve
the clinical course, morbidity and mortality secondary to COVID-19.
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CHAPTER 4

Risks  and  Losses  of  Healthcare  Workers  in  the
Pandemic Era

Abstract: The rapid spread of the disease has strained the health system and increased
the risk of infection on healthcare workers (HCW). HCW is the group with the highest
risk  of  transmission  among  all  professions.  Within  COVID-19  deaths,  HCW  is
overrepresented when compared to all other groups. The prevalence of the disease in
the  general  population  maintains  a  certain  correlation  with  the  prevalence  in  HCW.
Resuscitative interventions and airway procedures that trigger aerosolization pose the
greatest  risk  for  disease  transmission  to  HCW.  Therefore,  the  use  of  PPE  is  vital.
Proper training and education of HCW are invaluable in this pandemic era. Since the
viral load taken in these procedures is higher than the contamination outdoors, it can be
thought that the disease progresses more severe ly in the HCW than the others. In case
of all viral outbreaks, hospitals should prepare and follow strict guidelines regarding
ventilation of the workplaces and contact precautions.

Keywords:  Aerosolization,  COVID-19,  Healthcare  professionals,  Healthcare
workers,  Nosocomial  spread,  Outbreak,  Pandemic,  Transmission.

COVID-19  disease  caused  by  SARS-COV-2  has  a  clinical  course  with  severe
Acute Respiratory Distress Syndrome (ARDS) in a group of patients, which is a
global health problem we face since December 2019 . As of September, there are
more  than  28  million  patients  documented  in  the  world,  more  than  900,000
deaths, and almost a 4% fatality rate. The rapid spread of the disease has strained
the  health  system  and  increased  the  risk  of  infection  on  healthcare  workers
(HCW)  (Wei  et  al.,  2020).

Pearl:  HCW is the group with the highest risk of transmission among all
professions.  Within  COVID-19  deaths,  HCW  is  overrepresented  when
compared  to  all  other  groups.

It has been reported that 3.5% to 20% of HCW is infected, with a mortality rate of
0.53% to 1.94% (Jennifer, 2020). In line with the data collected from all  over  the
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world, the number of HCW that died due to COVID-19 as of July 1 has reached
1800 people from 64 countries. In Turkey, the number of physicians who died of
COVID-19 until August 2020 reached 27, while 53 HCW died in total.

The  prevalence  of  the  disease  in  the  general  population  maintains  a  certain
correlation with the prevalence in HCW. Dates are based on the symptom onset
day.

COVID-19  is  generally  transmitted  by  direct  contact  or  droplets.  With  actions
such  as  coughing,  sneezing,  intubation,  tracheostomy,  cardiopulmonary
resuscitation (CPR), aerosols may be spread into the air and cause contamination.

PHENOMENA  PROVEN  TO  INCREASE  THE  RISK  OF  COVID-19
TRANSMISSION IN HCW

Working under extreme workload and stress.●

Inadequate free time for rest, impairment of sleep quality.●

Working in high-risk units such as ED, ICU, and wards, including patients with●

infections.
Lack of adaptation to working conditions.●

Inability to apply flexible working hours.●

Being unable to get paid sick leave.●

Lack of reserve employees.●

Work  and  environmental  factors  (ambient  temperature,  low  air  quality,  noise●

etc.)

Based  on  these  risks,  strict  protective  measures  should  be  pursued  for  HCW,
especially ICU and ED, during all kinds of contacts with the patient, especially
procedures  such  as  CPR.  Intubation  boxes  could  be  used  during  medical
procedures  concerning  aerosol  release.  PPE  (gloves,  apron,  protective  glasses,
face  shields,  surgical  mask,  FFP3  mask)  should  be  used  in  contact  with  the
patient. Hand and respiratory hygiene should be provided. Staff should be trained
on PPE selection and use. HCW should act assuming all patients are infected by
COVID-19,  especially  in  endemic  regions  for  the  disease.  In  case  of  a  viral
outbreak,  hospitals  should  prepare  and  follow  strict  guidelines  regarding
ventilation  of  the  workplaces  and  contact  precautions.

Is COVID-19 Risky for HCW?

The COVID-19 pandemic increases the risk of  physical  illness,  mental  trauma,
and  death  for  all  HCWs.  It  should  be  ensured  that  HCW  operates  in  safe
environments.  Protecting  HCWs  should  be  the  priority  of  the  public  authority.
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The group defined as HCW is physicians, nurses and those who work in ancillary
services (such as document recording, archive, human resources, cleaning) in the
hospital. The riskier groups among HCW are those working in intensive care, ED,
infection, and internal medicine clinics, who are in close contact with the patient,
family physicians in primary care, and the nurses in these units.

In a case series of 138 patients hospitalized for COVID-19 pneumonia in Wuhan,
China,  hospital-acquired  (nosocomial)  infections  were  found  responsible  for
41.3%  of  all  COVID-19  transmissions.  In  the  same  study,  29%  (n:  40)  of  the
patients hospitalized due to COVID-19 pneumonia are HCW (Wang et al, 2020).

SARS-COV2  can  travel  long  distances  as  aerosol  droplets  smaller  than  5  µm.
Depending on the ambient conditions, they can fly in the air for 2-4 hours. Human
coronavirus can survive up to 5 days at 22-25 ° C, while the humidity is 40-50%
in inanimate objects.

It has been reported that SARS COV2 can stay alive for up to 9 days on certain
surfaces  at  room  temperature.  In  an  experimental  study,  it  was  observed  that
SARS COV2 has a viability of 72 hours on plastic surfaces, 48 hours on stainless
steel and 8 hours on copper (COVID-19: Guidance for infection prevention and
control in healthcare settings. Version 1.0).

How much Risk COVID-19 Impose on HCW?

The data on the number and distribution of infected HCW are very limited in the
world. In line with the data obtained from 30 countries, it is stated that an average
of  6% (between 0 to  18%) of  all  confirmed COVID-19 cases  are  HCW. When
calculated over 3.5 million cases, International Council of Nurses calculated that
210 thousand HCWs are infected, in the first period of the pandemic (ICN 2020-
International Council of Nurses). When we extrapolate this hypothesis to August
2020, there should be almost a million HCW among 23 million inflicted cases.
For example, 20% of HCWs have been infected in Italy (Godderis et al, 2020).

HEADLINES FROM VARIOUS COUNTRIES

On February 11, 2020, 1716 HCWs were diagnosed with COVID 19 according●

to the records of the Chinese disease control and prevention center (Wei et al,
2020).
19% of the patients with occupational records in the USA are HCW. Only 8 to●

10% of these cases were hospitalized (CDC - MMWR, 2020).
According to data from the Brazilian Ministry of Health, as of 6 August 2020, at●
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least  232,992  HCW  were  diagnosed  with  COVID-19,  196  of  which  died
(https://www.voanews.com/covid-19-pandemic/icrc-essential-workers-brazil-
face-high-risk-coronavirus-fight).
As of July 2020, 7.985 HCW have been diagnosed with COVID-19 in Ukraine●

(https://qha.com.tr/haberler/ukrayna-da-koronavirus-durumu-yaklasik-
8-bin-saglik-calisani-kovid-19-a-caught/226251/).
Since  February,  138  HCW  have  ‘officially’  died  in  Iran  due  to  COVID-19●

(https://www.haber7.com/dunya/haber/2997333-koronaviruste-son-dak-
ka-development-brazya-meksika-ve-ndistanda-olu-sayisi-artista/?detail=2).
In accord with the data collected by Medscape from 64 countries, the number of●

HCW who lost their lives due to COVID-19 reached 1800 people as of July 1
(https://www.medscape.com/viewarticle/927976).

As of September 2020, Americas, India, Russia, South Africa and some parts
of Europe and Asia had substantial  rates of HCW killed or injured by the
COVID-19.

In a study conducted to analyze the personnel and environmental protection status
of an advanced medical center in Wuhan, Zhang et al.  reported that No SARS-
CoV-2  RNA  was  detected  in  48  air  and  environmental  samples  after  regular
disinfection  and  cleaning  (Zhang  et  al,  2020).

Before  the  COVID-19  outbreak,  82.64%  of  the  HCWs  had  already  known  the
proper  procedure  of  wearing  masks  and  other  personal  protective  equipment
(PPE).  Of  note,  99.8%  of  634  participants  entering  the  inpatient  areas  have
undergone occupational protection trainings. 7.8% experienced different types of
occupational  exposure,  which  mainly  caused  by  the  damage  of  PPE.  In
conclusion,  a  ‘bundle  approach’  including  intensive  training,  strengthened
personal  protection,  strict  environmental  disinfection  and  timely  remedial
measures for occupational exposure had ensured the safety of the HCW (Zhang et
al, 2020).

THE SITUATION IN TURKEY

The  Turkish  Medical  Association  (TMA)  has  accessed  and  evaluated  the
information of 902 HCW with COVID-19 via online forms. Of those, 77.8% had
been employed in  hospitals,  18.2% in primary care  institutions (mainly Family
Health Centers), 2.4% in administrative units and 1.4% in cleaning works. 13.4%
of those diagnosed with COVID-19 are employees of  internal  medicine and its
sub-branches, 9.3% ED, 7.0% were working in chest diseases, 5.0% in operating
rooms and ICU and 1.9% of them in laboratories.
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https://qha.com.tr/haberler/ukrayna-da-koronavirus-durumu-yaklasik-8-bin-saglik-calisani-kovid-19-a-caught/226251/
https://qha.com.tr/haberler/ukrayna-da-koronavirus-durumu-yaklasik-8-bin-saglik-calisani-kovid-19-a-caught/226251/
https://www.haber7.com/dunya/haber/2997333-koronaviruste-son-dakika-development-brazya-meksika-ve-ndistanda-olu-sayisi-artista/?detail=2
https://www.haber7.com/dunya/haber/2997333-koronaviruste-son-dakika-development-brazya-meksika-ve-ndistanda-olu-sayisi-artista/?detail=2
https://www.medscape.com/viewarticle/927976
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Turkish Minister of Health, Dr. Fahrettin Koca announced that on April 29, 2020,
COVID-19  infection  was  identified  in  7428  HCW.  On  June  1,  the  TMA's
Monitoring Board for COVID-19 shared with Human Rights Watch (HRW) that
up  to  11,000  HCWs  were  also  infected  by  COVID-19  (https://www.hrw.org/tr
/news/2020/06/09/375368).

In  Turkey,  the  number  of  physicians  died  of  COVID-19  till  September  2020
reached  to  28,  while  HCWs  were  55  (https://www.ttb.org.tr/kollar/covıd19
/haber_goster.php?guid=80783f90-  d651-11ea-9c50-7fbe39e4ca48)  .

SITUATIONS INCREASING THE RISK OF INFECTION TO HCW

Analyzing 118 COVID-19-infected HCWs in Wuhan, China, Bai et al. reported
that a large proportion of cases were on night shifts (75% vs. 40% in non-infected
HCWs) stated that they had been working too much and under pressure (67% vs.
32% in non-infected HCWs) (Bai, 2020).

Furthermore, the researchers applied the Pittsburgh Sleep Quality Index (PSQI)
and  The  Nurse  Stress  Index  (NSI)  and  found  that  higher  scores  on  both  scales
increased the likelihood of being infected with COVID-19.  In brief,  poor sleep
quality and working under stress boosted the risk of COVID-19. Mean shift time
during  which  personal  protective  equipment  (PPE)  is  used  without  breaks  is
calculated  as  4  hours  for  both  doctors  and  nurses.  Adverse  effects  (80%) were
reported  as  temperature  (51%),  thirst  (47%),  pressure  areas  (44%),  headache
28%), inability to use a bath (27%) and burnout (20%). All of these effects have
been associated with the shift  times in which PPE had to be used (Tabah et al,
2020).

Close  and  protracted  contact  with  a  patient  with  COVID-19  includes  these
procedures:

Taking a sample from the respiratory tract (throat swab) ●

Intubation ●

Aspiration of airway secretions ●

Non-invasive ventilation ●

High-flow oxygen therapy ●

CPR ●

Nebulizer use ●

Endoscopic procedures ●

Bronchoscopy ●

Videolaryngoscopy ●

https://www.hrw.org/tr/news/2020/06/09/375368
https://www.hrw.org/tr/news/2020/06/09/375368
https://www.ttb.org.tr/kollar/cov
https://www.ttb.org.tr/kollar/cov
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Dental procedures ●

Oral ENT and ophthalmological examination ●

Insertion of central catheters ●

Resuscitative  interventions  pose  the  greatest  risk  for  disease  transmission  to
HCW.  Therefore,  the  use  of  PPE  is  vital.  Since  the  viral  load  taken  in  these
procedures is higher than the contamination outdoors, it can be thought that the
disease progresses more severe in the HCW than the others.

Findings

14  HCW  who  contacted  two  patients  hospitalized  in  Neurosurgery  Clinic  in
Wuhan without knowing that they had COVID-19 were analyzed and published.
Mean age of these cases was 36, and 10 (28%) of them were women. The most
common  complaints  were  muscle  pain,  weakness/fatigue,  fever,  and  cough
(between 100% and 71%). The frequency of diarrhea was 64% at the beginning
and  gradually  decreased.  In  the  initial  workup,  79%  had  leukopenia  and  43%
lymphopenia, and bilateral ground glass opacities were noted in 86% in chest CT
(Wei, 2020).

Precautions and Measures

Based  on  the  risks,  HCW  should  take  the  highest  possible  precautions  in  all
contacts with the patient, especially procedures such as CPR. Being informed on
the  degree  of  environmental  contamination  of  SARS-CoV-2  is  important  in
improving  safety  practices  for  HCW.

In the study conducted by Guo et al. In Wuhan, China, it was found that the virus
was  widely  distributed  on  floors,  computer  mice,  trash  cans  and  hospital  bed
railings,  and  it  was  found  in  the  air  around  4  m  away  from  the  patients.  The
highest  positivity rates are in order,  computer  mice,  garbage cans,  hospital  bed
handrails, doorknobs. According to the results of the study, it was determined that
there  was  more  contamination  in  ICU  compared  to  wards.  Therefore,  more
stringent protective measures should be taken by the HCW staffed in the ICU.

Half of the samples taken from shoe soles of HCW in ICU were tested positive.
Therefore, medical personnel shoe soles can act as carriers. Before leaving units
containing COVID-19 patients, it is important for people to disinfect their shoe
soles.

The efficiency of plastic box barriers to protect HCWs during medical procedures
related to aerosol dispersion have been investigated. It has been noted that these



60   Demystifying COVID-19 Ozgur KARCIOGLU

barriers are more effective in preventing the spread than conventional approaches.
Intubation boxes, which surround the patient's head and have two holes used by
the  intubating  person  to  put  in  arms,  are  one  of  the  methods  to  prevent
aerosolization  (Figs.  1  A  &  B).  In  cough  and  droplet  simulation  studies  with
fluorescent dyes, it was observed that the laryngoscopist reduced the spread to the
gloves and arms (Jazuli et al, 2020).

Fig.  (1A  &  1B).   Intubation  boxes,  which  surround  the  patient's  head  and  have  two  holes  used  by  the
intubating  person  to  put  in  arms,  are  methods  to  prevent  aerosolization  (https://litfl.com/should-we-use-
an-aerosol-box-for-intubation/).

Sporadic  positive  results  were  obtained  from  the  gloves  and  sleeves  of  the
medical personnel. This shows that HCW should apply hand hygiene immediately
after any contact with the patients.

Staff  should  be  trained  on  PPE  selection  and  use.  In  case  of  a  viral  outbreak,
hospitals should prepare and follow strict guidelines regarding ventilation of the
workplaces and contact precautions.

Personal Protective Equipment

Gloves and aprons1.
Eye protection: Birshoff et al. were the first to report the intraocular spread of2.
influenza  virus.  This  trend  has  also  been  found  for  the  current  COVID  19
pandemics. Despite all the protective clothing and N95 mask, one of the experts
was found to be infected. The initial finding was unilateral conjunctivitis. For
this reason, protective glasses and face shields are recommended.
Masks  and  respirators:  Surgical  masks  are  liquid  resistant.  They  filter3.
particles, droplets, and bacteria. Since they are not designed with a tight sealing
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feature, they allow unfiltered air to enter from the edges. They do not have the
ability to filter very small particles. They do not provide respiratory protection.
They only prevent large droplets or infectious body fluids from passing directly
through the mucosal membrane of the mouth and nose. When worn by patients,
they reduce the amount and concentration of large infectious particles during
coughing,  sneezing,  and  talking,  reducing  the  risk  of  contamination  to  other
people. The failure rate of surgical masks has been reported to be 10% to 90%.
Gas masks: N95 masks and “Powered Air Purifying Respirators” (PAPR)4.

N95 masks: SARS-COV2 is recommended for HCW to work at a distance of less
than 2 meters to suspected patient. Birschoff et al. studied with influenza contact
models  and  reported  that  people  who  wear  N95  and  protective  goggles
experienced 90% effective protection. Studies on the long-term effectiveness of
N95 masks are limited and most of them are laboratory studies.

It  has been established that in the H1N1 pandemic, most of the HCW can only
tolerate the use of N95 for 8 to 12 hours. Furthermore, many HCWs are reluctant
to wear N95, use it in breaks and wear it continuously for a maximum of 4 hours.
N95 masks should be discarded when contaminated, damaged, or made it difficult
to breathe.

In highly suspected SARS-CoV-2 cases, N95 masks used should be disposable. It
has  been  reported  that  N95  masks  render  communication  difficult,  cause
excessive heat, pain and pressure on the face, headache, itching and burning in the
eyes,  cause  nausea,  dizziness,  concentration  difficulty,  and  impair  practice  of
procedures.

PAPR  (Powered  Air  Purifying  Respirators):  An  engine  powered  by  a  battery
filters the air  and distributes it  through the box with positive pressure from the
hood  or  face  piece.  Thanks  to  this  positive  pressure,  contaminated  air  outside
cannot enter. The most commonly used masks are filter face masks and PAPRs.
Respirators provide more effective protection than masks in aerosol dispersion. If
available, PAPRs should be used in high-risk procedures.

Compared to N95, PAPRs have a higher protection factor (APF 25). They filter
99.97%  of  the  0.3  m  particles  and  are  resistant  to  oil.  Long  term  use  is  more
comfortable than other devices, with no adaptation problem. It covers the entire
face and head. However, its cost is high.

The protective equipment recommendations in the SARS-CoV epidemic in 2003
and the recommendations for COVID-19 are slightly different. For SARS-COV in
2003, it was advocated that both masks and surgical masks had similar protection,
and  the  infection  reduction  rate  was  80%.  However,  while  N95  masks  are  not
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promoted for COVID-19 in the USA, FFP3 (BS EN 149.200 compliant) masks
are recommended.

After the processes that emit aerosol, the rooms must be ventilated mechanically
or naturally. Natural ventilation should be at least 6 air changes per hour, negative
ventilation should be 12 air changes per hour (COVID-19: Guidance for infection
prevention and control in healthcare settings. Version 1.0).

Sequence of Control Measures

Early evaluation and triage of cases●

Report the patients●

Fulfilling control measures●

Reserve a separate place for suspected or confirmed COVID-19 patients●

Training of staff, patient, and visitor in regard to standard infection control and●

transmission-based measures
Expediting measures to limit contamination●

Restricting visitor access●

Restrict symptomatic staff from working until they are fully recovered●

Development of planning and implementation strategies for overflow capacity●

Infection Protection and Control Measures

1) Standard infection control measures

2) Contagion-based measures

1. Standard Precautions

Patient evaluation and triage: COVID-19 patients should be evaluated anda.
isolated/separated from others immediately.
Hand hygiene: Before and after contact with the patient, after removing theb.
PPE, hand hygiene must be provided. If there is visible dirt and contamination
on the hands, hand washing with soapy water, if not, hand hygiene should be
provided with an alcohol-based hand disinfectant. Hand washing should take at
least  40-60  seconds  to  inactivate  the  virus.  Alcohol-based  hand  sanitizer
should  be  easily  accessible  to  all  personnel.
Respiratory and cough hygiene: Patients should use wipes during coughingc.
and sneezing and wear a liquid-resistant surgical face mask in closed areas.
PPE (Disposable gowns/clothes/gloves, goggles/face shields): All personneld.
should be trained about which PPE to use and where to get them.
Management of used clothes:  All dirty clothes should be left in the patiente.
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room or in the designated collection area, and the containers for clothes should
be in the easiest place to reach.
Personnel Uniforms and Clothes: These must be protected by wearing PPE.f.
There should be a  separate  designated dressing room for  HCW. Specialized
laundry services should be used for staff uniforms. If this cannot be achieved,
it  should  be  carried  home in  disposable  plastic  bags.  It  should  be  separated
from other laundry at home.
Management of bloodstain and bloody fluid splashes: Management variesg.
according  to  the  contaminated  material.  If  PPE is  contaminated  with  blood,
urine, vomit, faeces, or if it comes into contact with an infected patient, wipe it
with a disposable cloth / paper towel or detergent, rinse and dry. Chlorinated
disinfectant solution is applied and dried.
Medical and non-medical waste management: These should be managed inh.
accordance with the procedures.

Contamination-Based Precautions

Droplet precautions should be known to all HCW besides standard precautions.

Duration of Precautions: Patients should be kept in isolation until the patient's
fever  and respiratory symptoms have resolved.  If  the  symptoms of  the  patients
regressed  and  are  clinically  improved,  they  may  be  recommended  to  be
discharged  home  and  continue  isolation  at  home.

Separating Inpatients

Negative pressure isolation rooms: Negative pressure rooms are not alwaysa.
required  to  prevent  COVID  19  transmission,  but  early  stage  and  high  risk
COVID-19 patients can be isolated in these rooms.
Separate room (Single room): Patients should be isolated in separate rooms ifb.
possible.  However,  in  periods  when the  epidemic  increases,  single  isolation
rooms may be insufficient.
Separate  areas  in  the  room:  If  a  single  room cannot  be  provided,  patientsc.
should be hospitalized in separate areas from other COVID 19 patients. The
distance between patients should be guaranteed to be at least 1 meter. Curtains
can  be  used  between  patients.  The  area  where  the  patient  entrances  are
reserved  should  be  accessed  from  another  door.  Other  patients,  healthcare
professionals  and  visitors  should  not  use  these  doors.
Separation of personnel: If the number of personnel is sufficient, those whod.
care for COVID-19 patients and those who care for other patients should be
separated.
Separation  of  Visitors:  Patient  visitors  should  be  restricted,  only  the  maine.



64   Demystifying COVID-19 Ozgur KARCIOGLU

caregiver  of  nursing  patients  and  parents  of  children  should  be  accepted.
Visitors  should  also  wear  PPE  and  be  informed  about  hand  hygiene.

Patient Transfer and Transport

In-hospital transfer: Patients should not be transferred to another area unlessa.
necessary,  and  if  they  have  to,  they  should  definitely  use  a  surgical  mask.
Patients should not be kept in public areas.
Patient  transfer  from  primary  care  units  to  other  facilities:  Ambulanceb.
team  should  be  warned.  The  transferred  center  should  be  informed  that  the
patient has COVID-19.
Transfer  between  hospitals:  Patients  should  not  be  transferred  unlessc.
medically mandated (dialysis, cardiac angioplasty, etc.).
PPEd.

Fluid resistant surgical face masks:a.
All nose and mouth should be covered■

Masks should not hang around the neck.■

Should not be touched after wearing■

It must be replaced when it is damaged or wetted.■

It should be taken off after leaving the patient room.■

Must be worn once and thrown into medical waste bin.■

FFP3 masks:b.
It  should  be  used  in  ICU and similar  units  during  procedures  that  emit■

aerosol.
Must be disposable and liquid resistant.■

All personnel should be trained in proper fitting.■

It  should  be  compatible  with  other  protective  equipment  (such  as  eye■

protection).
It  should  not  be  used  if  proper  facial  adaptation  is  not  provided  and■

breathing becomes difficult.
FFP3 must be used with the face shields if it is not liquid resistant.■

Aerosol-related  interventions:  The  following  aerosol-related  interventionse.
should be performed in a separate area only in the presence of the necessary
personnel, with disposable gowns, gloves, eye protection and FFP3 mask.

Intubation, extubation❍

Tracheotomy, tracheostomy❍

Manual ventilation❍

Open aspiration❍

Bronchoscopy❍

Noninvasive ventilation (NIV) • BiPAP, CPAP❍

Surgical and postmortem interventions❍
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High frequency oscillating ventilation (HFOV)❍

High flow nasal oxygen (HFNO)❍

Some dental procedures❍

Equipment Management and Environmental maintenancef.
Equipment:a.

Patient care equipment should be for single use, if possible.■

Reusable equipment should be placed away from the patient care area.■

Equipment should be cleaned at regular intervals between each patient or■

after use, after contamination with blood or bloody fluids.
Ventilators must be protected with high efficiency filters (HEPA filter).■

Closed system aspirators should be used.■

Environmental care:b.
Patient isolation / examination rooms should be decontaminated at least■

once a day.
Examination  rooms  should  be  decontaminated  after  every  suspected  /■

diagnosed COVID-19 patient.
Measures for healthcare personnel to work during the epidemic period:g.

HCW with symptoms should not come to work.❍

Where  possible,  staff  dealing  with  suspected  patients  should  not  care  for❍

other patients.
Risky  or  pregnant  HCW  should  not  work  in  services  with  patients  with❍

COVID-19.
A multifaceted and global strategy to protect HCW from high-risk infection❍

should be developed.

Pearl:  In  regions  where  the  disease  is  endemic,  HCW  should  be  protected  by
acting with a presumption that all patients have COVID-19.

Psychosocial Problems in HCW During The Pandemics

In addition to all these, the mental health of HCW is also of utmost importance. In
a  study  comparing  medical  (n  =  927)  and  non-medical  HCW  (n  =  1255)  with
special  regard  to  psychosocial  problems  experienced  during  the  COVID-19
pandemic, insomnia (38.4% vs. 30.5%, p <0.01), anxiety (13% vs. 8.5%, p<0.01),
depression (12.2% vs. 9.5%; p<0.04), somatization (1.6% vs. 0.4%; p <0.01), and
obsessive-compulsive  symptoms  (5.3%  vs.  2.2%;  p  <0.01)  were  significantly
more  common  in  medical  HCW.  Having  an  organic  disease,  living  in  the
countryside, female sex, assuming the risk of contact with a COVID-19 patient
are  the  most  common  risk  factors  for  insomnia,  anxiety,  obsessive-compulsive
symptoms, and depression (Zhang WR et al, 2020).
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In  a  study  conducted  in  terms  of  mental  health  on  a  total  of  1521  healthcare
workers in China, 147 of whom had a community health /ED experience during
the pandemic era, 1374 of whom had no experience, those who had worked in an
ED performed worse (Cai et al, 2020). Again, in a study conducted in China, it
was observed that  healthcare personnel  who had direct  contact  with the patient
were more exposed to anxiety symptoms (Liu CY et al, 2020).

According to the findings of a multicenter study conducted with 1563 HCW in
Guangzhou,  the  rate  of  depression  was  51%,  anxiety  45%,  insomnia  36%  and
distress symptoms 73% in HCWs (Liu et al, 2020).

In  a  recent  systematic  review  and  meta-analysis,  Pappa  et  al.  highlighted  very
high  prevalence  rates  of  depression,  anxiety,  and  insomnia  among  healthcare
workers during the COVID-19 pandemic: 22.8%, 23.2% and 34%, respectively
(Pappa et al, 2020). The authors emphasized on the need to institute solutions to
alleviate mental health risks and adjust interventions for HCW worldwide.

Salazar  et  al.  searched  for  the  mental  disturbances  from  which  HCW  suffered
most  (Salazar  et  al,  2020).  They have  compared the  complaints  and symptoms
HCW reported in COVID-19 pandemics with those recorded in SARS and MERS
outbreaks.  Results  indicated  that  COVID-19  lead  to  insomnia  more  frequently
than the other disease outbreaks, while SARS was associated in insomnia more
commonly than the others did (Fig. 2) .

Many HCWs working during the pandemic stayed in different places from their
families in order not to infect their families with the virus. The fear of infecting
the family of those who do not have the opportunity to stay away from the family
can also lead to psychosocial problems.

For all these reasons, more psychological and social support should be given to
HCW in the  front  line  during the  pandemic period.  Suspected HCW should be
given effective mental health measurements and offered special support.

What kind of Interventions can be Pursued to Support The Resilience and
Mental Health of Frontline HCW During The Pandemic?

It is a harder question to address sufficiently. Pollock et al. very recently searched
for  these  vital  answers  (Pollock  et  al,  2020).  The  authors  are  “moderately
confident  that  the  following  two  factors  were  barriers  to  intervention
implementation: frontline workers, or the organizations in which they worked, not
being fully aware of what they needed to support their mental well-being; and a
lack  of  equipment,  staff  time  or  skills  needed  for  an  intervention”.  They  also
pointed  out  that  the  following  three  factors  were  facilitators  of  intervention
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implementation:  interventions  that  could  be  adapted  for  local  needs;  having
effective communication, both formally and socially; and having positive, safe,
and supportive learning environments for frontline workers. Also, the knowledge
or beliefs, or both, that people have about an intervention can act as either barriers
or  facilitators  to  implementation  of  the  intervention.  These  issues  should  be
subjected to further population-based research which can enlighten the possible
measures for these impairments for HCW.

Fig.  (2).   Distribution  of  the  complaints  and  symptoms  HCW  reported  in  COVID-19  pandemics  in
comparison  to  those  recorded  in  SARS  and  MERS  outbreaks.  (Adapted  from  Salazar  et  al.  2020).

IS THERE ANY GOOD NEWS TO CONVEY?

Yes. A recently published systematic review and meta-analysis pointed out that
although HCW carry the highest risk for contracting the disease, they have a less
severe clinical course and a significantly lower mortality risk when compared to
the general population (Sahu et al, 2020). The overall proportion of HCW (varies
with the regions and countries) who had the disease among all COVID-19 patients
was  10%.  The  incidence  of  severe  or  critical  disease  in  HCW  (10%)  was
significantly lower (p < 0.001) than the incidence of severe or critical disease in
all  COVID-19  positive  patients  (29%).  Likewise,  the  death  toll  among  HCW
(0.3%) is remarkably lower (p < 0.001) when compared to the whole population
(2.3%). This can be attributed to easier access to healthcare, testing and treatment
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measures  by  the  HCW as  compared  to  the  lay  people  worldwide,  especially  in
underdeveloped regions.

HCWs  on  all  the  world  need  the  support  and  appreciation  of  the  public  and
governments  not  to  remain  heroes,  just  to  get  credit  that  they  deserve.

Pearl: Protecting HCWs should be the priority of the public authority or
‘state’. In other words, it is out of question to protect a society where HCW
cannot be protected.

Summary:  How  Should  Healthcare  Professionals  Work  in  the  Hospital
During  the  Pandemic  Period?

A uniform should be worn at the hospital●

Uniforms worn in the hospital should be washed with normal detergent at least●

60 degrees each time, and if possible, they should not be worn inside the house.
Separate  shoes,  or  slippers  should  be  reserved  at  the  hospital,  they  should  be●

removed before entering the house, or left at the hospital
Hands should be washed up to the elbows before leaving the hospital.●

Cell phone should be wiped with disinfectant when leaving the hospital●

Stethoscopes should not be hung around the neck.●

No nail polish should be used●

Long hair should be tied●

Nails should be kept short●

Jewellery that prevents washing such as watches, rings, and the like should not●

be worn in the hospital.

CONCLUSION

Findings show that most countries have failed to protect their HCW. The COVID-
19 pandemic increases the risk of physical illness, mental trauma, and death for all
HCWs. These entities should be examined separately,  and it  should be ensured
that the HCW works in safe environments.

If  it  is  necessary  to  make  concrete  suggestions,  medical  needs,  storage,  and
distribution  programs  including  PPE  should  be  developed  during  pandemic
periods. A rational system for equipment distribution, allocation and utilization
should be formed with the participation of professional associations, chambers,
and  trade  unions.  Only  in  this  way  is  the  damage  to  both  HCW  and  society
minimized and preparation for the next pandemic can be implemented as required.
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CHAPTER 5

What Kind of Disease is this? Signs and Symptoms,
Predictors of Clinical Course and Management

Abstract: COVID-19 affects almost every organ and system in the body, depending on
the  severity  of  the  disease,  viral  load,  and  host  factors.  In  definition,  the  complex
(ACE2) receptors – protein S of the virus leads to the involvement of various tissues
and  organs.  ACE2  receptors  are  present  on  most  cells,  inducing  cardiovascular
symptoms,  kidney  disease,  and  neurological  involvement.  Complaints  and  findings
such  as  fever,  dry  cough,  and  weakness  are  predominant  in  many  large  series  .
However, shortness of breath almost invariably predicts a more severe disease course
in  most  patients.  More  rarely,  neurological,  gastrointestinal,  or  dermatological
complaints  and  findings  are  also  noted,  mostly  in  conjunction  with  other  signs.
Laboratory and radiological adjuncts are mostly the keys for an expedient diagnosis
and management, especially in institutions with a high number of admissions in a time
unit. The clinician should be alert on how to interpret hallmarks of the disease, which
can predict a grave outcome and severe course in any given patient.

Keywords:  Clinical  course,  COVID-19,  Outbreak,  Pandemic,  Signs  and
symptoms.

In a myriad of case reports, complaints and findings such as fever, dry cough, and
weakness are predominant. There is fever in 35% to 98% of the reported cases,
fatigue / weakness in 65% to 70%, dry cough in 60%, shortness of breath in 30%
to  60%,  and  muscle  pain  in  50%  to  70%.  These  percentages  can  vary
substantially,  depending on the geographical  and temporal  variation,  as well  as
sampling characteristics, etc. (Table 1).

As a rule, vital signs (pulse rate, blood pressure, consciousness, temperature) may
be  normal  on  presentation  to  the  hospital.  Likewise,  asymptomatic  cases  have
been reported in the literature with a wide range between 17 and 87%.
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DO  PATIENTS  WHO  ARE  DIAGNOSED  NECESSARILY  HAVE
SYMPTOMS?

A total of 2824 cases were included in a study conducted during the rise of the
epidemic  in  Italy  (Poletti,  2020).  It  was  reported  that  only  31% of  the  patients
who were diagnosed serologically or with RT-PCR developed symptoms at the
time of diagnosis.

Table 1. Common symptoms of COVID-19 in the first months of the pandemic. Data source: CCDC
2020 (data as of February 11, 2020).

Symptoms Percentage (%)

Diarrhea 3

Hemoptysis 5

Headache 8

Sputum production 28

Myalgia 44

Cough 76

Fever 98

Patients without fever / respiratory symptoms

4% under 60●

Symptomatic patients in the range of 18%-65%

18% under 20●

65% over the age of 80●

Critical patients

under 60 years old 0.54%●

6.6% over the age of 60●

The risk of turning into a critical patient is higher in men.

Among those with RT PCR +, those who were symptomatic and those without●

symptoms were found to have similar viral loads (Oran, 2020).
The presence /  absence of  symptoms on presentation was not  associated with●

gender
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The rate  of  critical  cases  in  men between  the  ages  of  60-80  is  significantly
higher than that of women. Women are more likely to be symptomatic then
men between the ages of 20-40.

ASYMPTOMATIC AND SYMPTOMATIC… IS THERE A 3RD WAY?

Yes.  A  group  of  cases  were  called  'presymptomatic'  because  they  were  first
asymptomatic  and  then  symptomatic  (Oran,  2020).  Since  this  can  be  seen  in  a
group between 10% and 89%, there are large variations according to geography
and population. For example, asymptomatic cases have been reported up to 96%
in  4  different  prisons  in  the  USA,  which  suggests  that  patients  and/or  officials
have difficulty reporting and recording their symptoms (So, 2020). This can occur
because the recommended 6 feet of separation for social distancing necessitates an
approximate 28 sq. foot area for each detainee, which exceeds the minimum 25
sq.  foot  standard  published  by  the  American  Correctional  Association  (Irvine,
2020).

Publishing a systematic review of more than 24,000 adult diagnosed cases, Grant
et al. reported the total death rate as 7% and listed the complaints on presentation
as follows: (Grant, 2020):

Fever 78%

Cough 57%

Fatigue 31%

NIV was performed in 19% of hospitalized patients (44 studies)

17% of them prompted admission to ICU (33 studies)

ETI + MV was performed in 9% (45 studies)

ECMO was applied in 2% (12 studies)

In conclusion, the authors reported that fever and cough were the most common
complaints, but a diagnosis could not be made solely on the basis of symptoms in
a significant proportion of patients (Grant, 2020)

The rate of fever and cough in confirmed cases is reported differently in different
countries. Fever is noted in an average of 78% of cases and a dry or productive
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cough is observed in 57% (Grant, 2020).

Fever is not present in the patient every time in the clinical course, it waxes and
wanes or follows a fluctuating curve. Therefore, the absence of fever in a patient
at a given time point does not prove that the patient did not have fever, but that we
could not find it at that time. If the patient says that he has a fever while at home
or workplace, he/she should be believed in.

Sputum  production  has  been  reported  at  a  rate  of  or  1/3.  Gastrointestinal
complaints  (diarrhea-vomiting,  abdominal  pain)  can  be  found  around  10%  to
40%.  While  tachypnea  is  found  in  1  of  3  cases,  it  is  mostly  recorded  in  cases
admitted to ICU.

The most important point is that no patient can be exactly like another, and the
‘classical’ pattern of findings and complaints should not be sought fully in a given
patient.

Fever  and  cough  were  more  common  in  children  than  in  adults.  Shortness  of
breath and muscle-joint pain are seen mostly in adults and the elderly.

Less Common Findings (Chen, 2020)

Headache in 8% of cases.

Hemoptysis (bleeding with coughing) in 5% of cases.

Diarrhea has been reported in up to 2% of cases in Chen’s series. However, the
frequency of diarrhea is much higher in cases in many countries. Whether this is
due to the mutation of the virus or unique characteristics of these populations is
open to research.

Periods in the Course of the Disease

While  a  significant  improvement  is  observed  within  3-5  days  in  other  flu
syndromes,  COVID-19  cases  gradually  worsen  within  7-8  days.

In  most  series  80%  to  90%  of  the  cases  are  mild.  Especially  when  we  go  to
younger ages, this rate is very close to 100%.

Mild cases: improve within 2 weeks.●

Severe-critical cases result in (death or recovery) 3 to 6 weeks.●

Time from onset of illness (first symptom) to development of severe / critical●

condition: 1 week.
The process varies between 2 to 8 weeks in fatal cases.●
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How Long Does It Take To Progress/Deteriorate?

After the first symptom until the development of dyspnea (shortness of breath):●

An average of 5 days,
From the first symptom to hospitalization: An average of 7 days,●

After  the  first  symptom  until  the  development  of  ARDS  (respiratory  distress●

syndrome): An average of 8 days.

Within  the  one-year  period  of  pandemics,  the  medical  community  has
accumulated extensive experience on real cases, albeit  we should keep in mind
that each new case has his/her unique characteristics (Table 2).

Table 2. A few examples of real cases are shown below.

Age,
Gender

First Finding, (Day 1) New Findings and Fever Course and Outcome

40, F Low-grade fever, hyposmia 2nd day 38C fever 6th day, treatment at home

61, M Shaking, flu-like cold 6th day 39C fever 8th day, apparent pneumonia,
admission to hospital

72, F 38C fever lasting for
minutes, anosmia

5th day presents to hospital
after a bus trip for two days

6th day, signs of pneumonia,
admission to hospital

43, M Shaking chills, weakness 4th day muscle pain and
persistent cough

6th day, treatment at home

45, M Muscle pain and weakness Not recorded 7th day, signs of pneumonia, and
diarrhea, admission to hospital

44, M fever, weakness, cough and
sore throat, admission to
hospital.

Severe pneumonia and
dyspnea on exertion at 4th and
5th day.

7th day ARDS, died at 8th day.

A Brief Look at the Stages of the Disease in Special Regard to Severity: First
of all, one can view management principles of COVID-19 infection in accord with
symptom  severity.  The  patients  can  be  examined  in  an  array  of  severity
subgroups, from noncomplicated disease to septic shock or irreversible respiratory
compromise (Tables 3 and 4).

Can A Mild-looking Patient Worsen Quickly?

Yes. Below are the tomographic images of a case from Istanbul. A 20-year-old
male patient has dramatic progression in CT scans taken in consecutive days. The
case, who presented with mild shortness of breath and swelling in the jaw at the
first  visit,  was  discharged  after  CT.  The  next  day,  when  he  presented  with
increased dyspnea and worsening in his general status, images compatible with
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COVID-19 pneumonia  were  marked on CT.  He was monitored in  intermediate
ICU without need for intubation.

WHICH  MARKERS  CAN  WE  USE  TO  PREDICT  CLINICAL
WORSENING?

The  most  important  variable  predicting  the  severity  of  the  cases  is  respiratory
failure  and  low  blood  oxygen  levels  resistant  to  treatment.  Apart  from  that,
patients  who  get  worse  develop  ARDS,  sepsis  and  septic  shock  (Table  5).

Table 3. World Health Organization- WHO examined COVID-19 infection at the following stages in
the guide published at the end of January 2020.

Noncomplicated
disease

Signs of viral URI; may include fever, cough, sore throat, weakness, nasal
congestion, headache, and muscle aches. The elderly and
immunocompromised may present with atypical symptoms.

Mild pneumonia Patients with pneumonia without evidence of severe disease. Cough and shortness
of breath may be marked.
Respiratory rates: <2 months, 60 bpm; 2–11 months, ≥50 bpm; 1--5 years old, ≥40
bpm

Severe pneumonia Adolescent or adult: fever or suspected respiratory infection, plus one of the
following: RR> 30 bpm, severe respiratory distress, or SpO2 <90% (at room air).
Child: Cough or shortness of breath, plus one of the following: central cyanosis or
SpO2 <90%; severe breathing difficulties (e.g., wheezing, retractions in chest
muscles); red flags in pneumonia: difficulty breastfeeding or drinking liquids,
drowsiness / unconsciousness, or seizures. Other signs of pneumonia: chest
retractions, tachypnea: Respiratory rates: <2 months≥60 bpm; 2–11 months, ≥50
bpm; 1–5 years, ≥40 bpm. Diagnosis is clinical, chest x-ray can only rule out
certain complications.

Acute Respiratory
Distress Syndrome
(ARDS)

Onset: De novo or worsening respiratory signs and symptoms within one week
after the triggering event
Imaging: Bilateral opacities not limited to effusion, lobar or pulmonary collapse,
nodules.
Pulmonary edema: Respiratory failure not explained by HF or fluid overload. It
should be evaluated with Echo/POCUS.
Oxygenation (adult):
Mild ARDS: 200 mmHg <PaO2 / FiO2 ≤ 300 mmHg (PEEP or CPAP ≥5 cmH2O,
or non-ventilated)
Moderate ARDS: 100 mmHg <PaO2 / FiO2 ≤200 mmHg (PEEP ≥5 cmH2O, or
non-ventilated)
Severe ARDS: PaO2 / FiO2 ≤ 100 mmHg (PEEP ≥5 cmH2O, or non-ventilated)
If PaO2 cannot be checked, SpO2 / FiO2 ≤315 suggests ARDS
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Noncomplicated
disease

Signs of viral URI; may include fever, cough, sore throat, weakness, nasal
congestion, headache, and muscle aches. The elderly and
immunocompromised may present with atypical symptoms.

Sepsis Adult: Life-threatening organ dysfunction due to dysregulated host response
accompanying infection (altered mental status, tachypnea / respiratory distress, low
O2 saturation, decreased urine output, tachycardia, hypotension, cold extremities,
coagulopathy findings in laboratory work up, i.e., thrombocytopenia, acidosis, high
lactate, or hyperbilirubinemia
Child: Suspected or proven infection and presence of ≥2 SIRS criteria

Septic shock Resistant hypotension despite fluid resuscitation, MAP>= 65 mmHg only with
vasopressors and lactate> 2 mmol / L

Table 4. A brief overlook at the management principles in accordance with symptom severity.

Management principles are driven primarily by the severity of signs and symptoms of the disease

     • Asymptomatic patients can be followed in outpatient basis to assess the emergence of signs and
complaints.
     • If only mild symptoms (esp. lasting longer than 7 days) are present, and pneumonia is not detected, the
patient can be kept in quarantine at home.
     • More severe patients with the following criteria should be admitted to a hospital for close monitoring.

     o evidence of pulmonary involvement,
     o over 60 years of age,
     o presence of comorbidities (COPD/CHF/ severe persistent HT
     o severe extrapulmonary manifestations (fever, GI signs, headache, etc.

Table 5. Markers predicting clinical deterioration.

Age (significant increase in risk with every 10-year increase).

Tachypnea (every one-unit increase in bpm)

Abnormal blood gases (PaO2 (≥60 vs. <60 mm Hg)

PaCO2 (every 1 mmHg increment)

PaO2 to FiO2 (every 10-units’ increment)

Imaging findings; (consolidation)

Coronary heart disease.

Hemoglobin (every 1 g / dL increase)

leukocytosis; (> 10x109)

lymphocytopenia; (> 1x109)

procalcitonin; (each 1 ng / mL increase) or (≥0.5 vs. <0.5 ng / mL)

IL-6 (interleukin-6); (≥100 vs. <100 pg / mL)

serum ferritin; (per 100 ng / mL increase) or (≥336.2 vs. <336.2 ng / mL)

CRP (C-reactive protein); (each 1 mg / dL increment) or (≥5 vs. <5 mg / dL)

aspartate aminotransferase (AST); (every 10 U / L increment) or (≥ 50 vs. <50 U / L)

(Table 3) cont.....
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Age (significant increase in risk with every 10-year increase).

Direct bilirubin (≥0.3 vs. <0.3 mg / dL)

LDH-lactate dehydrogenase; (every 100 U / L increment) or (≥250 vs. <250 U / L)

creatinine; (each 1 mg / dL increment) or (≥ 1.10 vs. <1.10 mg / dL)

fibrinogen; (every 100 mg / dL increment)

troponin I; (every 1000 ng / L increment) or (≥20 vs. <20 ng / L)

D-dimer: (each 1 μg / L increment) or (≥ 0.35 vs. <0.35 μg / L)

Factors  predicting  clinical  deterioration  in  COVID-19  patients  hospitalized  in
Italy  were  tried  to  be  highlighted  (Cecconi,  2020).  29%  of  the  group  with  an
average age of 69 got worse, 41 people were hospitalized in ICU and 36 of them
died.

In  this  study,  a  prognostic  index  was  established  using  respiratory  rate,  PaO2  /
FiO2 ratio, coronary heart disease history, CRP, and creatinine level. This score
has been found to have high predictive accuracy (Cecconi, 2020).

RADIOLOGICAL CRITERIA

Many  researchers  have  tried  to  identify  patients  who  will  deteriorate  with
COVID-19  using  radiological  criteria.  65  adult  patients  (42  males,  65%)  with
PCR-confirmed  COVID-19  diagnosis  in  the  Munich  cohort  were  analyzed
retrospectively. Patients showed mild or severe symptoms. The lesions found in
patients  were  scored  between  “incompatible  with  COVID”  (Grade  0)  and
“confluent  lesions  (Grade  5),  which  included  more  than  50%  of  the  lung
parenchyma. The mean CT severity score was 4.0 in intensive care patients, while
it was 2.9 in other patients with confirmed diagnosis (Burian, 2020) (Fig. 1).

Fig. (1).   CT images illustrating 5 different stages that predict  the risk of ICU admission on tomography
(Burian, 2020). It was also found that CRP, leukocyte elevation, and lymphocyte depletion were significantly
associated with worsening in patients.

(Table 5) cont.....
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Grade 1: No typical signs suggestive of COVID●

Grade 2: Solitary GGO in a single lobe●

Grade 3: bilateral, multiple GGO●

Grade 4: Confluent (merging) GGO and consolidations●

Grade 5: Confluent lesions involving more than 50% of the lung parenchyma●

Although scoring systems such as Wells' criteria, 'Pulmonary Embolism Rule out
Criteria'  (PERC)  and  Geneva  scoring  system  are  used  to  exclude  pulmonary
embolism, Karimzadeh et al. stated that these would be insufficient to exclude PE
occurring  concurrent  with  COVID-19  (Karimzadeh,  2020).  Basically,  these
scoring systems calculate the risk in patients who are not hospitalized, but rather
in patients who have been admitted to the ED.

Factors  affecting  admission to  ICU  are  variables  that  predict  deterioration  in
general and death (Table 6).

Table 6. Criteria to estimate need for admission to ICU and death.

• Respiratory failure: Low oxygen in the blood despite oxygen administration

• Hypotension: low blood pressure despite adequate fluid administration.

• De novo organ failures: Failure in organs and systems such as kidney, heart, liver, and coagulation
functions.

• Pre-existing organ failure: Heart, kidney, liver failure, chronic lung disease, coronary artery disease.

• People with high viral load, such as healthcare workers or family members who are in close contact with
the COVID-19 patients.

• Advanced age and male gender.

TYPICAL CASE

A 54-year-old taxi driver admitted to the ED with weakness, fever, and occasional
cough for 4 to 5 days. There is no known history of any disease. On arrival, the
body  temperature  was  37.7C,  no  other  vital  sign  abnormality  was  noted.
Lymphopenia and eosinopenia were detected in the work up. Non-contrast chest
CT showed patchy GGO in both lung areas (Fig. 2). The patient was hospitalized
into ward, hydrated, and closely followed up.



80   Demystifying COVID-19 Ozgur KARCIOGLU

Fig. (2).  Criteria that should be used to distinguish cold, flu and COVID-19 from each other. With such
visual  aids  in  public  education,  the  frequency  of  ED  admissions  and  EMS  calls  will  be  reduced,  and
necessary cases will be cared for.

Differential diagnosis: Patients with shortness of breath and findings suggestive
of pneumonia on CT should be evaluated in regard to a myriad of diseases (Tables
7 and 8).

Table 7. Some diseases involving the lungs that should be considered in the differential diagnosis of
COVID-19.

• Pulmonary embolism

• Bacterial pneumonia: such as streptococci, staphylococci, Hemophilus, Klebsiella, Moraxella

• Other viral pneumonia: Respiratory viruses that trigger influenza A and B, such as H1N1, H5N1, H2N2,
H2N3

• Occupational diseases such as asbestosis, pneumoconiosis

• Lung cancer

• Lung-affecting diseases such as atelectasis and bronchiectasis

• Infectious exacerbations in those with COPD and chronic bronchitis

Table 8. Features that can be used to distinguish symptoms of COVID-19 from upper respiratory tract
infections caused by other viruses.

COVID-19 Common Cold-
Rhinitis

Flu Allergy/ Asthma

Fever / shaking chills common Rare common Not expected

Weakness/ fatigue common +/- common +/-

Shortness of breath Can be severe Not expected Not expected +/-

Anosmia Common, +/- +/- +/- Not expected

Cough (mostly dry and
persistent)

common Not expected +/- +/-

Pain (mostly muscle) Common, +/- Rare common Not expected

Sneeze Not expected Common +/- common
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COVID-19 Common Cold-
Rhinitis

Flu Allergy/ Asthma

Runny nose +/- Common +/- common

Epiphora- injection in the eyes Not expected - +/- common

Sore throat Common, +/- Common +/- Not expected

Diarrhea +/- - rare +/-

HOW ARE COVID AND COUGH RELATED?

It is known that cytokine storm, which is a hyperactive inflammatory response,
triggers COVID-19 symptoms (such as fever, muscle pain, sore throat, respiratory
tract irritation).  These characteristics have also been shown to be related to the
severity of the disease.

The high level of CRP, IL-6 and other inflammatory markers in severe patients
indicates that the pro-inflammatory response plays an important role in COVID-
19 infection (Martinez-Urbistondo, 2020).

Cough In Terms of Contagiousness

There is contagiousness from 2-3 days before the symptom onset. Asymptomatic /
presymptomatic  people  can  infect  the  disease.  It  has  been  reported  that
transmission from presymptomatic patients is 48% to 62% (Ganyani 2020) (Fig.
3, Table 9).

Table 9. What has changed in the patient who presented with cough in COVID-19?

• During the pandemic period, it was necessary to exclude COVID-19 in the majority of patients in
the EDs and primary care facilities.

• Focal point of medicine has shifted: «primum est covid-19?» instead of «primum nihil nocere» was
instituted.

• Since COVID-19 could not be ruled out immediately, the physicians had to assume that every patient had
COVID-19.

• Tests for exclusion had to be performed in the patient who presented with a COVID-unrelated complaint,

• Time and costs spent for patient care boosted.

In the Cochrane analysis published in July 2020, 16 studies were included, and
more than 7700 patients were evaluated (Struyf, 2020). When the symptoms were
examined in terms of sensitivity leading to the diagnosis of COVID-19, only 6
complaints were found to have a sensitivity more than 50%.

(Table 8) cont.....
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Cough,  sore  throat,  fever,  myalgia  /  arthralgia,  fatigue,  and  headache  are
symptoms  with  a  sensitivity  of  at  least  50%  in  the  diagnosis  of  COVID-19.

Pharmacological Methods To Relieve Cough

NSAIDs: prostaglandin synthesis inhibition (useful in ACEI-related cough)●

Corticosteroids: effective in asthma cough●

Sodium cromoglycate shows its effects only after 36-48 hours●

Expectorant  and  mucolytic  agents:  help  to  eliminate  sputum  by  reducing  its●

viscosity
Antihistamines  and  sedatives:  The  antitussive  effect  of  first-generation●

antihistamines such as  diphenhydramine is  due to their  central  and peripheral
anticholinergic activities.
Butamirate  citrate:  It  is  a  non-opioid  antitussive  with  a  central  effect  on●

receptors  in  the  brain  stem.  It  has  also  been  reported  that  it  reduces
bronchospasm  with  peripheral  effect  and  has  anti-inflammatory  and
anticholinergic effects. Therefore, it is thought to be effective in cough with both
acute and chronic etiology.
Opioids: Morphine and codeine reduce cough by inhibition of the cough center●

in the brain. It is not used in USYE.
Dextromethorphan:  Opioid  derivative,  centrally  effective  non-narcotic●

antitussive. It is included in many over the counter cough relievers.
Placebo can also be effective in selected cases.●

GASTROINTESTINAL  COMPLAINTS  AND  FINDINGS  IN  THE
COURSE OF COVID-19

Although GI symptoms are not among the main complaints (fever, shortness of
breath,  dry  cough)  that  are  sought  primarily  in  COVID-19  cases,  they  can  be
encountered  frequently.  Abdominal  pain,  diarrhea,  nausea,  vomiting,  loss  of
appetite and sense of taste (ageusia) are the most frequently noted GI complaints.
Although GI complaints are generally considered as atypical complaints in these
cases, they can be an important complement to the main findings and can help in
the  diagnosis  of  the  disease.  Although  rarely,  GI  complaints  may  occur  as  the
main complaint  or  finding at  the time of admission to the hospital.  Atypical  or
infrequent findings may also cause patients to be difficult to identify and stay in
the hospital for a longer period of time.

When 1141 cases were examined in the initial period of the epidemic in China, it
was reported that 183 (16%) presented with GI complaints (Luo, 2020). Among
these, the most commonly reported were loss of appetite, nausea and vomiting,
diarrhea,  and  abdominal  pain.  As  a  rule,  this  patient  group  had  leukopenia,
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lymphopenia,  increased  CRP,  and  mild  liver  enzyme  elevation,  while  renal
functions were normal (Table 10). In 96% of the cases, there was findings on CT
of the chest, so it was a severe group of patients.

Table 10. In order of frequency, GI complaints in patients with confirmed COVID-19 and laboratory
findings (Luo, 2020).

Complaints Laboratory Findings

loss of appetite leukopenia (mean 2.7x 109/L)

nausea Lymphopenia (mean 0.53x 109 / L)

vomiting increased CRP

diarrhea liver enzyme elevation

abdominal pain normal kidney function

Fig. (3).  The risk of contamination, which increases significantly with coughing, can be reduced with the use
of a mask, but cannot be reset. This reveals that cough should also be treated separately.

Cheung et al.  published a systematic review and found that GI symptoms were
present at a rate of 17.6% in the entire pool analyzed (Cheung, 2020). There are
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studies reporting that the clinical course of patients with GI complaints is worse
than others.

The  Importance  of  GIS  in  the  Pathophysiology  of  the  Virus:  The  virus  is
excreted  with  faeces  during  acute  illness.  Even  when  nasopharyngeal  swabs
become  negative,  viral  RNA  can  remain  positive  in  the  episode.  Fecal-oral
transmission is present in 10.5% to 53% of patients. It has been also noted that
fecal  RNA excretion is  more prominent in severe patients and may accompany
liver enzyme elevation.

Three adult cases (40, 44, and 53 years) who presented with abdominal findings
mimicking acute abdomen syndrome and were diagnosed with COVID-19 have
been published (Ahmed, 2020). The cases did not require surgical intervention.
Although all  three cases  had COVID-19 pneumonia,  epiploic  appendagitis  was
found  as  a  cause  of  abdominal  pain  in  one,  lower  lobe  pneumonia  in  one,  and
nonspecific abdominal pain in the other.

In  Italy,  COVID-19  pneumonia  was  diagnosed  concurrent  with  ruptured
diaphragm with gastric perforation in a young woman with fever and dry cough
for 5 days (Poggiali, 2020).

In the analysis of 182 pediatric cases with a median age of 6 in China (Du, 2020),
fever  and  cough  were  the  two  most  common  complaints  with  43%  and  44%.
About 11% of cases had GI symptoms, most of which were diarrhea, abdominal
discomfort  and  vomiting.  It  was  recovered  in  97.8%  with  a  mild  course.  The
presence of intussusception and sepsis in the only child who died actually reveals
the importance of GI symptomatology.

De Souza et al. published a systematic review of 38 studies reported that diarrhea
was seen in 8.1% patients and nausea and vomiting in 7.1% patients (de Souza,
2020).

CORONA FACTS: WHICH IS CORRECT?

Misunderstandings and misconceptions are  the phenomena which pose greatest
threat  to  the  measures  and  precautions  taken  against  a  disease.  These  can
sometimes  pave  the  way  to  economic  crises,  and,  sometimes,  to  vital
consequences for the individual. There is a continuous flow of information, but
“getting  informed”  is  not  so  easy  in  this  turmoil  and  quagmire,  which  is  also
called an “Infodemics” somewhere. Here, we tried to indicate some truths instead
of some false beliefs propagated in the society.
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Our world will never be the same again. Our generation has gone through SARS
in 2002, bird flu outbreaks between 2003 and 2006, swine flu in 2009, MERS in
2012, but –probably the worst one among all- we were shaken by a pandemic in
2020 that we had not experienced before. As the attention of our citizens, like the
rest  of  the  world,  is  focused  on  this  issue,  there  is  a  continuous  flow  of
information, but “getting informed” is not so easy in this turmoil and quagmire.
Some  authors  have  ironically  called  this  an  “Infodemics”.  Sometimes  we  get
stuck in the search for the truth. Here, we aimed to present some false (F) beliefs
and truths (T) regarding them.

F: I wear gloves and finish the job. I wish it would not burst from here and there if
I wear them all day.

T: The glove you wear for more than 30 to 60 minutes and touch the environment
(handrail, handle, inside the subway or bus) is not different from your bare hands.
It is infectious.

F:  When  I  go  shopping,  I  go  to  the  most  expensive  market  where  high-class
people  hang  out,  no  problem.

T: Did you write your will? Much has been said that COVID-19 spread from poor
Chinese fishermen eating bats.  Indeed, it  was spread from the wealthy Chinese
such  as  those  who  went  to  Milan's  fashion  week  who  ate  fancy  &  expensive
'exotic' things. The virus does not distinguish between people, class, etc. After all,
if you should protect yourself from COVID-19 everywhere, if you want to caress
your grandchildren.

F: Thermal cameras will do the job, we can rely on them.

T: Yes, people with high fever can be caught with the thermal cameras, but you
can see the COVID by inspection, electron microscope or other tests in afebrile
people. “The ill patient” is not something detectable just by fever. People study
for six years for this.

F: I wear a mask with a fancy pattern, and I will feel comfortable.

T: The mask is primarily to prevent the sick person from spreading drops around.
It  is  correct  to  wear  a  mask  when  entering  crowded  places  and  in  high-risk
environments (such as bazaars and shops in big cities) in an environment where
the  epidemic  is  rising.  Simple  (surgical)  masks  are  sufficient  for  this.  Do  not
waste your money.

F: Some masks are thin; I blow it out. I would not wear it.
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T: Put a wet wipe into the mask and make sure that it does not slip away. Just be
practical.

F: I feel bored, take off the mask, put it in my pocket, then walk and wear it if
necessary, in any dangerous place.

T: Not like that. You should wear it constantly, as it will not be clear who you will
meet at any dangerous situation outside. The mask is not enough, stay away from
people who are coughing, clogging, ill- looking.

F: It lives in animate milieu and does not live in inanimate surfaces.

T: You think so. 9 hours in plastic, up to 6 days in steel, 6 hours on wood… Even
3  hours  in  the  air.  As  the  hours  pass,  especially  in  high  temperature  and  dry
environment, the number of viruses decreases, although they can decrease to the
numbers that will not cause disease. You can still go safely to places that smell of
bleach (in terms of loving grandchildren).

Q: The virus is transmitted by air, is it correct?

Both  yes  and  no.  The  presence  of  the  virus  in  the  air  hours  later  does  not
necessarily indicate that they are at a level that can be really contagious. It is clear
that you won’t be loaded by the virus as much as a doctor intubating the patient.
The gossip with your friend for over 10 minutes at a distance of <=1 m is risky.
Say hello and be a little antisocial.

F: I have lots of money, can get one of these most expensive masks, you know,
those with funny filters.

T: Nope. N95 (FFP2) is 95% protective, you remove the virus from the air you get
from  outside,  but  you  give  out  the  viruses  directly.  So,  you  become  more
infectious than any other ways. Do not come to your physician for examination by
attaching this, we will break.

F: Only if someone cough on us, we can get ill.

T:  No,  it  is  also  transmitted  through  food,  breath,  by  not  adherence  to  toilet
hygiene  (we  call  it  the  bad  name,  fecal-oral  route).

F: Let us wash all edible things with vinegar.

T: We do not have that sort of water shortage yet. Vinegar is no different from
other liquids we use for washing (we call them H2O). If we have really run out of
water, we can use vinegar. Let us cook the cookable meals, enough.
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F: If we pour alcohol or chlorinated disinfectants on us?

T: your clothes cn change colours, or you can get burned. Killing the virus is very
easy,  indeed.  They easily  die  with  liquid  containing 0.1% sodium hypochlorite
(bleach), 62-71% ethanol, or 0.5% hydrogen peroxide. If we put this into practice;
Mixing 5 tablespoons (1/3 of the glass) of bleach in 3.5-4 L water will cause fear
to the enemy. Pour it on you? You can get poisoned or burn to kill 3 to 5 viruses.

F: A great leader said inject them?

T: Do not do it  before writing your will.  It  is not what can be injected into the
body. We are very lucky. it's still science deciding upon serious situations.

F: We are protected by being vaccinated.

T: Pneumonia, influenza, etc. vaccines that have been used so far are inefficient
against  COVID-19.  However,  the  pneumonia  vaccine  which  is  useful  for  risk
groups for COVID-19, as it will protect against agents that can cause co-infection.

F: I suck and defeat the virus by sniffing and blowing salt water into our nose.

T: It has never been recorded that the virus of those who did it died. Do it as a
hobby, anyway?

F: We kill the virus by drinking 60-70 degrees hot water, tea, etc.

T: Beware, you burn your throat.

F: Young people do not need to be afraid since they kill only the elderly.

T: The elderly, our mothers, our fathers die with viruses brought by young people.
Be concerned and take action.

Anyone  at  any  age  can  become  sick  (infected)  with  coronavirus.  The  only
difference between the elderly and those with comorbid/concomitant diseases is
that they have a more severe disease. Do not be so comfortable just because you
are young.

F: These viruses do not survive in the cold.

T: Weather conditions cannot kill coronaviruses. The virus is actually bear-like
and  likes  cold  and  wet-humid  places.  Since  our  climate  is  in  a  transition  zone
between  bear  and  zebra,  there  will  be  partial  relief  with  the  warming  of  the
weather,  but  do  not  rely  too  much  on.
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F: These viruses do not survive in the heat and sun.

T:  Weather  conditions  cannot  kill  coronaviruses.  Brazil  and  Mexico  have  high
numbers  of  suffering  people.  By  the  way,  the  disease  is  not  transmitted  with
mosquito bites.

F: it passes to as via animals.

T: There is no transition from animals such as pets and dogs.

F: It is transmitted from us to the animals.

T: There is no transition from people to animals such as domestic cats and dogs.

F: bath kills the virus

T: Bath and illness have nothing to do with.  Let us justify it,  it  can help lower
your fever. It is good to take a shower, especially in hot weather, we can prevent
the transmission of  the virus  left  in  our  body through face-to-eye exposure.  So
again, the key point is not to take your hands to the face.

F: What if we eat garlic, sumac, or something?

T: Good for your health, of course, but the virus does not die with it. Maybe the
smell would keep people away from you.

T: I think Anatolian local tradesmen selling garlic would be pleased by such an
action.  Garlic  both  regulates  your  blood  pressure  and  keeps  people  away  from
you. Will they go further than the critical limit of 1.5 m, it depends on how much
garlic you will eat.

F: Hand dryers kill the virus

T: It does not kill. There is no information on this subject except for the absurdity
of one US high bureaucrat. The opposite is purely scientific.

F: We kill with ultraviolet (UV) light.

T: UV light devices should not be used for virus killing / sterilization purposes in
living places. Causes skin irritation. I should add that research are going on, like
Martians on earth.

F: Let us ingest antibiotics.

T: Antibiotics may be effective on bacterial superinfection, which is rarely seen in
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COVID infection. You should still see a doctor.

F: I fear of the shoes I traveled outside so I throw them into the machine every
day in order to get off the virus.

T: Not that much. If there is a child/toddler crawling at home, lift it out of reach, it
is enough. Keep it in a sachet that did not happen either. The shoe-borne disease
report is not even included in 10 million patients.

F: I always wear the mask, even when doing sports.

T:  It  is  not  suitable  to  use  in  active  sports.  It  is  enough  not  to  do  sports  in
cramped,  stuffy  environments  and  in  closed  areas  with  a  team  or  crowd.

F: Using the mask for a long time caused carbon dioxide (CO2) poisoning.

T: It does not cause any poisoning. You cannot breathe while talking, or swallow.
Have you ever noticed? With the mask, you can easily breathe.

F: 5 G mobile networks help spread the coronavirus.

T: Viruses do not spread over radio networks or mobile networks. It is spread by
the infected person's coughs, sneezes, etc., or through contaminated surfaces. In
countries that have never met 5 G, coronavirus infection is spreading rapidly.

CONCLUSION

COVID-19 affects almost every organ and system in the body, depending on the
severity of the disease, viral load, and host factors. Complaints and findings such
as fever, dry cough and weakness are predominant in many large series. However,
shortness  of  breath  almost  invariably  predicts  a  more  severe  disease  course  in
most  patients.  More  rarely,  neurological,  gastrointestinal,  or  dermatological
complaints and findings are also noted, mostly in conjunction with other signs.
Laboratory  and  radiological  adjuncts  are  mostly  the  key  for  an  expedient
diagnosis  and  management,  especially  in  institutions  with  a  high  number  of
admissions  in  a  time  unit.  The  clinician  should  be  alert  on  how  to  interpret
hallmarks of the disease which can predict a grave outcome and severe course in
any given patient.
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CHAPTER 6

Diagnosis  of  COVID-19:  Which  Tests  To  Do?
Laboratory  and  Radiological  Adjuncts  To
Recognition

Abstract: As the organism is afflicted by COVID-19 as a whole, recognition of the
disease  can  sometimes  pose  difficulties  for  healthcare  workers.  Laboratory  and
radiological  workup  are  necessary  for  expedient  diagnosis  in  most  cases.  Although
considered as a gold standard, the need for certified laboratories, expensive equipment,
and  trained  staff  are  drawbacks  of  RT-PCR tests  to  be  applied  to  large  numbers  of
people as screening tests . Chest radiography is recommended as an initial test for any
patient  with  suspicion  of  the  disease,  while  chest  tomography  is  more  sensitive  to
demonstrate specific lesions and the extent of the disease inflicting lungs.

Keywords:  CD4/CD8  ratio,  Complete  blood  count,  COVID-19,  CRP,
Neutrophil/lymphocyte  ratio,  Outbreak,  Pandemic,  RT-PCR.

DIAGNOSTIC PROTOCOL FOR CORONAVIRUS DISEASE (COVID-19)

Amplification of viral RNA by RT-PCR for the detection of SARS-CoV-2 virus,
which has caused the pandemic, functions as the gold standard for confirmation of
infection but has a long processing time and shows false-negative rates of 15% to
40%. In  addition,  the  need for  certified  laboratories,  expensive  equipment,  and
trained staff drives many countries to limit RT-PCR tests to only individuals with
prominent  respiratory  symptoms.  Therefore,  there  is  a  need  for  alternative,
cheaper,  and  more  accessible  tests  for  expedient  diagnosis.  Combining  the
appropriate cut-off  values for  some hematological  parameters can help identify
false  positive  /  negative  RT-PCR  tests.  Blood  test  analyses  can  be  used  as  an
alternative to RT-PCR to identify COVID-19 positive patients in countries with
great shortages of RT-PCR reagents and / or specialist laboratories. In addition,
the identification of biomarkers that can predict the severity and prognosis of the
disease is also necessary to guide clinical care (Fig. 1).

Ozgur KARCIOGLU, Selman YENIOCAK and Mandana HOSSEINZADEH
All rights reserved-© 2021 Bentham Science Publishers
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Fig. (1).  Clinical findings and laboratory indicators of mild, moderate, severe, and critical forms of COVID-
19 disease.

LABORATORY TESTS

Complete blood count (CBC): Important clues can be found. Lymphocyte count
decreases in 4/5 of the cases (lymphopenia). Half of the cases have eosinopenia.
Wang et al. found the median lymphocyte count as 800 x 106 / L in patients with
COVID-19  pneumonia  (Wang,  2020).  There  is  no  difference  between  patients
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admitted  into  the  ICU  and  others.  In  a  retrospective  study,  lymphopenia,
leukocytosis, elevated ALT, LDH, Hs-cTnI, creatine kinase, and d-dimer, serum
ferritin,  IL-6,  prothrombin  time,  creatinine,  and  procalcitonin  levels  were  also
found to be associated with death (Zhou  et al., 2020).

The median of the leukocyte count in patients with COVID-19 is mostly found
within normal limits (4500 x106 / L). It is slightly higher in those hospitalized in
ICU but still within normal limits.

It has been shown in adult studies that increased leukocyte and neutrophil counts
are  associated  with  poor  prognosis.  However,  radiological  changes  suggesting
pneumonia were detected in only one of three cases with abnormal leukocyte or
neutrophil counts among 10 symptomatic children. Lymphopenia was reported in
only  two infants  in  all  studies.  It  was  thought  that  the  reason for  not  detecting
significant lymphopenia in children might be the low incidence of severe cases.

It  was  reported  that  80%  of  critical  patients  and  25%  of  mild  cases  had
lymphopenia,  and it  was suggested that  it  might  be related to the course of  the
disease in  adult  studies.  As a  result,  a  consistent  laboratory change has not  yet
been determined in children with COVID 2019. Lymphocyte count and CRP can
be monitored as signs of severe infection and PCT possible bacterial co-infection.
(Henry BM, 2020).

Lastly, it has been established that there may be changes in laboratory parameters
according  to  the  stages  of  the  disease.  For  example,  in  the  early  stages  of  the
disease, the peripheral WBC count is normal or low, and the lymphocyte count is
reduced.  Some  patients  have  elevated  liver  enzymes,  lactate  dehydrogenase
(LDH), muscle enzymes, and myoglobin. High troponin is seen in some critically
ill  patients.  Most  patients  have  markedly  elevated  C-reactive  protein  and
erythrocyte sedimentation rate along with a normal procalcitonin. In severe cases,
D-dimer increases, and peripheral blood lymphocytes gradually decrease. Severe
and critically ill patients often have high inflammatory factors (Table 1).

Various biomarkers have been identified that could potentially be helpful in risk
stratification  models  for  predicting  critical  and  mortal  COVID-19  patients.
Variables that can be used as a marker for potential progression to critical diseases
in patients hospitalized with respiratory distress are:

WBC count●

Lymphocyte count●

Platelet count●

IL-6 level●
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Serum ferritin level●

When the  parameters  of  fatal  patients  compared  to  the  survivors  are  examined
some variables are marked to discern the dead from survivors:

- Increased in the dead survivors:

WBC number●

Total bilirubin●

Creatine kinase●

Serum ferritin●

IL-6●

Table 1. Summary of laboratory changes in patients with critical or fatal COVID-19.

Biochemical Markers Inflammatory Biomarkers Hematological + Coagulation Markers

 Albumin
Alanine aminotransferase

↑ Aspartate aminotransferase
Total bilirubin

↑ Blood urea nitrogen
↑ Creatinine

↑ Creatine kinase
Lactate dehydrogenase

↑ Myoglobin
↑ Cardiac troponin I

↑ Erythrocyte sedimentation rate
↑ CRP

↑ Serum ferritin
↑ Procalcitonin

↑ IL-2R
↑ IL-6
↑ IL-8
↑ IL-10

↑ WBC count
↑ Neutrophil count

↓ Lymphocyte count
↓ Platelet count

↓ Eosinophil count
↓ Hemoglobin

↑ Prothrombin time
↑ D-dimer

- Declined in the dead more than survivors:

Lymphocyte count●

Platelet count●

In  a  meta-analysis  of  Diagnostic  and  prognostic  value  of  hematological  and
immunological markers in COVID-19 infection, Elshazli  et al. disclosed that ICU
admission was associated with higher levels of WBCs (OR = 5.21), neutrophils
(OR = 6.25), D-dimer (OR = 4.19), and prolonged PT (OR = 2.18) (Elshazli  et al.
2020). They also reported that patients with high IL-6 (OR = 13.87), CRP (OR =
7.09),  D-dimer  (OR  =  6.36),  and  neutrophils  (OR  =  6.25)  had  the  highest
likelihood  of  mortality  (Table  2).

↑
↑

↑

↑
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Table 2.  Receiver operating characteristics results for severity of COVID-19 ( Elshazli  et al. 2020 )
(Bold values indicate significance at  P  < 0.05).

Lab test AUC Threshold Sensitivity Specificity P-value

WBC 0.801 ± 0.09 5.47 85.7 85.7 0.007

Neutrophil 0.831 ± 0.09 3.74 78.5 100 0.003

Lymphocyte 0.867 ± 0.06 0.98 81.2 87.5 <0.001

Platelets 0.836 ± 0.11 177.6 71.4 71.4 0.035

PT 0.583 ± 0.17 12.9 50.0 83.3 0.63

Procalcitonin 0.845 ± 0.09 0.06 80.0 90.0 0.007

D-dimer 0.876 ± 0.08 0.48 88.9 77.8 0.007

CRP 0.875 ± 0.08 38.2 84.6 92.3 0.001

IL-6 0.632 ± 1.6 22.9 71.4 71.4 0.40

 
Cytokines and Related Findings

Significantly  elevated  blood  cytokine  and  chemokine  levels  in  patients  with
COVID-19 infection, including IL1-β, IL1RA, IL7, IL8, IL9, IL10, FGF2, GCSF,
GMCSF,  IFNy,  IP10,  MCP1,  Mip1a,  Mip1ß,  PDGFB,  TNFa  and  VEGFA  has
been recorded.  In some of the severe cases admitted to the ICU, high levels of
pro-inflammatory  cytokines,  including  IL2,  IL7,  IL10,  GCSF,  IP10,  MCP1,
Mip1a  and  TNFa,  have  been  cited  as  the  distinguishing  factor  for  increased
disease  severity.

A workup of IL-6 should be noted as a potential  prognostic indicator in severe
COVID 2019 in children.

Laboratory Values Can Also Highlight The Stages of The Disease

Stage 1: Lymphopenia and neutrophilia are prominent in CBC.

Stage  2:  Lymphopenia,  transaminases  and  systemic  inflammatory  markers  are
elevated. Meanwhile, serum PCT values are expected to be normal.

Stage 3: A small subset of COVID-19 patients progress to stage 3, where systemic
hyperinflammatory state ensues.

Studies  have  shown  increased  levels  of  IL-2,  IL-6,  IL-7,  G-CSF,  macrophage
stimulating factor 1α (MSP 1α), TNF-α, CRP, ferritin, D-dimer, troponin and NT-
proBNP in patients with severe outcome (Siddiqi, 2020).
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D-dimer: Advanced age at the time of admission, high SOFA score and d-dimer>
1  μg  /  mL  were  found  to  be  associated  with  death  during  hospitalization.
Therefore, advanced age, high SOFA score and d-dimer over 1 μg / mL defined as
potential risk factors are parameters that can be evaluated in early identification of
patients who will have a poor prognosis.

Laboratory  and  radiology  examinations  can  be  planned  in  accord  with  the
COVID-19  stages  (Siddiqi,  2020).

Stage 1: Lymphopenia and neutrophilia are prominent in complete blood count.

Stage  2:  Lymphopenia,  transaminases  and  systemic  inflammatory  markers  are
elevated. An increase in serum procalcitonin values is not expected.

Stage  3:  A  small  proportion  of  COVID-19  patients  progress  to  stage  3  where
systemic hyper-inflammation ensues. Studies have shown an increase in IL-2, IL-
6,  IL-7,  GCSF,  macrophage  stimulating  factor  1α  (MSP  1α),  TNF-α,  CRP,
ferritin,  D-dimer,  troponin  and  NT-proBNP  levels  in  patients  with  severe
prognosis.

CD4/CD8 Ratio: A Promising Marker?

Maybe.  CD4/CD8  ratio  assessed  on  presentation  (in  the  ED  or  primary  care
facilities) can be viewed a risk factor for severe disease and/or deterioration in the
course. It can be used for early prediction of progression towards ICU in patients
with COVID-19.

Total counts of T cells, CD4 cells, and CD8 cells were reported to be significantly
decreased in critically ill patients with COVID-19 (Liu  et al. 2020, and Wan  et
al.  2020).  In  another  study,  Wang   et  al.  put  forth  that,  in  the  context  of
lymphopenia, low CD8 cell count and increased CD4/CD8 ratio were associated
with the inflammatory status of COVID-19 patients (Wang  et al.  2020). In the
study by Pallotto  et al., low CD4 and CD8 count were noted in both the critically
ill  and  the  non-critically  ill  group  and  the  CD4/CD8  ratio  were  significantly
higher  in  those  with  critical  COVID-19  (Pallotto   et  al,  2020).

Can The Neutrophil-lymphocyte Ratio Be Used For Diagnostic Purposes?

Yes.  It  has  been reported  that  if  the  NLR rate  is  above  4.94  in  the  first  day  in
COVID-19  cases  in  Louisiana,  its  power  to  predict  intubation  is  very  high
(Tatum, 2020). The mortality rate of the cohort is 18.4%. In the same study, it was
shown that NLR values above the cut-off values on the 2nd and 5th days can predict
mortality.
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Liu  et  al.  reported that  the accuracy of NLR being> 3.13 is  high in predicting
critical disease in China (Liu, 2020). Even though they are over 50 years of age,
critical  disease  is  only  9% in  those  with  NLR <3.13,  while  in  the  same group,
patients  with  NLR>  3.13  progress  to  50%  critical  disease  .  As  a  result,  they
reported that patients over the age of 50 and with a NLR of> 3.13 are prone to
emergent hospitalization in ICU .

PATHOLOGICAL FINDINGS

Detection  of  COVID-19  in  the  laboratory  can  be  performed  in  two  ways:
Visualization of the virus (SARS-CoV-2) itself (e.g.,  under the microscope), or
identification of its surrogates such as the adaptive immune response against the
virus. The decision on which method is safe and correct depends mainly on the
stage of the infection.

The  preferred  method  to  be  used  in  the  diagnosis  of  COVID-19  virus  (SARS-
CoV-2)  is  nucleic  acid  determination.  The  nucleic  acid  can  be  detected  in
nasopharyngeal  swabs,  sputum,  lower  respiratory  tract  secretions,  blood,  feces,
and  other  samples  using  PCR.  “Real-time  PCR  (RT-PCR)”,  which  is  used  to
confirm  the  diagnosis  and  accepted  as  the  gold  standard  in  the  world,  can  be
performed in advanced laboratories. These tests may be ordered by the physician
to guide the treatment by distinguishing it from bacterial and other infections in
patients who meet the “probable case” definition.

Mostly, three specific genes have been identified for this: Open Reading Frame 1a
/ b (ORF1a / b), Nucleocapsid protein (N) and Envelope Protein (E) genes. It is
more  accurate  to  obtain  samples  from  the  lower  respiratory  tract  (sputum  or
airway extraction). However, as much as possible, use in combination with other
samples provides more accurate results. Samples should be treated and examined
as soon as possible after collection.

Nasal swab detects 2/3 of cases, while pharyngeal swab can detect only around
1/3 of cases. Nasal swabs may be preferred in unidentified patients. It should be
kept  in  mind  that  bronchoalveolar  lavage  fluids  has  the  most  accurate
identification  rates  among  all.

Samples should be taken correctly as soon as possible in suspected patients for
RT-PCR testing. Swabs should be taken from the nose and throat, and also from
the  trachea  for  those  with  breathing  difficulties  or  those  have  already  been
intubated.

In a systematic review, accuracies of identification of SARS-CoC-2 in different
samples from airway, that is, sputum, nasopharyngeal and oropharyngeal swabs
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and  demonstrated  that  sensitivity  of  sputum  was  the  highest  (73%)  and
oropharyngeal swab was the lowest (43%) (Table 3 ) (Mohammadi et al, 2020).

Table 3. PCR test positivity rates (Adapted from Wang  et al. 2020).

S. No. Sample Type % Positivity

1 Bronchoalveolar lavage fluid 93%

2 Fibrobronchoscope biopsy 46%

3 Sputum 72%

4 Nasal swab 63%

5 Pharyngeal swab 32%

6 Stool 29%

7 Blood 1%

8 Urine 0

Half of those patients with a positive RT-PCR test are asymptomatic. It was also
reported that lesions were seen in CT in more than half of asymptomatic patients .
COVID-19 should be suspected if the patient becomes symptomatic even if the
test is negative.

On  February  20,  2020,  PCR  test  was  performed  on  almost  everyone  on  the
Japanese cruise ship and 17% positivity (n = 619) was found (Japanese National
Institute of Infectious Diseases).

ANTIBODY TEST OR SEROLOGICAL FINDINGS

The  average  incubation  period  of  COVID-19  lasts  for  5.1  days.  Specific  IgM
antibodies can be detected within 3-5 days after symptom onset.  Therefore, the
rapid test should be used at least 3-5 days after the onset of symptoms.

IgG,  known  as  permanent  antibody,  reaches  at  least  4-fold  titration  during
recovery compared to the acute phase.  Antibody testing may be more effective
and  cost-effective  instead  of  antigen  testing  in  areas  where  coronavirus  is
common. It is important to check IgM and IgG in cases where antigen test cannot
be  performed  widely  in  the  early  period  and  adequate  isolation  cannot  be
provided,  especially  after  the  first  positive  case  (Fig.  2).
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Fig. (2). A. Interpretation of PCR. B. Antibody tests (IgM and IgG) positive and negative results.

Do  Antibody  Tests  Give  Accurate  Results  In  The  Early  Period  After
Infection?

Both  yes  and  no.  In  a  Cochrane  review  that  performed  a  meta-analysis  of  57
publications over 54 study cohorts, Deeks et al. reported that antibody tests in the
first week yielded results with very low sensitivity (Deeks, 2020). Therefore, it
cannot  play  a  diagnostic  role.  However,  it  may  have  a  value  in  patients  with
negative RT-PCR tests and late presentation.

A����>�1����

%�	$���$����
�����

��������
�	$���$�

��'�����$��
����������

��<
���������
������ ��'����������

��<��$�������
���������

������������3
��$��$$����	

������� (������������

1�������������
��������

�%��3(�63���-%
����%������

��'��������	

��<��������	

" = : 7� �7 �B !=
��	����������������� C�������$�@����������������������������������������	


&�	�&���&

#� ��� ��'
�����(��	!����)�(��(

*

* *

* *

* �

� *

� �

*�

*

*

�

*

*

� �

�

1�������$�	�����������>����>�������������������D

1�������$�	��������������	�������������������D

1������������������������������������������D

1�������$�	�������������������������������������������D

1�������$�	��������������	�������������������D�1(��������$�	���������3��������D

1�������$�	��������������������������5����������������D

1�������$�	����������������	����������������������5�������1(��������$�	���������3��������D



Diagnosis of COVID-19 Demystifying COVID-19   101

How Accurate Results Do Igg, M, and a Give?

Antibody tests have a very low sensitivity (30%) in detecting COVID-19 in the
first week after symptom onset. In the second week, this value increases, and we
see peak levels in the third week.

In addition,

Antibody tests may be useful in revealing a past SARS-CoV-2 infection when●

performed 15 days or longer after the onset of symptoms.
Its use in public health studies is controversial due to the high risk of 'bias', its●

reliability is low, in accord with some small studies in the literature.
Its  accuracy  has  been  mostly  evaluated  in  hospitalized  patients,  therefore  its●

performance  at  low  antibody  titers  in  mild  or  asymptomatic  cases  in  the
community  is  unknown.

Tests should be ordered with respect to the patient and the severity of the signs
and  symptoms.  Countries  (South  Korea,  New  Zealand,  and  China),  which
performed  many  tests  and  identified  the  cases  at  an  early  stage,  managed  to
control  the  disease  in  the  most  expedient  and  effective  way.  Especially  New
Zealand has come close to ending the process with very low mortality in this way.

CHEST IMAGING - RADIOLOGICAL EXAMINATIONS

Highly  suspicious  cases  should  be  screened  by  radiography  (CXR)  and
tomography  (chest  CT),  apart  from  serological  /  microbiological  examinations.

Radiological findings are the most important adjuncts of the clinical findings and
sometimes it can be a more important indicator than tests. In studies comparing
CT and PCR tests, it has been noted that tomography can recognize the disease
with very high accuracy, and furthermore, it demonstrates severity and extent of
involvement.  When  used  with  a  rational  strategy  and  avoiding  unnecessary
radiation,  CT  helps  us  to  detect  patients  in  early  stages.

Which Should We Choose? X-ray, CT, USG, or MR?

CT has a priority in diagnosis. It is recommended not to be used in every patient
as  a  screening  test  (Acr.org.2020).  Although  these  two  sentences  seem  to
contradict  each other,  it  means that  CT should be taken diagnostically  in  cases
with  certain  clinical  findings  and  not  for  ‘everyone’.  CT  scans  should  be
performed  to  exclude  lung  involvement  or  to  understand  its  prevalence,  if  the
clinical status of any given patient indicates strong suspicions of COVID-19.
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Although it is not a contraindication in children and pregnant women, it should be
used with restrictions, but should be obtained if it would cause significant changes
in treatment modalities.

The  reason  why  CT  is  prominent  in  many  regions  of  the  world  is  its  high
sensitivity,  as  well  as  the  ability  to  make  additional  diagnoses  such  as  PE  and
bacterial pneumonia, or alternative diagnoses that can change the treatment, such
as  pneumothoraces  or  abscesses  (Scialpi,  2020).  In  critically  ill  COVID-19
patients  with  pneumonia,  PE  needs  to  be  ruled  out.

It has also been recommended to repeat CT when there is an important clinical
change in recovering patients.

The  advantages  of  USG  over  CT  are  that  it  does  not  give  radiation,  is
noninvasive, cheap, and reproducible (Peng 2020, Buonsense, 2020). However, its
drawbacks  are  that  it  is  operator-dependent,  has  low  sensitivity,  and  fails  to
visualize  deep-seated  and  intrapulmonary  lesions  (Sofia  2020,  Huang  2020).

The most common early-stage findings noted with USG in COVID-19 patients are
B-lines, patch-like consolidations, and irregular pleural lines (Huang, 2020). Since
these findings are also found in other viral pneumonias, USG is thought to be not
a good screening test (Tsai, 2014). It is known that the most common CT finding
in COVID-19 patients is ground glass opacities (GGO) (Lei, 2020). The fact that
GGO  is  most  common  in  the  posterobasal  region  explains  the  difficulty  of
reaching  and  diagnosing  with  USG  at  the  bedside.

USG is still useful in patients with or suspected COVID-19, because the risk of
pulmonary embolism is increased in these patients, USG can be used to rule out
massive PE and DVT (Rouhezamin, 2020). As a result, USG can be used in the
diagnosis and management of COVID-19, being aware of its limitations (Khalili,
2020).

CT identifies patients with COVID-19, but it cannot distinguish from other viral
infections (H1N1, SARS-CoV and MERS-CoV). Therefore, we can postulate that
the use of CT as a screening test will be a wrong choice. CT should not be used as
a first test but should be used with certain criteria for symptomatic patients who
will be hospitalized (Acr.org. (2020).

CXR may detect findings in the lungs. In the early stage, imaging shows multiple
small  irregular  shadows and interstitial  changes that  are  more prominent  in  the
peripheral region of the lungs. As the disease progresses, imaging shows multiple
GGO and infiltrates in both lungs. In severe cases, pulmonary consolidation may
occur. However, pleural effusion is rare.
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Tomography (CT):

Weaknesses  of  the  RT-PCR  test  with  obtaining  and  performing  it  are  debated
widely. It has been suggested in some publications that chest CT can be used as a
screening  test  instead  of  PCR,  and  positive  results  have  been  reported.  As  in
diagnosis, thorax CT is used to highlight the progression of the disease, to monitor
the effectiveness of the treatment and to decide on discharge. However, it should
be kept in mind that CT cannot rule out some diseases definitely, and the isolation
and quarantine measures of suspicious cases should not be ignored because they
are only CT negative.

Artificial Intelligence (AI) for Covid-19 Diagnosis from Chest CT:

In a multinational study on CT images to detect GGOs Warman et al. employed
an  AI-driven  object  detection  model  in  search  of  COVID-19  (Warman,  2020).
The model predicted COVID-19 with an accuracy of 96.8%, AUC-ROC of 0.966,
sensitivity of 98.3%, precision of 95.9%, and specificity of 94.9%. The authors
claimed that the model can discern COVID-19 GGOs from alternative diagnoses,
which suggested that GGOs can be disease-specific.

Radiological Features:

Although  CXR  is  not  adequately  sensitive  to  detect  GGOs  and  demonstrate
normal  findings  in  early  stages  of  the  disease,  it  can be employed with  its  low
radiation, low cost, and easy application, even at the bedside. The sensitivity and
accuracy of the CXR studies increase with the severity of the disease.

Some  ‘typical’  imaging  findings  are  visualized  in  CT  images  of  most  patients
with COVID-19. Therefore, CT can also be used as a diagnostic tool such as RT-
PCR (Zhao  et al, 2020). However, in a radiological analysis study in which 101
patients were enrolled, it was reported that no CT findings were detected in 8% of
the cases. It is recommended to use PCR test along with radiological screening for
expedient diagnosis (Zu ZY  et al.).

Characteristics  of  the  radiological  findings  of  COVID-19 are  listed  below,  and
percentages are given in Table 4.

Radiological findings are evident from the beginning.●

While GGO are frequent in the first days or weeks, consolidation and reticular●

densities are more frequent as the disease progresses.

CT  findings  are  basically  nonspecific  and  may  be  confused  with  other  viral
pneumonias.
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Subpleural / peripheral localization is prominent in the distribution of lesions.●

Often  multiple  lesions  (at  least  3  or  more)  involving  multiple  segments  are●

noted.
The most common lobe involved is the right lower lobe.●

Usually patchy lesions are seen, there may also be larger lesions or nodules.●

GGO and consolidation are the most common lesions among all.●

Interlobular septal thickening can be added to GGO (cobblestone view).●

There may be bronchial wall thickening.●

Air bronchograms and cavitations can be seen rarely.●

Pleural fluid and lymphadenopathy are rare, may lead to other diagnoses.●

Radiological progression is an indicator of poor clinical outcome.●

Table 4.  Radiological findings and their percentages in patients.

87% Peripheral distribution

86% GGO

82% Bilateral involvement (100% in emergency admissions)

78% Diffuse (24% in non-emergency group)

71% Vascular enlargements

64% Consolidation + GGO

54% Lower lobe predominant

54% Multifocal

52.5% Bronchiectasis

48% Reticulation

43% Consolidation

29% Bronchial wall thickening

CT Scoring Systems for Severity:

Lieveld  et al. aimed to validate the “COVID-19 Reporting and Data System (CO-
RADS)”  at  the  ED  in  order  to  compare  COVID-19  CT  data  across  different
settings and countries, and whether the corresponding CT severity score (CTSS)
was  associated  with  prognosis  (Lieveld,  2020).  CO-RADS  employs  a  scoring
system from 0 to 5 to classify pulmonary involvement from very unlikely to very
likely, respectively. The system had an area under the curve (AUC) compared to
SARS-CoV-2 PCR of 0.91 (CI 0.89-0.94). The optimal CO-RADS cut-off was 4,
with  a  sensitivity  of  89.4%  and  specificity  of  87.2%.  After  correcting  for
confounders, the CTSS was significantly positively associated with hospital and
ICU admission, and mortality.
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In another scoring system, Li  et al. employed a modified semi-quantitative CT
scoring  system,  in  which  the  lung  was  divided  into  six  zones  by  the  level  of
tracheal  carina  and  the  level  of  inferior  pulmonary  vein  bilaterally  on  CT  (Li,
2020). GGOs, consolidation, crazy-paving pattern and overall lung involvement
were rated by Likert  scale of 0-4 or binary as 0 or 1.  Global  severity score for
each  targeted  pattern  was  calculated  as  total  score  of  six  zones.  Overall  lung
involvement score in the second week demonstrated predictive value for severity
with a sensitivity of 81.0% and specificity of 69.2%

The  sensitivity  of  thoracic  CT  in  the  diagnosis  of  COVID-19  is  quite  high,
especially  when  evaluated  together  with  serial  CT  images,  and  it  provides  a
chance to detect 93% of previously RT-PCR negative patients. Contact history,
clinical  findings  and  imaging  data  should  be  considered  more  sensitive  in  the
diagnosis of COVID-19 in those with a negative RT-PCR test.

Xia   et  al.  Investigated  the  changes  in  thoracic  CT findings  due  to  COVID-19
pneumonia in the study they conducted on 21 pediatric cases from the onset of the
disease to the recovery period (Xia  et al., 2020). Semi-quantitative method was
used for CT scoring. Accordingly, the scoring system was used as follows: The 5
lobes  of  the  lung  are  evaluated  separately,  and  the  total  score  for  each  patient
ranged between 0 (no involvement) and 25 (maximum involvement):

0 = no involvement,
1 = <5% involvement,
2 = <25% involvement,
3 = 26% - 49% involvement,
4 = 50% -75% involvement,
5 => 75% involvement.

Another interesting point is that the thoracic CT findings in patients who are to be
discharged after the PCR tests become negative are also quite colorful. Analysis
of  125  COVID-19  cases  revealed  bilaterally  distributed  GGO  in  the  lungs  of
79.2%  and  fibrosis  in  44.8%  (Du,  2020).  The  right  lower  lobe  was  the  most
commonly involved area, and the lesions were usually between –570 to –470 HU.
In the  follow-up performed within  2-13 days,  GGO decreased in  both size  and
density. In quantitative analysis, it was observed that lung lesion volumes were
also decreased (Fig. 3).
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Fig. (3).  Regression in thoracic CT findings in patients preparing for discharge.

(A)  Multiple  homogenous  GGOs  with  very  low  density  (box);  (B)  small
consolidation  with  air  bronchograms  (box)  in  the  right  lung;  (C)  fibrosis  with
reticulation (arrow) in the subpleural regions of both lungs; (D,E,F) mediastinal
lymph nodes with the short-axis diameter <10 mm (D), 10–15 mm (E) and >15
mm (F) (arrow).

CLINICAL CLASSIFICATION

Approximately  81%  of  the  patients  exhibit  mild  symptoms,  while  14%  show
severe symptoms requiring hospitalization, and 5% are critical patients requiring
ICU follow-up.

Mild Cases:  Clinical symptoms are mild and there is no sign of pneumonia on
imaging.

Moderate Cases: Radiological findings of pneumonia and fever and respiratory
symptoms, without marked respiratory distress.
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Severe Cases

Adult Cases who Meet Any of the Following Criteria:

Respiratory distress (30 bpm).●

Oxygen saturation ≤ 93%.●

Arterial partial pressure of oxygen (PaO2) / fraction of inspired oxygen (FiO2)●

300 mmHg (1 mmHg = 0.133 kPa).
Cases with chest imaging with significant progression of lesions for longer than●

24 to 48 hours should be managed as severe cases.

Pediatric Cases That Meet Any Of the Following Criteria:

Tachypnea (Respiratory rate 60 bpm for babies under 2 months; 50 bpm for 2-●

to-12 month infants; 40 bpm for 1-5 years old and 30 bpm for 5 years and older
children) regardless of fever and restlessness;
Oxygen saturation ≤92% by finger pulse oximeter obtained at rest.●

Difficulty breathing (moaning, nasal breathing and infrasternal, supraclavicular●

and intercostal retractions), cyanosis and intermittent apnea.
Drowsiness and convulsions.●

Feeding difficulties and signs of dehydration.●

Critical Cases

Cases that meet any of the following criteria:

Respiratory failure which prompts mechanical ventilation;●

Shock;●

Other organ failures necessitating ICU care.●

Patients can present very differently from each other (Table 5). Encephalopathy,
diabetic ketoacidosis, renal failure, myocarditis, pericarditis, new onset congestive
heart failure and de novo atrial fibrillation may be encountered.

CASE EXAMPLES

Case scenarios and corresponding radiological views are provided (Figs. 4 - 8) .

CASE EXAMPLE AND TIME COURSE OF THE DISEASE

54-year-old  Korean  male  patient,  weighing  96  kg  and  having  a  BMI  of  25.5,
developed  symptoms  (fever  and  dry  cough)  in  5  to  7  days.  Lymphopenia  and



108   Demystifying COVID-19 Ozgur KARCIOGLU

eosinopenia were most prominent on the 6th day in his work up. Ceftriaxone was
started on the 4th day of the disease, azithromycin on the 7th day, and lopinavir 200
mg / ritonavir 50 mg on the 10th day. On the 9th day, findings of pneumonia were
marked  on  chest  CT.  The  day  after  lopinavir  +  ritonavir  treatment  has  been
commenced,  a  decrease  in  viral  load  was  detectable.  What  he  had  read  about
isolation and his  illness  from the mass media triggered depression and suicidal
thoughts in the patient. Staying in a negative pressure room was also thought to
contribute to changes in the patient's psychology. After the 15th day, the patient
was discharged with radiological and clinical improvement.

Fig. (4).  Radiographic changes within 6 days of hospitalization in a 65-year-old male patient with a history
of hypertension, diabetes, coronary artery disease, and lung cancer. (Day 0-A), (Day 3-B), (Day 5-C), (Day
6-D). The patient received oxygenation and supportive therapy for his shortness of breath, and he improved
significantly within 1 week after treatment with antivirals and broad-spectrum antibiotics (Phan  et al, 2020).
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Table 5. Clinical early warning indicators of serious and critical patients

Adults Children

Lymphocytes gradually decrease Altered mental status

Inflammatory factors in peripheral
blood such as IL-6 and C-reactive

proteins are progressively elevated;

Increased respiratory rate

Lactate is elevated gradually; Lactate is elevated gradually

Lung lesions progress rapidly in a
short time.

The visualization of infiltrations in both lungs or more than one
lobe, pleural effusion, or rapid progression of lesions in a short

time;

Underlying diseases (congenital heart disease, chest deformity,
abnormal hemoglobins and severe malnutrition etc.) or infants with

immune deficiency or long-term use of immunosuppressant
medication.

Fig. (5).  66-year-old Chinese male patient. Findings on CT and simultaneous CXR at 8, 13 and 16 days after
the onset of the complaints.
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Fig. (6).  A 37-year-old male patient presents with complaints of 38C fever and cough after a brief history of
being in Wuhan. Bilateral multifocal GGO, bronchiectasis (C) and vascular enlargements (B, D) are seen on
CT scans elicited on admission.

Fig. (7).  Chest CT findings accompanying severe COVID-19 disease diagnosed in a 63-year-old woman in
Wuhan. She presented with fever and cough. One day after admission, bilateral GGO and reticulation pattern
is seen on CT images (CT involvement score 18).
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Fig. (8). A. Radiography on the 3rd day of the disease. B. 9th day, C. 15th day CXR. D. 9th day tomography.
E. 15th day tomography.

CONCLUSION

In summary,  COVID-19 cases present  with nonspecific  clinical  findings.  Since
epidemiological and clinical findings may be insufficient for diagnosis, laboratory
and radiological findings are important adjuncts in diagnosis.

Identification of accurate biomarkers that can predict the severity and outcome of
the disease is necessary to guide clinical care. Blood test analyses such as CRP,
complete  blood  count  (e.g.,  sneutrophil/lymphocyte  ratio,  CD4/CD8  ratio),  d-
dimer, ferritin can be used as an alternative to RT-PCR to identify patients with
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COVID-19  in  countries  with  great  shortages  of  RT-PCR  reagents  and  /  or
specialist laboratories. These ancillary tests are also used as to support or refute
the  presumptive  diagnoses  of  the  clinicians,  even  if  RT-PCR  tests  are  readily
available.

Radiological adjuncts are used both to screen the disease in suspected individuals,
and  also  to  highlight  the  severity  of  involvement  in  the  respiratory  tract.  Both
markers  of  blood  chemistry  and  radiological  adjuncts  are  also  used  to  predict
deterioration and follow the clinical course of the patients.

Typical  CT  findings  are  peripheral  multifocal  patch-like  GGO  and  inferior  /
posterior lobe involvement. The greater the number and size of GGO, the more
severe  the  disease.  Thin-section  CT  and  low-dose  contrast-enhanced  CT,  if
necessary,  are  recommended.  If  there  is  no  finding  in  the  CT,  which  can  be
obtained  immediately  in  the  suspect  case,  the  patient  can  be  sent  home  to  be
evaluated at regular intervals and to comply with the isolation recommendations,
or if there are findings, the quarantine decision can be made more easily.
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CHAPTER 7

Cardiovascular  Disease,  Myocarditis,  Infarctions,
And COVID-19

Abstract: In the last centuries, cardiovascular diseases (CVD) have been the prominent
cause of health impairment worldwide. Starting with the COVID-19 outbreak, which
has become the predominant health issue all over the world since December 2019, this
phenomenon has to be reassessed in many aspects. In a given patient, CVD results in a
more serious clinical course of COVID-19 and a boosted risk of death. Additionally,
both CVD and COVID-19 cause myocardial damage, which increases morbidity and
mortality with a synergistic effect. It is also clear that cardiac patients (i.e., CVD and
others)  are  deprived  of  the  usual  healthcare  services  they  receive  due  to  the
overcrowdedness and shift of hospital and pre-hospital medical services in the COVID-
19 era. As we can contemplate that pandemics will not disappear quickly anytime soon,
the health system will have to be reorganized completely. The purpose of this article is
to reveal and seek solutions to the relationship between pandemics and heart disease
and  their  impact  on  ordinary  healthcare,  along  with  CVD,  myocardial  damage,  and
other diseases caused by COVID-19.

Keywords:  Acute  myocardial  infarction,  Cardiovascular  disease,  Coronavirus,
COVID-19, Diagnosis, Myocardial injury, Myocarditis, Treatment.

Cardiovascular  disease  (CVD)  has  been  associated  with  viral  infections  or
outbreaks for decades.It has been reported that approximately half of COVID-19
patients have CVD, and this rate increases to 70% in intensive care units (ICU)
(Zhou et  al.,  2020;  Wang et  al.,  2020).  It  is  known that  50% of the cases with
MERS infection  in  2012  had  DM and  HT,  and  30% had  CVD (Badawi  et  al.,
2016).

KEY FINDINGS FROM DIFFERENT DATABASE STUDIES

In the study which analyzed 5700 patients  in New York;  frequency of  HT was
reported  as  56.6%,  obesity  41.7%,  DM  33.8%,  CAD  11.1%,  and  CHF  6.9%
(Richardson, 2020). In the study that included more than 72,000 patients in China,
12.8%  hypertension,  5.3% DM,  4.2%   CVD   were  found.  The   frequency  of
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comorbidity  is  similar  in  industrialized  countries,  except  that  the  hypertension,
metabolic disorders, and obesity rates are significantly higher than the far east, but
the prevalence varies considerably.

When analyzing  22,254 patients  who were  screened  with  PCR tests  between 5
March and 9 April in NYC, at least one comorbid disease was reported in about
half of those with positive tests (46%) (Kalyanaraman Marcello et al, 2020). In
the sample, 33% diabetes, 37% HT, 24% CVD, 11% CRF were noted. Among the
hospitalized patients, 28% died. Male gender, age, DM, history of heart disease,
presence of CRF are risk factors for both test positivity and death.

CV Risk Factors that are Thought to Affect the Clinical Course of COVID-
19:

Male gender,●

Advanced age,●

DM,●

Hypertension,●

Obesity,●

A history of cardiovascular or cerebrovascular disease,●

In a case series from Detroit Suleyman et al. searched for independent risk factors
for admission to intensive care units: being over the age of 60, male sex, HT, DM,
CRF,  severe  obesity  (BMI>=  40)  and  cancer  were  reported  to  be  the  ones
(Suleyman  et  al,  2020).  Smoking  was  also  higher  in  hospitalized  patients.
Admissions  due  to  dyspnea,  tachypnea  or  hypoxia  also  increases  the  risk  of
hospitalization.  Fever  increases  the  likelihood  of  hospitalization  but  does  not
predict  poor  outcome  in  patients  with  COVID-19.  Inflammatory  markers  were
also found higher in those hospitalized in ED.

Respiratory failure developed in 74% of those hospitalized in ICU and MV was
required in 81% among these. 25% of those hospitalized had to be transferred to
ED. The majority of those who received MV under 40 years of age (62.5%) had
severe obesity, while those who did not need MV were only 26%. Mortality in
ICU was 40%, and 7% in all those hospitalized. 45.6% of those who require MV
died of severe complications.

ARE ETHNIC DIFFERENCES IMPORTANT FOR COVID-19?

Marcello et al.  conducted a study which analyzed more than 22,000 patients in
NYC, and reported that 26% of COVID-19s were black and 34% were Hispanic
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(Kalyanaraman  Marcello,  2020).  They  reported  that  comorbidities  are  more
common  in  ethnic  groups  than  others,  but  being  black  or  Hispanic  after
adjustments  is  not  directly  related  to  positive  PCR  testing  or  death.

In another cohort reported from Louisiana, it is stated that blacks, which make up
only 31% of the population, constitute 77% of the COVID-19 patients who are
admitted  into  hospital,  but  being  black  is  not  an  independent  risk  factor  when
confounding factors are excluded (Price-Haywood et al, 2020). 70.6% of the dead
are black.

HT AND COVID-19

In almost all studies analyzing the characteristics of patients with COVID-19, HT
championed  among  the  comorbidities  in  the  given  samples.  In  a  study
investigating the link of the existing diseases of patients with severe COVID-19
with clinical course in China, it was noted that being over 60 years old, male sex,
CVD, HT, myocardial injury, and thrombocytopenia were associated with death
(Hu et al, 2020). HT was detected in 29% of the dead, while it was found in only
9% in  severe  cases  who survived (OR value  for  HT = 5.5).  In  the  light  of  this
information, the authors created a death prediction model.

Death Relationship With Anti-HT Drugs:

Patients with COVID-19 from two locations in Italy were followed up for 24 days
(Bravi et al, 2020). The average age of deceased patients was 79 and 71% were
hypertensive, while 42% had CVD. No relationship has been established between
using ACEI or ARB and severe illness or death. Important predictors for severe
disease were being over the age of 70, male sex, DM, COPD and CVD. Of these,
only age, male sex, and DM were predictors of very severe / lethal disease (Table
1).

Table  1.  Logistic  regression  model  predicting  severe  or  very  severe/lethal  COVID-19  syndrome
(grouped together, Model C) or very severe/lethal disease only (Model D), in the total sample (n = 1603)
(Adapted from Bravi et al, 2020).

Variables (C) Severe or Very Severe/
lethal OR (95% CI)

p (D) Very Severe/ Lethal OR
(95% CI)

p

Male gender 1.76 (1.40–2.23) <0.001 1.69 (1.20–2.37) 0.003

Age class, in years -

•<50 1 - 1 -

•50–59.9 2.36 (1.68–3.32) <0.001 3.92 (1.48–10.3) 0.006

•60–69.9 3.51 (2.43–5.07) <0.001 11.4 (4.63–28.1) <0.001

•70–79.9 5.72 (3.81–8.58) <0.001 16.5 (6.66–40.9) <0.001
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Variables (C) Severe or Very Severe/
lethal OR (95% CI)

p (D) Very Severe/ Lethal OR
(95% CI)

p

•≥80 9.06 (6.04–13.6) <0.001 27.1 (11.1–66.3) <0.001

Diabetes 1.52 (1.05–2.18) 0.025 1.58 (1.06–2.34) 0.023

Hypertension 1.10 (0.82–1.47) 0.5 1.39 (0.94–2.05) 0.097

Major cardiovascular
diseases

1.88 (1.32–2.70) 0.001 1.05 (0.71–1.56) 0.8

Cancer 1.26 (0.81–1.95) 0.3 1.11 (0.67–1.82) 0.7

COPD 1.88 (1.11–3.20) 0.020 1.44 (0.84–2.47) 0.2

Renal disease 1.58 (0.90–2.76) 0.11 1.13 (0.64–1.99) 0.7

The entry of SARS-CoV-2 into the cell using ACE2 receptors and subsequently
causing damage to different cell, tissue and organ systems was illustrated in Fig.
(1) .

Fig. (1).  Illustration depicting the entry of SARS-CoV-2 into the cell using ACE2 receptors and subsequently
causing damage to different cell, tissue, and organ systems.

Who is More Critical Among CVD + COVID-19?

Among  112  patients  with  CVD  also  diagnosed  with  COVID-19,  lymphocyte
count  was  significantly  lower  and  CRP  was  significantly  higher  in  the  critical
group than the others (Peng et al, 2020). BMI is higher, oxygenation index is low
and lactic acid is  higher in patients who die compared to survivors.  The use of
drugs such as ACE inhibitor, AT1RB is not different between the two groups.

(Table 1) cont.....
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Plasma IL-6 levels have also been reported to be higher in people with cardiac
injury (Wang et al, 2020).

Mechanisms that trigger myocardial damage in COVID-19:

Severe systemic inflammatory stimulus - cytokine storm a.
Ischemia due to increased consumption or demand b.
Plaque rupture c.
Vascular inflammation d.

MYOCARDIAL INJURY SEVERITY AND MORTALITY

Autopsy  showed  interstitial  mononuclear  inflammatory  cell  infiltration  in  the
myocardium  (Xu  et  al,  2020).  Also,  markers  showing  myocardial  damage
increase with COVID-19 (Xu et al, 2020; Guo et al, 2020; Shi et al, 2020). Shi et
al. reported that myocardial damage was close to 20% in patients who died (Shi et
al, 2020). Moreover, cardiac damage is the risk factor that affects mortality most
and  independently  (hazard  ratio:  4.26).  Guo  et  al.  reported  that  high  troponin
levels accompanied significantly increased mortality (Guo et al, 2020).

In  the  series  of  Guo  et  al.,  which  included  187  patients  with  COVID-19,  they
stated that there was a better clinical course in patients with CVD and no acute
myocardial injury compared to those with both. For example, mortality in patients
with  fulminant  myocarditis  is  between  40%  and  70%  (Caforio  et  al,  2013;
Ammirati  et  al,  2019).

The relationship between the diagnosis of CVD, TnT levels and mortality rates in
patients  diagnosed  with  COVID-19  was  studied  by  Guo  et  al,  in  2020.  The
highest  mortality  is  in  the  group  with  CVD  and  high  TnT.  B.  The  dynamic
escalation of TnT and NT-proBNP levels in those who died and those who were
discharged.  Both  TnT  and  NT-proBNP  levels  increased  during  the  course  of
hospitalization in those who died, but no such dynamic changes of TnT or NT-
proBNP levels were noted in survivors.

How Much Myocardial Damage Occurs in COVID-19?

In many studies,the myocardial damage has been reported to increase in parallel
with the severity of the COVID-19 infection.  He et  al.  demonstrated that  more
than  half  of  the  patients  diagnosed  with  COVID-19  hospitalized  in  China  in
February 2020 had myocardial damage (He et al, 2020). This has been shown to
have a direct affect in-hospital mortality (61% vs.  25%). In the study, levels of
CRP  and  BNP  were  significantly  higher  (3  times  or  more)  in  those  with
myocardial  damage  than  that  of  the  others.
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Chen et al.  revealed that the disease is closely related to myocardial damage in
their analysis on 150 COVID-19 cases (Chen et al, 2020). High levels of cTnI and
the  development  of  CHF  have  been  disclosed  as  independent  risk  factors  for
myocardial  damage.

In Whom Does Myocardial Damage Occur and How Do We Identify It?

Myocardial damage is more common in older people with COVID-19 and those
with increased TnT levels (Shi et al, 2020; Guo et al, 2020). Although TnT levels
are  normal  in  these  patients,  HT,  CAD, CHF,  and DM are  more  common than
others.

While  COVID-19 infects  the alveoli  in  the lung and triggers  obstruction in the
small airways, it can also affect the vessels, causing damage to the heart, kidney
and nervous system, intestines, and liver. For example, protein or blood cells may
be  detected  in  the  urine  in  every  second  patient.  It  was  also  stated  that
hemodialysis was performed in 14% to 30% of the intensive care patients with
COVID-19 in Wuhan.  It  is  postulated that  all  this  damage cannot  be explained
only by ‘storming cytokines’.

In patients with COVID-19, death usually occurs from multiple organ failure, and
it  can  be  difficult  to  distinguish  between  myocardial  damage  and  other  organ
failure  syndromes.  Myocardial  damage  occurs  in  patients  with  cardiac
dysfunction  and  ventricular  dysrhythmias.

Guo et al. reported that 28% of 187 COVID-19 patients had myocardial damage
(Guo et al,  2020). He et al.  raised the bar, and showed that 50% of 54 patients
with  COVID-19 diagnosed  in  China  in  February  2020 had  myocardial  damage
(He et al, 2020).

Bansal et al. reported that acute cardiac damage was present in 8% to 12% of all
COVID-19  cases  as  a  result  of  the  literature  review  (Bansal,  2020).  Systemic
inflammation and direct viral involvement contribute to cardiac injury. Presence
of  CVD  and  acute  cardiac  damage  significantly  accompany  significant
deterioration.

Any Pathological Finding?

Yes. Interestingly, in autopsy cases died of COVID-19, incidence of SARS-Co-
-2 positivity in cardiac tissue as well as CD3+, CD45+, and CD68+ cells in the
myocardium and gene expression of tumor necrosis growth factor α, interferon γ,
chemokine ligand 5, as well as interleukin-6, -8, and -18 were identified (Lindner
et  al,  2020).  Cardiac  tissue  from  39  consecutive  autopsy  cases  were  analyzed
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(median  age:  85)  SARS-CoV-2  could  be  documented  in  24  of  39  patients
(61.5%). Of note, there was no significant difference in regard to inflammatory
cell infiltrates or leukocyte numbers per high power field between those with a
diagnosis  of  COVID-19  and  those  without.  These  findings  suggest  that  among
individuals with COVID-19, overt myocarditis may not be identified in the acute
phase,  but  the  long-term  consequences  of  this  cardiac  infection  needs  to  be
elucidated.

Global View of Myocardial Infarction (STEMI / NSTEMI) After COVID-19

Due  to  the  serious  increase  in  COVID-19  cases  all  over  the  world,  the  health
system is concerned that the “other” patients will be ignored when its focus has
shifted and faces a serious healthcare burden.

Very interesting data are obtained from the world in this regard. In Hong Kong,
Tam  et  al.  shared  data  which  indicated  that  the  ‘speed  of  care’  was  severely
affected after COVID-19 in STEMI cases (Tam et al, 2020). In Hong Kong, there
was  a  rapid  increase  in  the  duration  of  the  ambulance  reaching  to  the  patient
(Symptom onset to first medical contact) from 80-90 minutes to 318 minutes after
the call. This raises a concern that healthcare system in the COVID-19 era may
not  be  able  to  care  for  cardiac  emergencies  adequately  due  to  the  burden  and
chaos it brings to most institutions.

Diagnostic Strategies:

In the pandemic period, invasive procedures necessitating close contact with the
patient  carry  a  high risk  for  disease  transmission.Thus,  additional  non-invasive
evaluation is required in the ED to verify the diagnosis, as STEMI cases can also
be admitted with atypical symptoms and signs. In this way, both COVID-19 risk
classification is made and the diagnosis is tried to be clarified in terms of STEMI.
Myocardial  wall  movement  deficits  are  evaluated  by  POCUS  or  bedside
echocardiography.  The  diagnosis  is  clarified  by  clinical  examination,  ECG,
laboratory (enzyme elevation), and imaging data. Coronary CT-angiography can
be considered, for example, where ECG and echocardiography are vague and the
patient is stable. Catheter laboratory activation should be considered immediately
thereafter.

Myocarditis, which is more common in viral infections such that in the COVID-
19 period, may also mimic STEMI. Among patients with COVID-19, death was
found to be significantly more common in patients diagnosed with myocarditis.
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Treatment Strategy: PCI or Fibrinolysis?

The standard method for STEMI patients during the pandemic period will be the
primary PCI within the appropriate time frame (Mahmud et al, 2020). In all cases,
catheterization  should  be  considered  as  a  priority  in  the  management  of
hemodynamic unstable patients. For this procedure, PPE should be fully worn and
the intervention applied in a specially designed and adapted catheter laboratory. In
the  USA,  the  consensus  document  published  with  associations  of  cardiologists
and  emergency  physicians  stated  that  fibrinolytic-based  strategies  will  be
developed in cases where PCI cannot be implemented or the timing will not be
correct (Mahmud et al, 2020).

Respiratory decompensation in intubated cases with severe COVID-19 in whom
ARDS is also in the differential diagnosis should be evaluated on a case-by-case
basis. There should be a critical assessment as to whether the patient will benefit
from an invasive approach to have an impact on life expectancy.

Did The Pandemic Affect Heart Attacks?

Yes, a lot. Italian researchers reported that the number of patients with STEMI or
NSTEMI  admitted  to  the  catheter  laboratory  during  the  COVID-19  epidemic
period decreased significantly, compared to the same period of the previous year
(De Rosa, 2020). They found a total reduction of 48.4%, (26.5% in STEMI and
65% in NSTEMI) (P <0.001). The decrease in female patients with STEMI was
more  pronounced  than  in  men  (41.2%  vs.  17.8%).  Although  the  pandemic
primarily  affected  Northern  Italy,  a  similar  decrease  occurred  in  Southern  and
central Italy in a few weeks. STEMI case fatality rate boosted significantly with
the  pandemic  compared  to  last  year  [risk  ratio  (RR)  =  3.3,  P  <0.001].
Complications also increased (RR = 1.8, P = 0.009). This is an alarm finding in
terms of public health and must be dealt with robust interventions.

COVID-19 IS ASSOCIATED WITH CVD IN 5 DIFFERENT WAYS:

People who have previously been diagnosed with CVD have an increased risk1.
of more severe disease and death when they are infected with COVID-19.
COVID-19  directly  or  indirectly  causes  CV  complications.  These  are  AMI,2.
arrhythmias, myocarditis and VTE.
Medicines  and  other  treatments  for  COVID-19  can  damage  CVS,  as  in3.
hydroxychloroquine.
Patients  may become susceptible  to  disease transmission for  reasons such as4.
going out to hospital for CV care, breaking a quarantine, etc.
The  management,  diagnosis  and  treatment  of  CVD  may  be  delayed  and  the5.
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clinical course may deteriorate due to the treatments and other problems in the
pandemic environment (Table 2).

Table  2.  The  problems  encountered  in  the  pandemic  process  in  the  care  of  CVD  emergencies  and
similar cases.

Problem Source Description

Reasons arising from
the patient:

Drug use and disruptions in follow-ups

Inability to go to the hospital with the fear of COVID-19

Difficulties getting an appointment for examination or follow-up

Difficulties in asking questions, consulting in urgent situations

COVID-19-related problems experienced by the patients’ caregiver or next of kin

Causes arising from
the hospital /

physician:

Disruptions such as changing the patient's permanent physician and care team,
getting sick, death

Material supply and problems in the arrangement of the catheter lab team

Changes in interpretations in diagnosis and treatment protocols due to COVID-19
contamination concerns (such as fibrinolytic administration rather than PCI,

keeping the patient free from interventions)

System-related
problems

Failure to adequately protect the physician and the patient due to shortages in
providing PPE

Failure to provide the system organization and materials to initiate
procedures/interventions safely

Insufficiency in online systems to facilitate counseling, asking questions, etc.

Underdeveloped home care systems

Case Report:

An  obese  black  American  woman  in  her  60s  was  admitted  to  ED  with  chief
complaint of chest pain (Fig. 2). She gives a medical history of coronary artery
disease  (had  multiple  stents),  COPD  (and  smoking  actively),  pulmonary
hypertension, and uncontrolled diabetes. (Adapted from Siddamreddy et al, 2020).
Echocardiogram showed moderately  reduced ejection fraction (EF)  of  30-35%.
Emergent  left  heart  catheterization  showed  subtotal  occlusion  of  her  previous
stent  in  the  right  coronary  artery  (RCA).  She  was  treated  with  aspiration
thrombectomy and a drug eluting stent placement. The patient was transferred to
ICU  after  the  stent  placement  and  was  initially  placed  on  BIPAP  followed  by
intubation due to worsening hypoxia. X-ray repeated at that time showed bilateral
ground glass opacities (GGO) consistent with ARDS (Fig. 3). She was started on
HCQ along  with  azithromycin  immediately  and  continued  on  MV with  ARDS
protocol. Her troponins peaked to 18 and then started to trend down.
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Fig. (2).  (A/B). A. ECG revealed ST elevations (red arrow) in leads II, III, and aVF with reciprocal changes
in V1,  V2,  V3 (blue arrow) which are interpreted to indicate acute inferior  wall  STEMI.  B.  Chest  X-ray
suggesting bilateral pulmonary edema, secondary to STEMI.

Fig. (3).  Chest X-ray showing bilateral GGO with worsening aeration suggestive of ARDS (arrows).

A 
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Damage Relationship with ACE2 Receptors:

The 'viral surface spike protein' or widely known ‘S protein’ binds to the ACE2
receptor, which is the entrance gate for the virus to enter the cell (Hoffman et al,
2020). There are also ACE2 receptors in various tissues and organs such as heart,
vascular endothelium, lungs (type II alveolar cells) kidney, intestines (Zhao et al,
2020;  Zhang  et  al,  2020;  Tikellis  et  al,  2012).  This  is  the  rationale  for  the
development of “multiorgan” failure in patients with COVID-19. It is also thought
that  the  disease  progresses  more  severely,  since  ACE2  receptors  increase  in
smokers,  hypertensive  patients,  and  those  diagnosed  with  heart  failure.

What Should Be Done?

Although it  is  understandable  and necessary  for  the  ambulance  and emergency
care system to pay special attention to suspected COVID cases, it is also vital that
other patients in need of emergency care are not left behind. While adapting to the
new  challenging  pandemic  milieu,  this  point  should  be  emphasized  in  training
healthcare workers- EMS personnel, physicians, and nurses.

COVID-19 and Myocardial Damage, Myocarditis

In the COVID-19 pandemic, which was ignited in China in December 2019 and
gained prevalence mainly in Europe and America after March And April 2020,
the patients mostly needed critical care due to bilateral pneumonia and respiratory
failure.  However,  it  is  known  that  signs  and  symptoms  consistent  with
myocarditis  can  ensue  in  a  certain  group  of  COVID-19  patients.

Myocarditis  is  an  inflammation  of  myocardial  tissue.The  entity  is  triggered  by
exposure  to  infection,  toxic  effects,  or  autoimmune  causes.  Viruses,  bacteria,
fungi,  autoimmune disease,  and  sometimes  pharmacological  agents  can  lead  to
myocarditis. There are cases that are symptomatic within hours while some are
delayed to months.

It  is  reported  at  any  age,  but  young  people  are  inflicted  more  commonly.  Its
incidence  has  increased  in  the  recent  decades  globally.

The most common agent is cardiotrophic viruses; Enteroviruses from the family
of  picornaviridae  (e.g.  Coxackie  B  virus),  adenovirus  (ADV),  human  herpes
virus-6  (HHV6),  parvovirus-B19  (PVB19)  and  cytomegalovirus  (CMV).  Apart
from  these,  HIV,  mumps,  Epstein-Barr  virus  (EBV)  coronaviruses  (CoV)  and
influenza are also effective in selected cases. The pathophysiological mechanisms
also vary depending on the causative agent.  It  can also be triggered by electric
shock, hyperpyrexia, radiation.
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Viral  etiology  has  been  reported  to  be  between  37% and  77% in  patients  with
myocarditis (Pankuweit et al,  2003; Kuhl et al,  2005). In patients with ejection
fraction below 45%, viral etiology was found to be 42% (Marburg registry).

In a cohort of 100 patients recently recovered from COVID-19 infection, cardiac
MRI  revealed  cardiac  involvement  in  78  patients  (78%)  and  myocardial
inflammation in 60 (60%), regardless of comorbid diseases, severity, and overall
course of the acute illness (Fig. 4) (Puntmann et al, 2020). The authors concluded
that long-term cardiovascular outcomes need to be studied extensively.

Fig.  (4).   Cardiac  MRI  of  an  elderly  patient  with  elevated  high-sensitivity  troponin  T  level.  Pericardial
effusion and enhancement (arrowheads) and epicardial and intramyocardial enhancement (arrowheads) are
remarkable (Adapted from Puntmann, 2020).

Fulminant Myocarditis (FM)

Mechanism:

Since cytokine storm is the leading pathophysiological mechanism especially in
patients with multiple organ failure following COVID-19, development of FM is
also suggested to be related to this inflammatory phenomenon (Chen et al, 2020;
Wang et al, 2020). Patients with FM have a case fatality rate of 40% to 70%. FM
should be given priority in the differential diagnosis and should be ruled out in
patients with high levels of cTnI and BNP or newly ensued arrhythmia. When FM
develops in the course of viral infection, treatment should be commenced early
and expediently (Fig. 5). Steroids, IV immunoglobulin, neuraminidase inhibitors,
and active mechanical life support interventions, e.g. MV and intra-aortic balloon
pulsation  (IABP)  may  be  required.  ECMO  and  pacemaker  insertions  are  also
evaluated  case  by  case  basis.
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Fig. (5).  (A/B). USG image of a patient with cardiogenic shock after acute viral myocarditis. Vena cavae
turned into a wide and immobile channel. Edema and thickness are notable in the myocardium.

A Case with COVID-19 Myocarditis:

A 63-year-old male in China was reported to have presented with signs of heart
failure  concurrent  with  elevated  troponins.  Sputum  PCR  test  was  positive  for
COVID-19  and  negative  for  other  viral  factors  and  therefore  the  patient  was
diagnosed with COVID-19 myocarditis (Zeng et al, 2020). Heart failure was also
confirmed  by  echocardiography,  together  with  increased  IL-6  levels.  After
antiviral treatment and mechanical life support, ejection fraction increased up to
68%, troponin levels decreased to normal. The patient eventually died on the 33rd

day of hospitalization with secondary infection.

Symptoms and Signs in Myocarditis

It  may  go  undetected  asymptomatic  or  mildly  symptomatic  for  a  certain  time
period. Rarely, it can progress rapidly to a severe HF, respiratory insufficiency,
and death.
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It can be evident with acute, subacute and chronic stages. In acute myocarditis,
colds,  flu-like  syndrome,  myalgia,  diarrhea  or  similar  complaints  of  the  upper
respiratory  tract  or  gastrointestinal  tract  are  noted  initially.  In  days  to  weeks,
complaints such that weakness, fatigue, shortness of breath, somatic chest pain,
and  palpitations  can  ensue.In  cases  with  severe  myocarditis,  “classical  triad”
occurs  as  chest  pain,  arrhythmia,  and  heart  failure.

In a small group of patients, signs of tachycardia, general moribund status, and
tachypnea,  which  are  not  proportional  to  fever,  can  be  seen.  As  a  major
complication, dilated cardiomyopathy (DCMP) develops in 16% of adults, and in
almost half of the children.

On  physical  examination,  tachycardia,  softened  S1,  S3  gallop  rhythm,  mitral
and/or  tricuspid  insufficiency/  murmurs,  pericardial  rub  can  be  auscultated.  It
should be kept in mind that cardiac involvement can develop rapidly in a patient
with COVID-19.

Myocarditis  should  also  be  considered  in  patients  with  rapidly  developing
‘idiopathic’ DCMP, ventricular arrhythmia, shocky states, and AMI-like changes
in their ECG despite normal coronary imaging.

Ancillary Studies

CRP and BNP levels are reported to be significantly higher (3 times or more) in
COVID-19 patients with myocardial damage than those without (He et al, 2020).
ECG can reveal wide QRS, tachycardia and low voltage. It may also masquerade
an AMI pattern. Delayed interventricular conduction may be noted. For example,
right bundle branch block (RBBB) is remarkably common in Chagas myocarditis
caused by Trypanosoma Cruzii. QRS expansion (> 120 msec) is a grave outcome
indicator.

Cardiac enzymes, troponins may rise and are mostly proportional to severity of
myocardial damage. However, it should be born in mind that myocarditis can be
seen in patients with normal troponins.

Imaging:  Doppler  USG  /  echocardiogram  and  MRI  are  important  diagnostic
studies  for  these  entities.

USG / Echo:  Bedside echo /  POCUS can be a life saver in those with rule-out
pericarditis,  especially  in  tamponade.  Echocardiography  can  show  global
hypokinesia and regional wall motion abnormalities. Although the appearance of
typical  findings for  bacterial  endocarditis  e.g.,  vegetation can be diagnostic,  its
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absence does not rule out the diagnosis. Duke criteria are an important guide in
this regard (Table 3).

Table 3. Modified Duke Criteria.

A. Definitive infective endocarditis

    + Pathological criteria

            - Demonstration of microorganisms in vegetative debris, intracardiac abscess or embolism by
culture or histological examination

            - Pathological confirmation of the presence of vegetation or intracardiac abscess with a
histology indicative of active endocarditis

    + Clinical criteria

            2 major criteria or 1 major and 3 minor criteria or 5 minor criteria

B. Possible infective endocarditis

            + 1 major + 1 minor criterion or + 3 minor criteria

C. Rule out criteria:

            + A strong alternative diagnosis which can explain the signs and symptoms that are thought to
be related to endocarditis, or

            + Endocarditis symptoms and signs disappear with antibiotic treatment lasted for four days or
less; or

            + No finding in favor of infective endocarditis in surgical or autopsy material in patients
receiving antibiotic therapy

Fig.  (6).   CT  image  of  an  35-year-old  woman  with  pleural  effusion  and  hepatitis.  Thickening  of  the
myocardium secondary to inflammatory edema is evident. The diagnosis is acute myocarditis.
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In  stable  cases,  chest  X-ray  /  Telecardiogram  is  useful  to  rule  out  differential
diagnoses.  Pneumonia,  pneumothorax,  PTE  should  definitely  be  excluded,  as
these  are  in  the  list  of  differential  diagnosis  and  also  can  develop  as  a
complication  of  the  disease  sought  for.  Cardiomegaly  /  DCMP  can  ensue  in
patients  with  chronic  pericarditis  and  myocarditis  (Figs.  6  &  7).

Table 4 shows signs and symptoms, diagnostic and therapeutic characteristics in
myocarditis, endocarditis, and pericarditis.

Table 4. Signs and symptoms, diagnostic and therapeutic characteristics in myocarditis, endocarditis,
and pericarditis.

Disease Endocarditis Myocarditis Pericarditis

Symptoms Weakness/Malaise
Chest pain

Fever, chills, sweating,
chills (high fever in

bacterial origin)
Palpitation

Shortness of breath
Altered mental status
Signs& symptoms of

septic / mycotic
embolism

Weakness/Malaise
Chest pain

Mild fever, perspiration
(High fever in bacterial /

protozoal origin)
Complaints about heart

failure: palpitations, shortness
of breath, abdominal pain
Signs and symptoms of

thromboembolism
Altered mental status

Weakness/Malaise
Chest pain (may decrease

with leaning forward)
Pain on the back, neck,

shoulder
Mild fever, perspiration

Palpitation
Dry cough

Shortness of breath, near-
syncope (especially in

tamponade)
Complaints of comorbid
disease (RF, cancer, etc.)

Finding Tachycardia, Gallop
rhythm (S3)

Septic appearance
High fever Hypotension

Poor condition
Osler nodules, Janeway

lesions

Tachycardia, Gallop rhythm
(S3)

Mitral and / or tricuspid
murmurs, Pericardial rub

Peripheral / scrotal edema,
Hypotension

Poor condition

Friction rub in auscultation
Poor peripheral perfusion

Tachycardia /
tachyarrhythmias

Distended neck veins
Peripheral / scrotal edema,

Altered mental status
in advanced cases /

tamponade

Lab ECG (not much useful)
Tachycardia is evident
CRP / ESR / leukocyte

elevated

ECG: ST-T changes, wide
QRS, tachycardia, low voltage

CRP / ESR / leukocyte
elevated

Cardiac enzymes may rise
Endomyocardial biopsy /

immunohistochemical
examinations (PCR)

ECG: ST-T changes
CRP / ESR / leukocyte

elevated
Cardiac enzymes may be

elevated (in case of
myopericarditis)
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Disease Endocarditis Myocarditis Pericarditis

Imaging
recommendation

and finding

Chest X-ray to rule out
pneumonia, HF

Echocardiography /
POCUS (See Duke

criteria)
CT or cardiac MRI in

selected cases

Chest X-ray to rule out
pneumonia, HF

Echocardiography / POCUS:
Global hypokinesia, regional

wall motion abnormalities
CT or cardiac MRI in selected

cases

Chest X-ray to rule out
pneumonia, HF

(cardiomegaly only seen if
fluid collection of more than

250 mL)
Echocardiography / POCUS:

(normal does not rule out
pericarditis)

Diastolic chamber collapse
is diagnostic for tamponade.

CT or cardiac MRI

Treatment Supportive therapy (O2,
fluid, rest) gets priority.

Combined antibiotic
therapy

Agent-specific therapy
(antibiotic, antiviral or

antimycotic)

Supportive therapy (O2, fluid,
rest) gets priority.

Agent-specific therapy
(antibiotic, antiviral or

antimycotic)

Supportive therapy (O2,
fluid, rest) gets priority.
Agent-specific therapy
(antibiotic, antiviral)

Ibuprofen or other NSAIDs
Colchicine can be added in

recurrent cases
Pericardiectomy may be
required in constrictive

pericarditis
Dialysis is emergently
performed in uremic

pericarditis
If findings of tamponade
are present: Right heart

filling pressures should be
augmented by administering

IV fluids; perform
pericardiocentesis or open

pericardial window.

Management

Patients  who  are  considered  to  have  myocarditis  should  be  hospitalized.  They
should be closely monitored with regard to HF, DCMP, arrhythmias, conduction
disorders and TTEE. Exertion should be avoided during recovery. Fever should be
treated,  if  any.  Additional  oxygen  can  be  given  in  accord  with  the  patient's
condition. Fluid treatment may be required, but in case of HF, monitoring CVP
and prevention of hypervolemia should be considered. Frequent assessments of
the  vena  cavae  would  be  an  excellent  guide  fort  his  task.  Water  and  salt
restrictions  are  made  when  necessary.

Specific  treatments  are  to  be  performed  should  specific  myocarditis  agents
(Chagas, Lyme, Diphtheria, AIDS, echinococci or fungi) be identifed in selected
cases.

(Table 4) cont.....
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Fig. (7).  (A/B). Diffuse myocardial signal hyperintensity in the ventricular walls in short axis (A) and 4-
chamber images (B) with “short tau inversion recovery” (STIR) sequences. The findings are suggestive of
interstitial edema secondary to myocardial inflammation.

In the presence of influenza epidemic, oseltamivir and similar antivirals should be
commenced at the earliest period in case of a suspicion of myocarditis.

IV immune globulins (IVIG): Although IVIG are not indicated routinely, they
can be useful in selected cases (Robinson et al, 2015).

Specific haemodynamic treatments: ECMO, IABP can be pleasing when started
as early as possible in selected cases.

THROMBOTIC  EVENTS,  BLEEDING,  COAGULOPATHIES,  AND
COVID-19

Thrombosis  and  thromboembolic  events  (TTEE)  are  in  a  two-way
relationship  with  COVID-19:  A  patient  with  TTEE  can  be  infected  with
COVID-19, and a patient with COVID-19 can develop TTEE. Both bleeding and
thrombosis  cause  significant  morbidity  in  patients  with  COVID-19.  Likewise,
bleeding  and  thrombotic  events  are  more  common  in  patients  who  died  after
COVID-19 when compared to mild cases. Patients with high D-dimer levels have
a significantly increased risk for TTEE, bleeding, critical illness, and death. Mean
values of fibrinogen, ferritin, PCT are also higher in patients with thrombosis. In
addition, the risk of pulmonary thromboembolism (PTE) is found to be higher in
COVID-19  patients.  Although  it  is  reasonable  to  administer  intensive
anticoagulant prophylaxis, randomized studies are needed to estimate the benefit-
to-harm ratio in this treatment.

The tendency to coagulopathy and TTEE appears to be a serious risk factor for
admission to critical care and grave outcomes. Clinicians should be alert to notice
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the  hallmarks  of  TTEE  and  also  to  take  necessary  measures  for  expedient
management  of  this  pathological  process

Thrombosis  and  thromboembolic  events  (TTEE)  are  in  a  two-way  relationship
with  COVID-19:  A patient  with  TTEE can  be  infected  with  COVID-19,  and  a
patient with COVID-19 can develop TTEE (Fig. 8).

Fig. (8).  The multifaceted interaction between SARS-CoV-2 is depicted in the figure.

Cytokine-Mediated  Alveolar  Inflammation  Triggers  the  Formation  Of
Microthrombi In The Pulmonary Vasculature,  Which Can Culminate Into
Thrombi Or Embolism In Severe Cases

Both  bleeding  and  thrombosis  cause  significant  morbidity  in  patients  with
COVID-19. Bleeding and thrombotic events are more common in patients who
died  after  COVID-19  when  compared  to  mild  cases.  Al-Samkari  et  al.
investigated  coagulopathy,  bleeding,  and  thrombosis  in  400  COVID-19  cases
admitted  into  the  hospital  in  multicenter  recording  studies  (Al-Samkari  et  al.,
2020). There is 4.8% VTE / TTEE in the sample and a total of 9.5% thrombotic
complication rate. A rate of 4.8% was observed for bleeding complications in the
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whole group. In critical patients, TTEE is noted in 7.6% and bleeding in 5.6%, in
view  of  these  bleeding  rates.Although  it  is  reasonable  to  administer  intensive
anticoagulant  prophylaxis,  randomized  studies  are  a  prerequisite  to  foresee  the
benefit-to-harm ratio in this treatment.

Increased  D-dimer,  PT,  aPTT,  CRP,  ESR,  and  PCT  Levels  Noted  on
Presentation were Found To Be Associated With Death In Covid-19 Patients
(Al-Samkari et al., 2020)

Patients with D-dimer level> 2,500 ng / mL have a significantly increased risk for
TTEE,  bleeding,  critical  illness,  and  death.  (aOR  for  thrombosis,  6.79  (2.39-
19.30),  aOR  for  bleeding,  3.56  (1.01-12.66)]  (Tables  5  and  6).

Table 5. Laboratory data showing increased risk for thrombosis.

D-dimer> 2,500 ng / mL [aOR, 6.79 (2.39-19.30)],

D-dimer> 1000 ng / mL and <2,500 ng / mL [(aOR, 3.04 (1.26-7.31)],

PLT> 450 × 109 / L [aOR, 3.56 (1.27-9.97)],

CRP> 100 mg / L [aOR, 2.71 (1.26-5.86)],

ESR> 40 mm / h [aOR, 2.64 (1.07-6.51)].

Table 6. Laboratory values which indicate increased risk for bleeding (Al-Samkari et al, 2020).

Variable Level Note- interpretation

PLT <150 x 109 / L [OR 2.90 (1.05-7.99)] independent risk also for major bleeding

D-dimer > 2500 ng / mL, [OR 3.56 (1.01-12.66)] not for major bleeding
The level of D-dimer taken on presentation is highly predictive for bleeding, VTE / TTEE, critical illness and
death.  Pulmonary thromboembolism (PTE) and COVID-19: Is the risk of PTE higher in COVID-19 than
other viral syndromes?

Additional Note: Mean Values Of Fibrinogen, Ferritin, Pct Are Also Higher
In Patients With Thrombosis

Zhou et al. reported that advanced age, D-dimer level> 1 μg / mL, and high SOFA
score  on  presentation  increased  the  likelihood of  in-hospital  death  (Zhou et  al,
2020).

In  patients  with  bleeding,  higher  rates  of  DIC,  thrombocytopenia  and
hypofibrinogenemia  were  found  when  compared  to  the  others.

Yes.  French  researchers  compared  COVID-19  patients  with  Influenza  patients
admitted with respiratory failure in ICU in 2019 with regard to PT. They reported
that despite the higher frequency of CTPA in influenza patients in  2019,  the  rate
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of PTE was lower than that of COVID-19 patients (Poissy et al, 2020). In other
words,the risk of PTE is found to be higher in COVID-19 patients.

In a Dutch study,the rate of diagnosis of VTE  via  CT angiogram and / or USG
was  27%  and  arterial  thrombotic  events  were  3.7%  in  patients  hospitalized  in
ICUs  in  3  hospitals  (Klok  et  al,  2020).  PTE  has  been  reported  as  the  most
common  thrombotic  complication  (n  =  25,  81%).  It  is  recommended  that
thrombosis prophylaxis and even high doses of heparin prophylaxis are given to
COVID-19 patients (enoxaparin 40 mg BID).

The rate of thrombotic complications in ICU patients with COVID-19 infections
increase  as  time  passes  through  the  first  two  weeks  (Klok  et  al,  2020).  The
authors  also  listed  the  local  protocols  for  thromboprophylaxis  in  Netherlands.

It  has  been  revealed  in  a  new  study  that  40%  of  patients  hospitalized  with
COVID-19 in China have been categorized in the high-risk group for TTEE/VTE
(Wang et al, 2020).

The tendency to coagulopathy and TTEE appears to be a serious risk factor that
paves the way to critical  care.  A substantial  percentage of  critically ill  patients
admitted to the ICU had an increased likelihood for hypercoagulability and TTEE.

Pathological Mechanism

Infection leads to endothelial dysfunction and hyperinflammatory medium. This
increases thrombin formation and reduces fibrinolytic activity (Levi et al, 2017).

Hypoxia  triggered  by  pneumonia  increases  thrombosis  and  therefore  viscosity
(Gupta  et  al,  2019).  The  microthrombi  that  obstruct  pulmonary  small  vessels
detected in the autopsies of COVID-19 patients support this opinion (Luo et al,
2020). As a result, fibrin deposits and microcirculation thrombosis appear to be
the last step of the coagulation cascade in the alveolar and interstitial lung areas.
This phase contributes to respiratory failure in COVID-19 cases.

In a large observational cohort study, Heparin was used in 1734 severe patients
with COVID-19 (Ayerbe et al, 2020). Thromboprophylaxis was associated with
lower mortality when the model was adjusted for age and gender, with OR (95%
CI)  0.55  (0.37–0.82)  p=0.003.  This  association  remained  significant  when  O2
saturation 37°C were added to de model with OR 0.54 (0.36–0.82) p=0.003, and
also when all  the other  drugs were included as covariates  OR 0.42 (0.26–0.66)
p<0.001.
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Case:  In Italy,  a  50-year-old man presented with acute chest  pain and exertion
dyspnea eventually had respiratory failure worsening with PTE (Lorenzo, 2020).
There  is  no  thrombosis  related  medical  history.  There  is  a  history  of  fever,
weakness, and cough two weeks before admission. The home PCR test had been
found positive and the patient was isolated at home. He recovered within 10 days
without any medications. On the 13th day, she presented to the ED with sudden-
onset dyspnea and chest pain. Hypoxic and hypocapnic respiratory failure were
noted.  Hypercoagulability  has  been  demonstrated  by  thrombelastometry.
Hemodynamics are stable. USG revealed DVT in the left tibial vein, and CTPA
demonstrated left lobar, segmental and subsegmental PTE, and bilateral interstitial
pneumonia. IgM and IgG tests are also positive for mycoplasma pneumonia.

The patient was treated with LMWH and azithromycin, hydroxychloroquine, and
levofloxacin. After recovery, LMWH was discontinued and apixaban was started.
He was discharged healthily after 10 days of hospitalization.

Relationship of Laboratory Values And Clinical Course:

The  most  consistent  clinical  predictors  in  patients  with  COVID-19  are  mild
thrombocytopenia  and  elevated  d-dimer  levels  (Fig.  9).  These  two  variables
represent increased risk of admission to ICU and death (Lippi et al, 2020, Lippi et
al, 2020).

Fig. (9).  Diagram showing changes of risk for VTE / PTE in Accord with the severity of COVID-19 (Bikdell
et al, 2020).
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Algorithm 1. Schematization of the recommended workflow in cases with severe
COVID-19 (Adapted from Aryal et al, 2020).

As stated in the Swiss consensus report: “In ICU patients with high levels of d-
dimer,  severe  inflammation,  hepatic  and/or  renal  failure  findings,  impending
respiratory failure, administration of intermediate or therapeutic dose of LMWH
or  unfractionated  heparin  should  be  considered  with  respect  to  the  risk  of
bleeding”  (Algorithm  1)  Casini  et  al,  2020).

Do the Levels of Troponin and Bnp Predict the Severity of Covid-19?

Yes.  This  relationship  has  been  disclosed  in  many  studies  (Lippi  et  al,  2020).
However, troponin levels are elevated not only in COVID-19, but also in many
diseases  such  as  myocarditis,  PTE,  and  AMI  (Januzzi  et  al,  2020).  Similarly,
natriuretic  peptides,  such  as  BNP,  are  elevated  in  many  entities,  such  as  heart
failure.

In  449  patients  with  severe  COVID-19,  coagulation  tests,  medications  and
findings on clinical follow-up were retrospectively analyzed (Tang et al, 2020). In
multivariate  analysis,  D-dimer,  prothrombin  time  and  age  were  positively
correlated with 28-day mortality and negatively with platelet counts. There is no
significant difference regarding 28-day mortality between those who use heparin
and those who do not.  However,  mortality  was lower  in  heparin  users  in  those
with a SIC score of 4 and above (40.0% and 64.2%, p = 0.029) or in those with a
D-dimer> 6 times higher than normal limits (32.8% and 52.4%, p = 0.017). The
SIC score is shown in Table 7.

Table 7. SIC score.

Variable Score Range

Platelet count (x109/L) 1 100 to 150

2 <100

PT-INR 1 1,2 to 1,4

2 >1,4

SOFA 1 1

2 >2

SIC-total score >4 -

In  a  recent  study,  it  was  reported  that  TTEE  were  identified  in  7.7%  in  388
patients  who  were  admitted  to  the  ICU  and  approximately  half  of  them  were
diagnosed within the first 24 hours (Lodigiani et al, 2020). In another series, the
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incidence of VTE was 25% (20/81) and 8 of the patients with VTE (40%) died
(Cui et al,  2020). Age, lymphocyte count, activated partial thromboplastin time
(aPTT) and D-dimer levels significantly differed between the group with VTE and
those without. When 1.5 ug / mL was taken as the D-dimer cut off value to predict
VTE, the sensitivity was 85%, specificity 88.5%, and negative predictive value
(NPV) was 94.7%.

Literature  findings  and  our  experiences  lead  to  the  recommendation  for
thromboprophylaxis in all severe and critical COVID-19 patients admitted to the
ED  or  ICU,  and  are  strongly  suggestive  of  increasing  the  prophylaxis  towards
high-prophylactic  doses.  Data  favoring  heparin  for  COVID-19  is  sufficiently
robust to justify urgent randomized controlled trials to determine the safety and
effectiveness of this therapy.

CONCLUSION

COVID-19 pandemic both causes CVD and is affected by it. Myocardial damage
contributes to CVD-related mortality due to increased metabolic stress. During the
diagnosis  of  COVID-19,  myocardial  damage  should  definitely  be  identified  /
excluded,  and its  management  should be  planned first.  The inability  of  cardiac
patients  to  receive  the  usual  care  they  receive  under  pandemic  conditions  also
threatens  the  public  health.  While  it  is  understandable  and  necessary  for  the
healthcare  organization,  including  the  ambulance  personnel  and  emergency
medical services, to pay special attention to suspected cases of COVID-19, it is
also vital that other urgent patients are not left in the back row during ambulance
calls. It is vital that hospital outpatient follow-ups are also designed to give the
best  possible  ambulatory  care  to  non-COVID-19  cases.  In  summary,  while  the
health  system provides  optimal  care  for  COVID-19,  it  should  not  ignore  other
patients in chronic and acute processes. While adapting to the new situation and
pandemic, this point should be emphasized in team trainings.
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CHAPTER 8

Gastrointestinal Signs and Symptoms in the Course
of COVID-19

Abstract: Nausea/vomiting, diarrhea, abdominal pain, and ageusia are gastrointestinal
(GI) symptoms commonly recorded in the pandemic. The gastrointestinal system (GIS)
is important in diagnostic procedures screening for COVID-19. This chapter aims to
highlight this important aspect of the course of COVID-19, with a special emphasis on
diagnostic opportunities.

Many articles cited that GIS is closely related to COVID-19 in certain aspects. First of
all, GI complaints and their severity show a strong correlation with the severity of the
disease. Second, GI signs and symptoms are associated with higher AST and ALT and
coagulation deficiencies.  Patients  with GI signs tend to have fever more frequently;
however, they have a less severe course disease. Liver injury is seen more commonly
in males and associated with lymphocytopenia, neutropenia. It has been observed that
AST is associated with mortality in COVID-19. Inflammatory bowel diseases are not a
high risk for COVID-19.

The objective of this chapter is to highlight the value of GI signs and symptoms in the
evaluation  of  the  patient  suspected  to  have  COVID-19  and  to  focus  on  the  need  to
assess specific clues ruling in and out the disease.

Keywords:  ACE2  receptors,  Anal  swab,  COVID-19,  Diagnosis,  Fecal  RNA,
Gastrointestinal  complaints,  Inflammatory  bowel  diseases,  Liver  disease,  Liver
enzymes.

INTRODUCTION

There  is  a  considerable  deficiency  in  diagnosing  all  patients  suspected  to  have
contracted  the  disease  of  COVID-19.  Respiratory  signs  can  lag  behind  others,
e.g., muscle aches, anosmia, dysgeusia, nausea, diarrhea, and other GI symptoms
in  many  patients.  An  elaborate  evaluation  of  the  patient  should  comprise  an
examination  of  all  systems  to  compose  a  whole  picture.

Gastrointestinal system (GIS) does not champion among the systems damaged by
the  disease  process  of  COVID-19.  COVID-19  inflicted  more  than  55  million
people  around  the  world,  officially  causing  more  than  1.300.000  deaths  in  ten
months. Dyspnea, fever, and dry cough are known to be recorded most commonly
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in the verified patients, followed by muscle/joint pain, headache, nausea/vomiting,
diarrhea, cerebrovascular symptoms, anosmia, etc., with considerable variations
between  countries  and  regions,  also  showing  temporal  differences  within  the
pandemic  process.

Instead, GIS is important in diagnostic procedures in screening for COVID-19 in
a given patient. SARS-CoV-2 RNA can be found throughout the GIS channel and
thus  in  the  feces  in  a  longer  time  window  than  in  the  respiratory  tract.  The
infection  continues  in  faeces  in  cases  with  very  few  symptoms,  even  in
asymptomatic  ones.  RNA  positivity  in  GIS  and  faeces  is  both  a  diagnostic
opportunity  and  indicates  a  dangerous  situation  for  both  healthcare  workers
carrying out procedures (e.g., endoscopy, rectoscopy, digital rectal examination
etc.)  and  also  household  members  and  the  public,  in  regard  to  fecal-oral
transmission.

GIS has been linked with COVID-19 also for patients with chronic disorders of
GIS such that liver disease, inflammatory bowel diseases (IBD), and others.

This  review  aims  to  highlight  this  important  aspect  of  the  COVID-19  clinical
course, with a special emphasis on diagnostic opportunities related to GIS.

HOW  IMPORTANT  IS  GIS  IN  THE  PATHOPHYSIOLOGY  OF  THE
VIRUS?

SARS-CoV-2 shows an affinity for every cell,  which conveys ACE2 receptors.
Since these receptors are abundant in GIS, these tissues can host the virus. The
virus  is  excreted  abundantly  via  faeces  during  acute  illness,  mostly  in  severe
patients.  Faecal-oral  transmission  occurs  in  10% to  53% of  patients.  The  most
important aspect of GIS in the diagnosis of COVID-19 is that the RNA positivity
in faeces continues much longer (up to 50 days) compared to the respiratory tract
samples (maximum 14 days) (Cimolai 2020).

It is known that the SARS virus can be found in the feces / small intestine from
the 7th day in animals, but the viruses placed directly in the stomach do not cause
disease (Nagata, 2020). In specific relation to this, an interesting study revealed
that  viral  RNA  positivity  was  also  evidenced  in  urban  wastewater  (Randazzo,
2020).

Which GI Findings Do We Mention About?

GI findings are commonly recorded in patients with COVID-19, although they are
not  regarded  as  the  so-called  “main  symptoms”  (fever,  shortness  of  breath,
persistent  dry  cough).  Abdominal  pain,  diarrhea,  nausea,  vomiting,  loss  of
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appetite  and  sense  of  taste  (ageusia)  are  the  most  common  GI  complaints
(Cheung, 2020). Although GI complaints are generally considered to be among
the  “atypical  symptoms”  in  COVID-19  cases,  they  can  represent  an  important
adjunct to the main findings and help in the diagnosis of the disease. In rare cases,
GI symptoms may ensue as the main complaint or finding on presentation to the
hospital. Atypical or infrequent findings may also lead to difficult recognition of
patients and longer hospital stay.

When 1141 cases were analyzed in the beginning period of the epidemic in China,
it  was reported that  183 (16%) presented with GI complaints  (Luo,  2020).  The
most frequently reported among them were loss of appetite, nausea and vomiting,
diarrhea  and  abdominal  pain  (Table  1).  As  a  rule,  this  group  of  patients  had
leukopenia,  lymphopenia,  increased CRP,  and elevated liver  enzymes,  whereas
the kidney function was normal. In 96% of cases, there was evidence of infection
in chest tomography, so it was a severe group of patients.

Table  1.  Possible  GI  complaints  in  patients  diagnosed  with  COVID-19  in  order  of  frequency  and
laboratory findings primarily in patients presenting with GI complaint (Luo, 2020).

Complaints Laboratory Findings

Loss of appetite,
Nausea

Vomiting
Diarrhea

Abdominal pain

Leukopenia (mean 2.7x 109 / L)
Lymphopenia (avg. 0.53x 109 / L)

CRP increase,
Liver enzyme elevation

Normal kidney functions

Ghoshal  et al. published a systematic review and cited that GI symptoms were
found in the whole case pool at a rate of 17.6%, similar to that published by Luo 
et  al.  (Ghoshal,  2020).  There  are  also  studies  reporting  that  patients  with  GI
complaints  have  a  worse  clinical  course.

Liang  W  et  al.  analyzed  three  studies  to  compare  the  incidences  of  signs  and
symptoms known to be the most common ones in patients with COVID-19 (Liang
2020,  Chan  2020,  Chen  2020,  Huang  2020)  (Table  2).  They  noted  that  the
incidence  of  leucopenia,  fever,  and  diarrhea  in  the  three  studies  showed  a
significant difference. Among these symptoms, diarrhea had the smallest p-value
(p=0.016), suggesting that the criteria for diagnosing diarrhea may differ between
hospitals. Therefore, clinicians may underestimate the value of this symptom in
clinical  practice,  and  it  may  affect  the  preliminary  diagnostic  accuracy.  The
authors  concluded  that  the  Bristol  stool  scale  should  be  carefully  collected  in
these  patients.  Healthcare  workers  should  take  caution  when  their  patients
complain  of  diarrhea  to  mitigate  infection  risks  (Liang,  2020).
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Table 2. Intergroup comparison between three recent publications (Liang, 2020).

Characteristics
Huang et al
(41 Cases)

Chan et al
(6 Cases)

Chen et al
(99 Cases)

Difference Between
Groups

(p value)

Age 49.0 (17.0) 46.2 (28.3) 55.5 (17.7) –

Sex (female) 11/41 (27%) 3 (50%) 32 (32%) 0.4591

Comorbidity 13/41 (32%) 4 (67%) 50 (51%) 0.0818

Fever 40/41 (98%) 5 (83%) 82 (83%) 0.0345*

Cough 31/41 (76%) 4 (67%) 81 (82%) 0.3829

Diarrhoea 1/38 (3%) 2 (33%) 2 (2%) 0.016†

Shortness of breath/ difficulty in breathing 22/40 (55%) NA 31 (31%) –

Haemoptysis 2/39 (5%) NA NA –

Sputum production 11/39 (28%) 2 (33%) NA –

Myalgia or fatigue 18/41 (44%) 3 (50%)‡ NA –

Headache 3/38 (8%) NA 8 (8%) –

Leucopenia 10/40 (25%) 0 (0%) 9 (9%) 0.0443§

Platelet count 2/40 (5%) 0 (0%) NA –
• *Huang  vs Chan: 0.2414; Chan  vs Chen: 1.00; Huang  vs Chen: 0.0235.
• †Huang  vs Chan: 0.044; Chan  vs Chen: 0.016; Huang  vs Chen: 1.00.
• ‡ Symptom: generalized weakness.
• § Huang  vs Chan: 0.3145; Chan  vs Chen: 1; Huang  vs Chen: 0.026.

In  the  study  in  which  COVID-19  cases  in  Hubei  were  analyzed,  respiratory
symptoms  were  reported  in  the  majority  of  the  cases  (89%),  but  every  second
patient complained of GI symptoms (Pan, 2020). Among the GI complaints, the
most common ones were loss of appetite (78%), diarrhea (34%), vomiting (4%),
abdominal pain (2%). It is interesting to note that in 3% of cases, presented with
only GI complaints without respiratory symptoms.

GI complaints increase in parallel with the severity of the disease. Higher liver
enzymes (AST and ALT), prolonged PT and monocytopenia were found in those
with GI findings and complaints. Another important point is that patients with GI
findings  present  later  than  those  with  respiratory  complaints  and  thus,  their
recognition  and  management  lag  behind  others.

Analyzing a series of 157 cases in two hospitals from Hubei, Cao  et al. reported
at least one GI complaint and/or finding at 40% of the sample (Cao, 2020). The
most  frequent  loss  of  appetite  (75%),  nausea  (33%)  and  diarrhea  (40%)  were
recorded among the GI findings. There was no difference in terms of age, gender,
comorbidities between those with and without GIS findings. Interestingly, those
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with GI signs and symptoms experience less severe disease (12.7%  vs. 35.1%).

Viral RNA Positivity in Faeces:

Coronaviruses have been found in faeces since 1980s. Although Rotaviruses and
some  Adenoviruses  are  famous  in  this  regard,  it  is  thought  that  up  to  70%  of
“enteric  viral  particles”  may  be  coronaviruses.  It  has  been  reported  in  many
reports  that  viral  RNA  continues  to  exist  in  faecal  samples  until  after  the
respiratory  symptoms have  been  normalized.  In  a  systematic  review and  meta-
analysis, Parasa  et al. reported that viral RNA shedding was detected in feces in
40.5% (95%CI, 27.4%-55.1%) of patients with COVID-19 (Parasa  et al. 2020).
Although only 12% of patients had GI manifestations of COVID-19, viral RNA
shedding was detected in feces in 40.5% of the same population (Parasa  et  al.
2020).

Researchers  from  China  pointed  out  that  the  positive  rate  of  all  stool  samples
tested was close to or  reached 100% (Xu,  2020,  Zeng,  2020,  Xing,  2020,  Hua,
2020, Liang, 2020). A majority of the patients (71%) were still positive for fecal
RNA after the respiratory specimens turned negative. Furthermore, one-third of
the patients were fecal nucleic acid-positive 15 days after a respiratory specimen
was negative.

Cheung  et al. reported that one-fourth of the patients with SARS-CoV-2 had GI
symptoms and RNA was positive in nearly 40% of patients with diarrhea and only
8.7% in those without diarrhea (Cheung, 2020). Fever was present in 100% of the
sample with GI complaints. In the meta-analytical study, 17.6% of patients have
GI complaints, while the virus positivity in faeces is 48.1%.

Prognosis and GI Symptoms in Adults:

There are few studies in regard to the relation of GI signs and symptoms and the
outcome of COVID-19 cases. Nobel  et al. conducted a retrospective comparative
study  including  278  patients  with  COVID-19,  and  238  patients  with  fever  and
cough attributable to a common respiratory tract infection (Nobel  et al., 2020).
The course of gastrointestinal symptoms was longer in those with COVID-19, but
the  mortality  rate  and  rate  of  severe  disease  were  lower  in  patients  with  GI
symptoms than in those without such symptoms. Of note, among patients meeting
criteria  for  COVID-19 testing,  those  with  gastrointestinal  symptoms were  70%
more likely to test positive (Table 3).
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Table  3.   Rate  of  Positive  or  Negative  COVID-19  Testing  Based  on  Presence  or  Absence  of
Gastrointestinal  Symptoms  (Adapted  from  Nobel   et  al.,  2020).

Symptoms COVID-19 Positive (N = 278) COVID-19 Negative (N =
238)

P  value

Any gastrointestinal symptoms - .04

Present (n = 160) 97 (61) 63 (39) -

Absent (n = 356) 181 (51) 175 (49) -

Diarrhea  a - .14

Present (n = 92) 56 (61) 36 (39) -

Absent (n = 424) 222 (52) 202 (48) -

Nausea/vomiting  a - .36

Present (n = 109) 63 (58) 46 (42) -

Absent (n = 407) 215 (53) 192 (47) -
(a: Frequency of symptom, with or without the other gastrointestinal symptoms; 51 patients had diarrhea only
and 68 patients had nausea/vomiting only).

 
Children and GI Complaints

In  the  early  phase  of  the  COVID-19  pandemic,  there  was  a  common
misconception that children were not to catch the infection easily. As time passed,
the  figures  of  infected  children  have  boosted  worldwide.  In  children,  it  can  be
hard to discern the GI symptoms of COVID-19 from manifestations of other viral
illnesses, drugs’ side effects, and general nonspecific symptoms such as nausea
and  vomiting  and  diarrhea  caused  by  the  disturbance  of  gastrointestinal  flora
(Wang,  2020).

Analysis of 182 pediatric cases with a median age of 6 in China disclosed that the
two most common complaints were fever and cough (43% to 44%, each) (Du H,
2020).  GI  symptoms  were  reported  in  11%  of  cases,  and  mostly  comprised  of
diarrhea, abdominal discomfort and vomiting.

Pediatric Faecal Viral Positivity:

In  the  series  consisting  of  5  symptomatic  and  5  asymptomatic  10  children  in
China, viral RNA positivity was not interrupted in 7 children after discharge of
children  diagnosed  with  COVID-19  (Du  W,  2020).  In  respiratory  samples,  the
median  was  9  days,  while  the  median  was  34.4  days  to  return  to  negative  in
faeces.  Researchers  also  reported  that  there  was  more  RNA  positivity  in  anal
swabs than throat swabs and blood, even more markedly in the late period of the
disease (Zhang, 2020).
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Inflammatory Bowel Diseases (IBD) and COVID-19

There are very few studies specific to this subject. It was reported that most of the
COVID-19 cases (3/4) were female and the mean age was 52 (Taxonera, 2020).
Two  of  three  patients  diagnosed  with  COVID-19  had  to  be  admitted  to  the
hospital. The most common complaint is diarrhea. Mean frequency of stool was
around  5  times  a  day.  The  presenting  symptom  associated  with  COVID-19  is
diarrhea  in  5  patients  (42%).  Diarrhea  can  also  be  the  only  symptom  in  some
patients  (17%).  It  was  reported  that  diarrhea  was  triggered  by  the  initiation  of
HCQ or lopinavir / ritonavir in 4 cases in whom diarrhea was seen after admission
to hospital.

In Spain, 6.2% incidence of COVID-19 have been reported in 1000 patients with
IBD. Since this  number  is  6.6  in  the  general  population,  it  is  thought  that  IBD
may have had a protective role. (OR = 0.74). The mortality rates associated with
COVID-19 in patients with IBD do not differ from the general population. The
standardized  mortality  risk  is  similar  to  the  general  population  with  1/1000
people.

Will We Change The Principles of Management?

There will be no essential change in the management because COVID-19 affects
healthy people as well as those with other diseases (Mao, 2020, WHO; 2020). It is
known  that  Anti-TNF  used  in  the  treatment  of  IBD  can  increase  the  risk  of
catching infection (Ford, 2013). It was also suggested to discontinue therapy with
immunosuppressants  and  biological  agents  in  COVID-19  cases  (IOIBD,  2020,
Rubin,  2020).  Reporting  a  series  from  Milan,  Fiorino   et  al.  argued  that
discontinuation  of  medicines  would  be  the  wrong  choice,  instead,  it  would  be
more beneficial to continue, and it would be wise to delay commencement of de
novo treatment in IBD patients without severe symptoms (Fiorino, 2020). There is
no suggestion regarding discontinuation of steroids.

In conclusion, IBD does not convey a high risk per se for COVID and diarrhea
requires attention as the most common complaint. Also, physicians should bear in
mind that the patient may be diagnosed with COVID-19, even if the sole or main
symptom is diarrhea in patients with IBD. Immunosuppressant agents should be
discontinued.

Hepatic Damage and COVID-19

Liver  disease  is  recognized  in  many  patients  with  COVID-19.  Chronic  liver
disease (CLD) has been reported at a rate of 1.4% in some researches (Lei, 2020).
The most common disease among them is hepatitis. In asymptomatic cases, mild
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liver  damage with  ALT,  AST and GGT elevations  can  be  noted  in  10  to  50%.
There may be a low degree of hyperbilirubinemia. The physician can notice this
with yellow color in the sclerae and darkening in urine color. Mild liver damage
does not  require  any specific  treatment.  Rarely,  liver  damage can lead to acute
liver failure.

In a systematic review and meta-analysis, the pooled rate for AST levels outside
reference ranges was 20% (95% CI, 15.3%-25.6%) of patients, and the pooled rate
for increased ALT levels was 14.6% (95% CI, 12.8%-16.6%) of patients (Parasa 
et  al.  2020).  Elevations  of  AST,  ALT,  and  total  bilirubin  and  low  levels  of
albumin  were  reportedly  associated  with  severe  COVID-19  (Parohan,  2020).

In a large meta-analysis involving more than 6,000 patients, researchers reported
that  abnormal  liver  function  was  recorded  in  19% of  the  patients  and  elevated
liver  enzymes  were  associated  with  severe  COVID-19  course  (OR  =  1.89  for
ALT,  3.08  for  AST)  (Mao,  2020).  Patients  presenting  with  GI  signs  and
symptoms were admitted to hospital later than those without GI symptomatology.
Of  note,  this  group  carries  a  higher  risk  for  ARDS  (OR  =  2.96)  and  poor
prognosis.

In a  retrospective multicenter  study involving more than 5700 adult  cases  with
COVID-19  pneumonia  in  Hubei,  Lei   et  al.  reported  that  AST  is  particularly
closely related to mortality risk among all indicators of liver damage (Lei, 2020).
Liver  damage  indicators  are  mostly  associated  with  lymphopenia,  neutropenia,
and  male  sex.  It  is  postulated  that  AST  values  should  be  monitored  closely.
Median AST levels in non-severe and severe COVID patients were 22 U / L and
31 U / L, respectively (p <0.001).

In the APCOLIS (APASL COVID-19 Liver Injury Spectrum Study) (Sarin, 2020)
the authors revealed that liver-related complications increased significantly with
stage of LD. For example, a Child-Turcotte-Pugh score of 9 or more on admission
was associated with high mortality in the course of COVID-19. A high mortality
rate  (43%)  was  notable  in  decompensated  cirrhotic  cases.  High  bilirubin  and
AST/ALT  ratio  is  also  a  strong  predictor  of  mortality  of  patients  with  CLD.

The mortality increased with SARS CoV2 infection significantly among cirrhotic
patients than those without cirrhosis (p < 0.001) and with decompensation. The
mortality  is  highest  (43%) in  the  spectrum with onset  of  liver  damage.  Among
cirrhosis those exposed to SARS CoV2 infection, the outcome is poor with Child-
Turcotte-Pugh  (CTP)  score  9  or  more  [AUROC  0.94,  sensitivity  86%  and
specificity  of  94%,  HR  =  19.2  (95  CI  2.3–163.3),  p  <  0.001]  (Sarin,  2020).
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Hyperammonemia  was  detected  in  the  examinations  performed  in  two  patients
with  intubation  in  a  large  cohort  of  COVID-19  due  to  delayed  recovery  from
anesthesia  (Honore,  2020).  Both  patients  had  severe  diarrhea  prior  to
hospitalization with COVID-19.  The metabolic  pattern was seen in EEG. They
have responded to  supportive therapy within 48-72 hours  without  any need for
renal  replacement  therapy.  Hyperammonemia  due  to  acute  LF  should  be
distinguished in patients with severe diarrhea and having a poor clinical course.

On the other hand, there is a strong relationship between severe COVID-19 and
LF. In a meta-analysis including more than 4K patients with COVID-19, LF was
recorded in 22.8% (Samidoust, 2020). Liver damage is more frequent and more
severe in severe patients than in mild ones.

CONCLUSION

GIS complaints  are  seen  very  commonly  (16% to  40%) in  these  patients,  even
after  exclusion  of  loss  of  appetite.  Those  with  GI  signs  have  fever  more
commonly,  while  they  experience  milder  disease  course.

While RNA positivity in the GIS provides a major diagnostic opportunity, it also
represents a dangerous situation for healthcare workers and the public in regard to
fecal-oral  transmission.  Signs  and symptoms related  to  the  GIS was  associated
with COVID-19 in patients with chronic disorders such as liver disease and IBD.

RNA  positivity  for  SARS-CoV-2  throughout  the  GIS  channel  and  thus  in  the
feces  persists  longer  than  in  the  respiratory  tract,  especially  in  late-presenting
patients,  even after  discharge.  There are also risks for nosocomial transmission
and  healthcare  workers  should  have  better  protection  in  procedures  such  as
endoscopy.

Patients with GIS signs and symptoms are admitted and hospitalized later than the
patients with dyspnea. The presence and severity of GIS complaints show strong
correlation with the severity of the disease. Those with GIS signs and symptoms
have higher  AST and ALT, and prolonged PT.  Attention should be paid to  the
detection of fecal nucleic acids in most patients, particularly in children. Children
with  GI  symptoms should  be  tested  for  the  viral  fecal  nucleic  acid.  Fecal  viral
nucleic acid-negativity can be considered one of the discharge criteria.

While IBD per se does not pose a high risk for COVID-19, diarrhea is the most
common complaint in these patients. The mortality of cirrhotic patients increased
significantly with SARS CoV2 infection.
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CHAPTER 9

Is  Our  Psychology  Affected  By  the  Pandemic?
How?

Abstract: We are facing a de novo global crisis that we have never faced after World
War II. During the pandemic period, there is an increased and uncontrollable level of
‘information pollution’ compared to the past, especially in social media and other mass
media.  This  increases  the  stress  load  on  people.  Developing  adverse  emotional,
physical, or cognitive responses that arise in response to the effects of the COVID-19
pandemic is viewed as a normal reaction to one’s environment. Anxiety, depression,
and  delirium  can  ensue  as  a  pathological  and  extreme  persistent  response  to  these
stimuli.

During the pandemic period, it is normal to feel down as you get information about it.
In fact, worrying during this process is a necessary reaction to protect ourselves and is
a normal emotional response. Self-awareness and recognition of the psychological and
physical responses getting out of control to decide to get help from professionals are
crucial.

Keywords:  Anxiety,  Cognitive  responses,  COVID-19,  Delirium,  Depression,
Emotional  responses,  Pandemic,  Psychology,  Stress.

WHAT ARE STRESS REACTIONS? WHAT CAN WE DO?

Stress  is  an  emotional,  physical,  and  cognitive  response  in  which  your  usual
general  harmony  is  disturbed  by  the  emergence  of  new  conditions.

We are facing a de novo global crisis that we have never faced after World War II.
Although it seems partially comparable to the AIDS and swine flu pandemics, it
should be considered normal  for  people to  be psychologically affected after  an
event that affects the world extensively, in many aspects (e.g., public health and
socioeconomically).

WHY ARE WE STRESSED DURING THIS PERIOD?

During  the  pandemic  era,  there  is  an  increased  and  uncontrollable  level  of
‘information pollution’ compared to the past, especially in social media and other
mass media . This  increases  the  stress  load  on  people . If  there  is  a  lack  of
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“reliable” information on any subject, the human brain is ready to fill in the gaps
with bad scenarios, which increases anxiety.

The  feeling  that  something  bad  will  happen  to  a  person  or  his  loved  ones  (his
children, parents, spouse, siblings) which will be difficult to prevent, is the most
prominent source of anxiety in the world. The danger of life causes the 'flight or
fight'  response,  which  is  our  most  primitive  reflex.  Considering  that  both
“escaping”  from  the  virus  and  “fighting”  in  a  reasonable  and  effective  way
involve difficulties, it is quite understandable that anxiety is high in the masses
worldwide. On the contrary, it will be abnormal for you to remain unresponsive to
a situation that threatens your life.

ADVERSE  EMOTIONAL,  PHYSICAL,  OR  COGNITIVE  RESPONSES
THAT  ARISE  IN  RESPONSE  TO  THE  EFFECTS  OF  THE  COVID-19
PANDEMIC  INCLUDE

Fear and anxiety for the health of yourself, offspring and next of kin (anxiety),●

Feeling excessive fear / anxiety about being stigmatized and infecting others,●

Feeling tense and overwhelmed, anxiety and fear of ordinary situations,●

Feeling constantly sad, depressed, and tearful,●

Decreased interest in enjoyable activities,●

A change in sleep patterns; difficulty falling asleep, nightmares,●

Increased appetite, A boost in chronic health problems,●

Persistent and repetitive negative thoughts that you cannot control,●

Difficulty to concentrate,●

Memory weakness,●

Physical symptoms: Increase in heart rate (pulse), stomach cramps / discomfort,●

weakness, tiredness

If we summarize the negative effects of these situations on the individual

Feeling hopeless in general,●

Being detached from close people or social environment,●

To be anxious about entering public spaces,●

Being unable to relax, always feeling tense●

Increasing use of alcohol, cigarette, and other substances●
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Patients hospitalized for covid-19 have additional stressors

Not  being  able  to  see  the  staff  and  communicate  easily  due  to  personal●

protective equipment
Social isolation – relatives/loved ones are unable to visit●

The negative effects of noise, alarms, rushing in ED and ICUs●

Hearing about or witnessing other patients or deaths on a mechanical ventilator●

Anxiety about not getting adequate care because of shortage of personnel, and/or●

equipment

Pearl: The development process of our perceptions in the pandemic. When news
of disasters and images of dying people come, people first enter the fear phase.
Then there is the area of learning, and finally maturation on the issue. These areas
may not be separated by clear lines, but may overlap each other. Although it is not
possible  to  pass  through  these  areas  very  quickly  without  digestion,  healthier
transitions  can  be  achieved  with  information  and  solidarity  among  people  and
staying in an area too long can be prevented.

COVID-19 and our Psychology: What do the Researchers Say?

In a national-scale study investigating how the psychological state of the people
was afflicted by the COVID-19 pandemic in China, it was reported that 35% of
people  were  negatively  affected  (Qiu  et  al,  2020).  The  responses  of  more  than
52,000  subjects  were  analyzed,  and  severe  distress  was  found  in  5.1%  of  the
cases. In the regression analysis, female gender, advanced age (especially over 60
years old), high education level, being a migrant worker, living in Hubei where
the disease affected the society more intensely than most places, are significantly
associated with high psychological strain.

In  the  study  started  on  January  31,  it  was  observed  that  the  level  of  stress
decreased as time passed, and even decreased to the lowest level with the Lantern
Festival on February 8. It is thought that this is related to the adequate level of
medical  resources  and  support  throughout  the  country  and  activities  regarding
public awareness. Therefore, it was postulated that “psychological first aid” and
the coordination of measures taken were important during the pandemic period,
and programs specific to women, the elderly and migrant workers should also be
carried out.

SARS-CoV and Psychiatric Syndromes:

There  are  few  studies,  meta-analyzes  or  systematic  reviews  with  high  level  of
evidence regarding psychological disturbances occurring in the course of COVID-
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19 and other SARS-CoV diseases. Rogers et al. analyzed 65 studies and 7 preprint
findings (Rogers et al, 2020).

They stated that in the course of SARS in 2002, mania and psychosis associated
with both steroid treatment and the disease itself occurred at a rate of 0.7% in the
whole affected population. High rates of psychiatric findings were noted during
the recovery period of SARS-CoV diseases:

insomnia 12.1%,●

anxiety 12.3%,●

irritability 12.8%,●

memory impairment 18.9%,●

weakness-fatigue was seen at the rate of 19.3%.●

posttraumatic stress disorder 32.2%,●

depression is as high as 14.9%.●

When the COVID-19 patients were examined specifically, findings suggestive of
delirium were found at a high rate, especially in ICU patients: 69% agitation and
21% altered mental status were recorded

In preprint-level studies in China, it has been pointed out that there is a need for
psychological interventions in addition to antiviral and other treatments in patients
who  are  kept  in  isolation  wards  or  hospitalized  for  COVID-19  pneumonia.
HAMA and HAMD (Hamilton anxiety and depression scales) scores of patients
hospitalized  due  to  COVID-19  are  higher  than  other  patients  with  pneumonia
(Yang et al, 2020).

Kong et al. evaluated 144 patients diagnosed with COVID-19 and reported that
anxiety and depression were encountered with very high frequencies of 35% and
28%, respectively (Kong et al, 2020).

COVID-19 and Dealing with Stress

With the COVID-19 pandemic,  the important  thing as  a  result  of  our  changing
living conditions is recognition of how to cope with stress. First of all we need to
know; before the epidemic, we couldn't control everything in our lives; now we
cannot control either.
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Groups most likely to overreact to stress

The elderly and the groups at  high risk of infected by COVID-19 and having●

severe diseases because of chronic comorbid diseases.
Children and adolescents.●

Healthcare workers who help and care for patients or suspects with COVID-19.●

Those who lost a relative or loved one due to illness.●

People with psychological problems, including substance abuse, especially those●

diagnosed with Obsessive-Compulsive Disorder (OCD) and those with anxiety
disorders.

Coping with Stress

The vast majority of our worries and concerns are related to the future and most of
them  do  not  come  true.  We  can  neither  blame  ourselves  nor  strive  to  change
things that are beyond our control.

Modern life drives us to anxious thoughts. Considering generations ago, levels of
anxiety were also very low, as there was no such advanced technology.

Recommendations for minimizing the effects during the pandemic period

Take a  break:  It  is  wrong if  anything takes  too long hours,  such as  reading,●

watching movies, surfing the internet. You should find ways for taking breaks
when prompted by your body and mind.
Take care of your body: it will benefit yourself to exercise, to eat well and to●

get enough sleep, to stay away from alcohol and drugs.
Do something that will distract you: Always keep yourself busy with things●

that are different from what you do every time. it will be very useful, especially
to produce, to create and learn new things.
Connect with people: Talk to people you trust and love, stay connected.●

What kind of activities are good for you?

Productive activities are always better than doing nothing or passively watching
TV,  or  surfing  in  the  internet.  It  will  be  very  good  for  mental  health  to  grow
flowers  in  pots  or  gardens,  to  write  memories  by  keeping  a  diary,  to  develop
ourselves further and to try to write poems, stories,  if  there is a possibility and
talent, to produce pictures or music. These types of activities are also very useful
in getting your sleep back on track.
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If we can get the stress response right and control it positively, stress is necessary
to  some  extent,  without  any  harm  to  the  body.  additional  tips  can  be  listed  as
follows:

If we obtain information from reliable sources, we will be relieved of the worry●

of information pollution.
Social media is known to increase anxiety in general. Evaluate how much time●

you spend in SM.
Watching news should also be minimized. You can watch it at certain times, for●

example, at most twice a day.
Remember  that  keeping  rhythm,  singing,  and  dancing  accompanied  by  music●

has a soothing effect on your mood.
It is useful to wander outside as much as possible by creating an opportunity.●

It will be beneficial for people who have to stay at home but cannot go outside●

to acquire hobbies and occupations to keep them busy.
Exercise  as  much  as  possible.  By  increasing  the  amount  of  oxygen  that●

circulates  to  the  brain,  sports  strengthen  the  memory  and  increases  brain
performance.  It  also  helps  reduce  unhappiness  and  tension  by  increasing  the
secretion of endorphins. Moreover, when we do sports, we become more rested,
energetic,  and calm.  It  also  improves  our  sleep quality  and allows us  to  cope
with stress more easily.
Practicing breathing exercises and learning the right breathing techniques reduce●

the  negative  reactions  we  give  to  the  source  of  stress  and  help  us  cope  with
stress more easily.

You should consider what you can do to protect yourself and those around you.
The following two questions may lead us to a more solution-oriented approach:

“What can I control?”

“Which  methods  have  helped  me  cope  with  the  challenges  I  have  faced  in  the
past?

What's on The Flip Side?

An  excessive  perception  of  threat  can  trigger  an  overtly  defensive  reflex.  For
example, an epidemic can precipitate over-meticulous thinking. People who take
acceptable measures are not at higher risk for disease than those who take extreme
precautions. Nobody will benefit from running from room to room with a cloth
soaked in bleach.
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Avoid  alcohol,  smoking,  drugs,  and  medication.  Similarly,  foods  and  drinks
containing caffeine can be harmful. Because the half-life of caffeine is 6 hours, if
you drank a cup of coffee at 16:00 in the evening, half of the caffeine you drink at
22:00 will still be circulating in your bloodstream.

Awareness of Emotions

During the pandemic period, it is normal to feel bad as you get information about
it. In fact, worrying during this process is a necessary reaction to protect ourselves
and is a normal emotional response. We can think of this as a person walking on
the railway feeling scared and anxious when he hears the sound of the train, the
opposite will be a more problematic situation. However, if anxiety is more than
necessary, it impairs the immune system, so anxiety is something that should be
dealt  with.  First  of  all,  it  is  very  important  that  we  accept  that  this  process  is
temporary. No pandemics has lasted to eternity and none will do.

Do  not  neglect  to  contact  people  you  think  may  be  anxious  or  you  know  live
alone. This will not only make you feel good, but also help those people cope with
their anxiety and worry.

A wise approach may be to focus on other activities. For example, if we spend
time on our hobbies in bad times, we will feel better. Apart from that, doing sports
and  being  in  motion  increases  the  level  of  endorphins  known  as  happiness
hormones in our body, making it easier for us to feel happy. When you feel that
your anxiety is getting too high, it is important to share your feelings with your
loved ones.

One of the suggested ways to deal with stress is art and humor. When faced with
difficulties, life will always find a way out. Art has always been a part of this life
energy,  resistance,  and  activism.  Nothing  changes  when  we  worry,  so  let  us
choose to laugh as much as we can instead of worry. However, let us be careful
that the subject of art or humor is not particularly related to the pandemic at this
time.  Although  it  seems  to  instantly  relax  us,  it  may  be  possible  to  increase
negative  stress  symptoms  afterwards,  as  it  will  constantly  remind  us  of  the
pandemic  and  the  stress  it  creates.

It is Normal To Be In A Bad Mood From Time To Time. So When Will We
Wonder If We Are Depressed?

Depression  is  one  of  the  most  misused  terms  in  the  public.  In  its  simplest
definition,  it  is  a  continuous  state  of  unhappiness  and  sadness.  Although  the
condition of  a  person who has  lost  a  relative is  similar  to  depression,  it  differs
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from depression with a significant improvement over time. It is more common in
women and elderly people. The good thing is; it has a very favorable response to
treatment  after  the  correct  diagnosis.  It  should  also  be  known  that  depressed
people  often  have  anxiety  disorder.

After epidemics similar to COVID-19 such as SARS and MERS, depression was
detected in 15% of patients within a few months, and anxiety disorder was found
in  15%.  Post-traumatic  stress  disorder  (PTSD)  can  be  up  to  30%.  We  can  see
depression in all age groups. Prolonged weakness and fatigue have been reported
in about 19%.

The  following  symptoms  should  last  at  least  two  weeks  to  be  diagnosed  with
depression:

Feeling constantly sad, depressed, and pessimistic●

Loss of interest and pleasure in activities that were previously done lovingly,●

Sexual  dysfunctions  (sexual  reluctance,  arousal  disorder,  inability  to  have●

orgasm, erectile dysfunction in men, pelvic contractions in women, premature
ejaculation / inability to ejaculate),
Difficulty falling asleep, waking up frequently or sleeping excessively,●

Feeling worthless and guilty,●

Loss of concentration and difficulty making decisions,●

Slowness in speech and movements,●

Constant weakness-tiredness,●

Change in appetite; i.e. overeating or lack of appetite,●

Frequent thinking about death and suicidal / self-harming tendency.●

Social Relations

Although we have to keep distance from other people due to the pandemic, this
distance is only a physical distance. On the contrary, it is clear that we are in a
period in which social solidarity should be emphasized. In fact, the more active
we keep our social relationships, the quicker and easier we can overcome stressful
times.

Share it. Tell other people about the music you listen to, the movies you have●

watched, the places you've visited before, the games you've played.
Getting ideas from friends or consultants for your projects or lessons helps you●

focus on the job and enjoy working.
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Try not to Disturb your Routine and Sleep Patterns

Experts  recommend that  we continue our routine no matter  what.  Sleeping and
waking up at a certain time, doing productive work positively affect our mental
health. It is beneficial to maintain sleep patterns. For example, “going to sleep in
the morning” for watching movies etc. in the night will have a detrimental effect
on your psychology as it will disrupt your schedule the next day.

If you sleep well, 'Growth hormone' is released when you fall asleep. In this way,
your  muscle  and  bone  strength  increases,  protein  metabolism is  regulated,  and
aging is also delayed.

Do Hobbies Work?

Yes, definitely. If you have not adopted a specific hobby, try to find a hobby that
you can fondly get involved in.

Once upon a time you have complained about the lack of time, remember? You●

were  sorry  for  the  books  you  could  not  read  and  the  movies  you  could  not
watch. Now this is your time.
You now have time to spare for your wishes such as learning a new language,●

starting painting, and learning how to cook.
You  can  spare  time  for  delayed  tasks  such  as  clearing  your  diaries,  notes,●

arranging the balcony, dealing with something to be repaired.
You  can  do  many  things  like  learning  sign  language,  puzzles,  watching●

documentaries, researching history, etc.

What Does Physical Activity Bring us?

It  is  known that  there  is  a  close  relationship  between  physical  activity  such  as
regular sports and mental health. Try to do whatever is good for you to recover
your  motivation  for  life.  Light  or  moderate  exercise  decreases  the  cortisone
(stress)  hormone.  This  way,  you  will  feel  better.

Along with regular exercise, the hormone called irisin is also released regularly.
This hormone protects brain cells from injury and aging, as well as allowing you
to lose weight.

Remember that even when you are at home, you can find many ways to stimulate
your body, e.g., organizing your study room, playing games, or exercising with
the kids.
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Bias and Stigmatization

Stigmatization: Attitudes and behaviors triggered by the rigid thoughts in our●

mind that can harm the subjected individual from time to time by causing loss of
social status and / or discrimination in individuals for certain reasons, resulting
in  multiple  negative  experiences  such  as  stress,  decreased  self-esteem,  mood
disorders  and  depression,  deterioration  in  social  adaptation  and  reduced
compliance  with  treatment.  In  the  past,  it  has  been  debated  extensively  for
homosexuality  and  diseases  such  as  the  plague  and  AIDS.
COVID-19 is a widespread public health problem affecting many people around●

the  world,  regardless  of  ethnicity,  gender,  and  age.  Remember  that  you  or
someone  around  you  may  also  be  diagnosed  with  COVID-19  and  could  be
among those who received treatment and / or recovered. In brief, stigmatization
is a threat to public welfare and should be avoided explicitly.
Individuals  who  are  being  treated  with  a  diagnosis  of  COVID-19  should  be●

careful not to use stigmatizing expressions such as “case”, “Covid” or “victim”.

CONCLUSION

During the pandemic period, it is normal to feel bad as you get information about
it.  In  fact,  worrying  during  this  process  is  a  necessary  reaction  to  protect
ourselves.

As in the ancient Turkish saying “Flood goes, sand and mud remains”, epidemics
will somehow end, but it is inevitable to have various permanent effects on the
human organism. In addition to the damages to physiological structure i.e., effects
such  as  pneumonia,  fever  and  pain;  the  loss  of  loved  ones  and  socioeconomic
damage to the society also have short and long term effects on our psychological
well-being. The direct effect of the disease on the nervous system and brain also
creates  changes  on  psychology.  Self-awareness  and  recognition  of  the
psychological and physical responses getting out of control to decide getting help
from professionals is crucial. Staying at home due to quarantine, being sick and
staying in the hospital will also directly injure the mood. Maintenance of health
against all these effects and returning to a happy, productive life can be achieved
through  conscious  interventions  such  as  individual  activities,  physical  activity,
hobbies, and being together with our loved ones, along with social solidarity. In
addition, it will be inevitable for the person to get professional help when he / she
cannot cope on his own.
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CHAPTER 10

COVID-19 and Our Brain: What's New?

Abstract:  We  all  recognize  the  typical  signs  and  symptoms  of  COVID-19  (fever,
shortness  of  breath,  persistent  non-productive  cough).  Less  common  symptoms  are
headaches,  confusion  (talking  nonsense),  numbness/hypoesthesia,  seizure
(convulsions), vomiting, loss of smell (anosmia), and sense of taste (ageusia). It can be
noted  that  this  group  of  symptoms  consisted  mostly  of  neurological  complaints.
COVID-19 causes CNS damage with various mechanisms. For example, anosmia or
hyposmia  is  seen  quite  frequently  among  individuals  even  with  mild  COVID-19.
Therefore, physicians should be alert in noting nervous system-related symptoms and
findings that can be seen in the course of COVID-19.

Keywords: ACE2 receptors, Ageusia, Anosmia, Confusion, Cognitive disorders,
COVID-19, Headache, Neurology, Pandemic.

INTRODUCTION

Medical community and healthcare workers have a huge knowledge base on the
disease,  which  directly  inflicted  more  than  27  million  people  in  the  world  and
killed nearly 900,000 people in September 2020. Now we all recognize the typical
signs  and  symptoms  of  COVID-19  (fever,  shortness  of  breath,  persistent  non-
productive  cough).  Less  common  symptoms  are  headaches,  confusion  (talking
nonsense), numbness/hypoesthesia, seizure (convulsions), vomiting, loss of smell
(anosmia),  and  sense  of  taste  (ageusia).  It  can  be  noted  that  this  group  of
symptoms  consisted  mostly  of  neurological  complaints  (Table  1).

Case  1  A  24-year-old  Japanese  male  without  any  history  of  travel  abroad  is
admitted to the hospital with chief complaints of headache, fever, and malaise. Flu
tests  are  negative,  and  he  was  sent  home.  He  goes  to  another  clinic  with
worsening head and throat pain three days later. X-ray and blood tests are normal.
Four days later, he is unconscious and found drowning in his vomitus at home. He
has seizures in the ambulance. There is edema in the brain CT in the ED. COVID-
19  swabs  are  also  negative.  In  the  CSF  sample  obtained  via  lumbar  puncture,
COVID is positive. The physicians interpreted that the virus invades the brain.
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Table 1. Nervous system-related symptoms and findings that can be seen in the course of COVID-19.

Acute Cerebrovascular (cv) Signs and
Symptoms

Acute-onset Speech Disorder, Confusion, Uni/or
Bilateral Weakness on The Limbs (paralysis).

Intracranial infection signs and symptoms: headache, seizures, altered mental status

Muscle damage signs and symptoms: myalgia, weakness, fatigue,

Other neural signs and symptoms: Neuralgias and abnormal sensations (hyperalgesia or
hypoesthesia).

The triad of  fever,  persistent  dry cough,  and shortness of  breath or  dyspnea on
exertion should be the principal features to look for in the triage of any suspected
patient. The number of patients with atypical or rare symptoms mentioned above
were reported in some studies, albeit in small numbers. It can be thought that such
findings  are  seen  in  only  a  small  minority,  but  many  clinicians  think  these
findings are important adjuncts since they can lead to different points of view in
diagnosis and treatment.

In  a  multidisciplinary  multicenter  registration  study  conducted  in  the  UK,  153
patients  who  were  admitted  with  COVID-19-related  neurological  complaints
and/or findings were identified (Varatharaj et al, 2020). The mean age of COVID-
19  cases  admitted  with  neuropsychiatric  complications  was  71,  and  62%
presented with CVA and 31% with altered mental status. 23% of the patients with
altered mental status were diagnosed with nonspecific encephalopathy and 18%
with encephalitis. Others are new (92%) or old (8%) psychiatric diagnoses. Most
of the patients with CVA (82%) are over 60 years old.

Treatments may have to change in the presence of CNS signs. For example, many
drugs do not pass the invisible obstacle, which we call the 'blood-brain barrier', so
it does not affect brain cells. Therefore, physicians should take it into account if
the target of the treatment includes the CNS.

In a publication from Wuhan, CNS findings were recorded in 36% of 214 patients
with COVID-19 hospitalized in three hospitals (Mao et al, 2020). Among these,
muscle  aches,  headache,  dizziness,  and  confusion  have  been  reported  most
frequently. These can be seen in other viral infections, especially in the elderly. In
a smaller group, there is stroke, prolonged seizure, loss of taste and anosmia. An
interesting point is that cases with headache showed symptoms days before fever
and cough.

Loss of taste sensation was reported in 5.6% and anosmia was reported in 5.1% of
cases.  In  European  series,  higher  rates  are  given.  We  should  add  that  these
findings  are  more  common  in  mild-to-moderate  cases.  In  a  multicenter  study
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involving  mild  to  moderate  patients  in  Europe,  these  percentages  are  88% and
85.6%,  respectively.  (International  Federation  of  Oto-Rhino-Laryngological
Societies  (YO-IFOS)  (Lechien  et  al,  2020).  Myelitis,  prolonged  seizures,
encephalopathy,  meningitis  are  cited  in  anecdotal  reports.

HOW CAN COVID-19 AFFECT THE BRAIN AND NERVOUS SYSTEM?

In the 2002-2003 SARS epidemic with a 10% fatality rate, SARS virus genome
was found in  the  brain  in  8  of  the  autopsy cases  (Gu et  al,  2005).  The authors
investigating its mechanisms reported that the virus was located in the brain after
the  instillation  of  SARS-CoV  to  the  nose  in  genetically  modified  mice.  More
interestingly, the virus has traveled through the olfactory nerve (olfactory nerve)
as  it  enters  the  brain/.  After  passing  to  the  brain,  SARS-CoV  spread  rapidly,
causing the death of animals. The genetic cousin of this virus, SARS-CoV-2, also
enters the cells with ACE2 receptors in this way.

Hypoxic Damage

This  is  thought  to  cause  neurological  damage  in  patients  with  COVID-19  who
have experienced severe respiratory failure.

Hematogenous Spread

Although hematogenous spread of other viruses to SSS  via impaired blood-brain
barrier is well established, more information is needed on SARS-CoV-2 in this
issue.

ACE2 and Neurological Damage

ACE2  receptors  are  important  because  these  are  structures  that  SARS-CoV-2
viruses  have  to  bind  to  before  entrance  to  the  cell.  Other  coronaviruses  and
influenza viruses can also use the same gate. Abnormally elevated blood pressure
in the course of  infection by binding to  these receptors  can lead to  intracranial
bleeding.  The  same  mechanism  explains  the  deterioration  of  the  blood-brain
barrier  in  this  infection  (Baig  et  al,  2020).

WHAT KIND OF DAMAGE DOES COVID-19 CAUSE IN THE BRAIN?

Helms  et  al.  analyzed  58  COVID-19  patients  treated  in  ICU  due  to  ARDS  in
France  (Helms  et  al,  2020).  Neurological  findings  were  noted  in  8  (14%)  of
patients with a median age of 63 during intensive care. Agitation was detected in
the majority of patients when neuromuscular blocking agents were discontinued
(40/58,  69%).  Diffuse  corticospinal  tract  findings  and  Babinski  positivity  were
found  in  2/3  of  the  patients.  In  the  majority  of  13  patients  who received  MRI,
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bilateral frontotemporal hypoperfusion was found in all 11 patients with perfusion
images. Although no stroke was found clinically in any patient, minor stroke was
recognized in 2 asymptomatic patients. All 7 patients with CSF analysis were RT-
PCR negative for COVID.

COVID-19 causes CNS damage with three main mechanisms (Azim et al, 2020):

a.  Hypoxic  injury  Pneumonia  results  in  cerebral  edema  associated  with
respiratory  failure.

b.  Immune-mediated  damage  Macrophage  and  complement  activation
triggered  by  cytokine  storm  results  in  DIC  and  multiorgan  failure.

c.  Cerebrovascular  injury  Factors  such  as  increased  intravascular  pressure,
thrombocytopenia, elevated D-dimer through ACE2 receptor activation increase
the risk of intracranial hemorrhage.

Combined with the information in other studies, it is thought that COVID-19 can
lead to various nervous system findings such as altered mental status, loss of taste
and sensations, seizures, strokes, and neuroimmunological damages.

WHAT  KINDS  OF  NEUROLOGICAL  SIGNS  AND  SYMPTOMS  DO
COVID-19 CAN BE EVIDENT?

Headache It was reported in 6.5% of a large series in Beijing (Tian et al, 2020).
This rate is in the range of 6-8% in Wuhan (Li et al, 2020). Chen et al. reported
that  headache was  noted in  both  groups  at  a  rate  of  10% and 12% and did  not
show a significant difference in the study comparing the deceased and survived
patients following a diagnosis of COVID-19 (Chen et al, 2020).

Thrombosis and stroke the peripheral nervous system is also affected by SARS-
COV.  Axonal  neuropathy  is  observed  2-3  weeks  after  the  onset  of  the  disease
(Tsai et al, 2004, Zochodne, 2004).

Pain compatible with neuritis was recorded as 8.9% in the series reported by Mao
et al. (Mao et al, 2020).

Myopathies  Fatigue  and  weakness  are  encountered  in  ¼ to  half  of  COVID-19
cases (Huang et al, 2020).

Myalgia Muscle pain is detected in more than 1/3 of the cases (Yang et al, 2020).
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Elevations of muscle enzymes and creatine kinase are also seen in a similar rate.
However,  muscle  pathology  detected  by  EMG  has  not  been  reported.
Rhabdomyolysis  has  just  been  shown  in  anecdotal  reports.

DOES IT HAVE LONG-TERM EFFECTS ON THE CNS?

Yes. Because if writers ask such a question, it should be yes.

Immune Damage

It has been discussed for years that neurological problems occurring in the course
of viral infection act via the immune system (Klein et al, 2017). It has also been
reported that the severity of neurological findings in the course of COVID-19 is
associated  with  SIRS  findings,  and  early  administration  of  anti-inflammatory
agents  reduce  this  (Mehta  et  al,  2020).  The  fact  that  interleukin  (IL)  -6  level,
which is the most important component of cytokine storm, is directly related to
the severity of COVID-19 infection also supports this (Wan et al, 2020). It is also
thought that activation of immune cells (macrophages, microglia, astrocytes) in
the brain causes chronic neurological damage.

To date, knowledge about whether COVID-19 causes long-term CNS damage is
insufficient, and it can be clarified via well-designed studies spanning a wide time
frame.  However,  considering both stroke and immunological  injuries,  it  can be
said that a trend in this direction may arise.

EFFECTS  OF  COVID-19  ON  PEOPLE  WITH  NEUROLOGICAL
DISORDERS

We have little  information on how patients  with  a  history  of  CVA/stroke were
affected by COVID-19. Aggarwal et al. conducted a systematic review on the data
of  6  studies  and  stated  that  1%  to  6%  of  patients  with  COVID-19  developed
stroke, and the probability of experiencing severe COVID-19 in these cases was
found to be 2.5 times higher than others (Aggarwal et al, 2020).

In  a  series  reported  from  Wuhan,  it  was  written  that  patients  who  were
hospitalized with COVID-19 developed a 5% stroke (11 in 221 people) (Li et al,
2020). The youngest patient is 55 years old. In this series, stroke mostly affected
women  and  elderly  people  (mean  age:  52  whole  group,  versus  72  years  in  the
stroke group). In this study, CRP and d-dimer levels were found to be higher in
patients who had suffered from COVID-19 after stroke (CRP: mean 51 versus 12
mg/L and D-dimer: 6.9 versus 0.5 mg/L). Antiplatelet therapy and anticoagulation
may  be  required.  A  high  mortality  rate  of  38%  has  been  reported  in  patients
developing stroke in the course of COVID-19.
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In the light of current information, it can be postulated that the patients who have
had a stroke are in the high-risk group in terms of COVID-19, and that treatment
should be more careful and aggressive.

DOES COVID-19 INCREASE THE RISK OF STROKE?

Yes.  In  the  Netherlands,  a  total  of  31%  of  the  patients  had  thrombosis  and
thromboembolic events (TTEE) complications in 3 hospitals, and stroke / CVA
was  found  in  3%  of  cases  (Klok  et  al,  2020).  When  patients  with  TTEE  are
examined, 27% of cases have venous and 3.7% of cases have arterial thrombosis.
In  other  words,  approximately  90%  of  thrombotic  events  involve  the  venous
system.  Pulmonary  thromboembolism (PTE)  is  the  most  common TTEE in  the
course of COVID-19.Coagulopathy appears as an independent predictive factor
for TTEE, with PT extending beyond 3 seconds or PTT longer than 5 seconds.
Mao et al. reported a 2.4% stroke in the series in Wuhan (Mao et al, 2020).

In  Iran,  a  12-year-old  child  experienced  weakness  and  speech  disorder
(dysarthria)  on  the  right  side  following  a  seizure  and  viral  nucleic  acid  was
detected both in RT-PCR from throat swab and in the cerebrospinal fluid sample
(Mirzaee et al, 2020). MR imaging showed obstruction in the left middle cerebral
artery in the brain. It is an interesting phenomenon for both occurring in a child
and that stroke being almost the first manifestation of COVID-19.

In the USA, stroke has been reported also in the young and those with a milder
course of COVID-19 (Oxley et al, 2020). In the two-week period between March
23 and April 7, 2020, five patients were reportedly diagnosed with CVA in New
York. They are all younger than 50 years of age with signs of severe large vessel
occlusion. Only one of them had a previous history of stroke. When the data in
these small groups are examined, it is thought that COVID-19 increases the risk
of stroke, but it is obvious that more studies are needed to extrapolate this finding.

MANY PATIENTS MENTION LOSS OF SMELL / TASTE

Anosmia  or  hyposmia  A  small  number  of  autopsies  of  the  deceased  with
COVID-19  were  also  examined  in  the  brain.  Researchers  have  reported  that
coronaviruses  involved  the  brain  tissue.  At  least  in  severe  cases,  the  virus  is
thought  to  cross  the  blood-brain  barrier.

In a large literature review, sudden onset loss of or decrease in smelling sensation
was observed in 80% of COVID-19 cases and this was accompanied by a great
loss of taste sensation (Sedaghat et al, 2020). In one of every four patients, these
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findings appeared as the first complaint. Generally, complaints improved within a
few weeks. The authors stated that the questioning for this finding could increase
our ability to make COVID-19 diagnosis.

In a study in patients with COVID-19 of various clinical courses were analyzed in
detail in Korea, it was reported that as much as one-fifth of the patients remained
asymptomatic from exposure to admission (Kim et al, 2020). Hyposmia was quite
frequent among individuals with mild COVID-19, but fever was not. More than
one-fifth of the patients complained of hyposmia, and a great majority of these
patients  (90%)  had  accompanying  symptoms  such  as  hypogeusia,  nasal
congestion or rhinorrhea. It is noted that this finding is more common in women
and young patients  than  others.  In  more  than  half  of  the  patients,  two findings
(problems  with  taste  and  smell)  are  combined.  The  findings  disappeared  in  an
average of 7 days, within a maximum of 3 weeks. A more interesting point is that
anosmia occurs in mild cases rather than severe cases.

According to preliminary data, 30 to 50% of cases with COVID-19 had olfactory
damage. Anosmia or hyposmia is one of the first findings. Approximately 1/8 of
the severe cases, loss of taste and smell sensations appeared before other findings.
The American Ear-Nose-Throat Academy has suggested that anosmia and ageusia
be included in the primary list to seek for in these patients (Xydakis et al, 2020;
Giacomelli et al, 2020).

Interestingly, olfactory nerve damage in mice is not associated with severe brain
involvement.  In  other  words,  those  with  loss  of  smell  seem to  stop the  disease
there. It is not known exactly whether this is repeated in humans. Because unlike
genetically  modified  mice,  human  olfactory  nerve  cells  do  not  have  an  ACE2
receptor. In new studies, it is primarily evaluated that the virus targets the nasal
mucosa cells and the like adjacent to the olfactory nerve, thereby preventing the
nerve from sensing the smell.

It has been reported that the sudden loss of sense of smell and taste in workers in
healthcare or other risky sector is frequently the leading finding in the course of
COVID-19 and should be considered as a starting point for further examinations
(Lechner et al,  2020).  This becomes such an important finding that the authors
have suggested that it is necessary to investigate the reduction of smell and taste
using special and advanced tests and scales.

IS  THERE  AN  ASSOCIATION  BETWEEN  ANOSMIA  AND
RESPIRATORY FAILURE?

Roman et al.  put forth that respiratory failure in severe COVID-19 cases was a
neurological  consequence  of  invasion  through  the  first  cranial  nerve  (olfactory
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nerve)  to  the  rhinencephalon  and  brainstem  (Roman  et  al,  2020).  It  has  been
suggested that cytokine storm triggers acute hemorrhagic necrotizing encephalitis.

It  is  postulated  that  SARS-COV-2  has  neurogenic  properties  like  other
coronaviruses,  and  this  is  largely  the  reason  for  anosmia  reaching  the  nasal
mucosa  through  ACE2  receptors  during  disease  transmission  (Lechien  et  al,
2020). Since it is known that nasal congestion and rhinorrhea are very rare, the
presence of the virus in the olfactory bulb causes this. Then, almost half of the
patients' defense mechanisms overcome the virus. In some of the remainder, the
virus reaches the brain and rhinencephalon via the olfactory nerve and through the
transneuronal route, from there to the brainstem, and triggers the process leading
to  fatal  respiratory  failure.  As  Bagheri  reported,  this  mechanism  explains  the
worsening of breathing without significant dyspnea (Bagheri et al, 2020). These
points are open to debate in the near future.

DOES  COVID-19  TRIGGER  BRAIN  TISSUE  INFLAMMATION
(ENCEPHALITIS)?

Yes, if not very often. Ye et al. published a case with COVID-19 encephalitis (Ye
et al, 2020).

To  interpret  the  course  of  this  patient,  it  can  be  thought  that  generalized
inflammation  and  immune  system response  caused  brain  edema,  which  caused
waxing-and-waning mentation. Rapid improvement after mannitol and antiviral
treatment  also  supports  this  idea.  This  case  is  a  good  example  of  self-limiting
encephalitis in the course of SARS-CoV-2 infection.

A  young  male  patient  from  Turkey  was  reported  recently.  25-year  old  man
without  any  comorbid  diseases  displayed  SARS-CoV-2  positivity  in  the  CSF (
https://www.hurriyet.com.tr/gundem  /turkiyede-ilk-kez-bir-hastanin--
eyin-omurilik  -sivisinda-koron  avirus-tespit-edildi-41536199).  Other  frequent
reasons of persistent fever and seizures were ruled out in the management of the
patient and finally the virus was detected in the CSF elicited via LP with a high
index of suspicion of COVID-19. He responded well to treatment with favipiravir.

It  has  been  pointed  out  for  a  long  time  that  coronaviruses  pass  through  the
olfactory  nerve  to  the  brain  starting  from  the  early  stage  of  the  disease  and
complete  the  course  within  7  days  (Desforges  et  al,  2019).

While these are happening in the CNS, the virus is generally also attached to the
respiratory  epithelium,  heart,  and  kidneys  through  the  ACE2  receptors  and
inflicted the damage. This is also what sparked coagulopathy (Helms et al, 2020).
Widespread involvement of the vascular endothelium facilitates coagulation and

https://www.hurriyet.com.tr/gundem/turkiyede-ilk-kez-bir-hastanin-beyin-omurilik-sivisinda-koronavirus-tespit-edildi-41536199
https://www.hurriyet.com.tr/gundem/turkiyede-ilk-kez-bir-hastanin-beyin-omurilik-sivisinda-koronavirus-tespit-edildi-41536199
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generation of microthrombi. Cardiovascular and cerebrovascular thrombosis and
TTEE are also triggered via this mechanism.

Case 3  Meningeal irritation is marked in the patient who was admitted to the
emergency  department  with  fever,  dyspnea,  and  impaired  consciousness.  The
patient  was  COVID-19  positive  with  RT-PCR,  and  the  first  brain  CT  was
normal.  Leukopenia  and  lymphopenia  were  noted.  The  COVID-19  test
performed  in  CSF  following  LP  is  negative.  BOS  opening  pressure  is  220
mmHg.  PaO2  /  FiO2  ratio  is  240.  Mannitol  infusion  has  also  been  added  to
supportive therapy. Within three weeks, the patient regained consciousness and
ground-glass opacities in his chest CT improved. He was discharged in 4 weeks.
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WHAT  ARE  THE  TREATMENT  METHODS  AFTER  COVID-19
INFLICTS THE CNS?

Supportive therapy and certain antiviral agents for COVID-19 are the mainstay
therapies in patients with encephalitis.  In patients with severe brain edema that
augments intracranial pressure, mannitol can be added with caution.

One  of  the  main  messages;  acutely  altered  mental  status  in  the  patient  should
prompt further  investigation for  COVID-19.  Otherwise,  there may be delays in
diagnosis which can be subject to litigation, as these leading findings will mean
skipping, ignoring, and continuing to spread the virus. It is thought that CNS is
affected by direct or indirect inflammation as a direct result  of immune system
response.

It has also been reported that doing LP more frequently and easily will facilitate
COVID-19 research in patients with neurological findings.

CONCLUSION

In  conclusion,  it  is  apparent  that  patients  mostly  face  serious  neurological
impairment in the COVID-19 process. Coronaviruses affect the CNS, but together
with  the  immune  system  response,  persistent  signs  of  infection,  as  a  result  of
these,  appear  in  constellations  of  neurological  diseases.  CNS  involvement  is
mostly  seen as  a  result  of  inflammatory and metabolic  processes  in  the  elderly
who have had severe illness. It is also established that viruses invaded CNS via
the transneural route. Still, an explanation of the high mortality could be the direct
attack of the virus on the CNS.

It will be wise to question those with a presumptive diagnosis of COVID-19 with
special  regard  to  headache,  changes  in  mental  status,  paresthesia,  anosmia  and
ageusia. In those with positive signs, a CSF examination and, advanced imaging
such as CT or MRI will be warranted, especially if there are concurrent systemic
findings.

Another important point is that the patients' reluctance to refer to the hospital with
neurological  findings  during  the  pandemic  process,  and  being  deprived  of  the
support they receive normally due to isolation. These issues may cause delay or
under-treatment,  which  may  worsen  the  disease  course.  Both  public  and
healthcare  professionals  need  additional  training  on  these  subjects  in  the
pandemic  period.
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CHAPTER 11

COVID-19  Pneumonia  and  ARDS:  The  Real
Killer?

Abstract: Pneumonia and its major complication, acute respiratory distress syndrome
(ARDS), are the outstanding causes of morbidity and mortality attributed to the SARS-
CoV-2. Angiotensin-converting enzyme 2 (ACE2) receptor is commonly found in the
alveolar  cells  of  the  lung,  causing  common respiratory  symptoms in  COVID-19.  In
addition, the development of respiratory failure, ARDS, and the need for a mechanical
ventilator  is  precipitated  by  an  undertreated  pneumonia.  ARDS  is  a  condition
associated with many disease processes, which causes reduced lung compliance and
severe hypoxemia. For early diagnosis and treatment, attention should be paid to the
risk of developing ARDS in patients whose disease duration lasts for longer than one
week.

Keywords: ARDS, COVID-19,  COVID-19 pneumonia,  Critical  care,  Hypoxia,
Mechanical ventilation , Pandemic, Pneumonia, Respiratory failure.

DEFINITION

SARS-CoV-2 binds to the angiotensin-converting enzyme 2 (ACE2) receptor with
S  protein  to  enter  the  cells.  Binding  of  the  virus  with  host  cell  receptors  is  an
important step for the mechanism of infection. This receptor is commonly found
in  the  alveolar  cells  of  the  lung,  causing  common  respiratory  symptoms  in
COVID-19 (Fig. 1). Although less common, cardiovascular pathologies are also
thought to be caused by the virus binding to the ACE-2 receptor in myocardial
cells (Li et al., 2020).

Pneumonia  and  its  major  complication,  acute  respiratory  distress  syndrome
(ARDS), are the outstanding causes of morbidity and mortality attributed to the
virus.

Although the spark of the epidemic is thought to be ignited in a seafood market
that sold live animals, person-to-person transmission has become the main form
of  transmission  as  the  pandemic  progressed.  According  to  current  evidence,
SARS-CoV-2  is   transmitted   primarily   through   droplets  and  close  personal
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contact. Airborne propagation was not reported in many researches as much as it
was thought before. For example, environmental contamination in the ICU with
SARS-CoV-2 was found to be lower than in the wards (Ong SWX et al., 2020).
The use of mechanical ventilation or high-flow nasal oxygen was not associated
with greater surface contamination.

Fig. (1). The lungs are among the primary routes for environmental substances and pathogens to enter the
host tissues. The early protection response to viruses includes mucus, surfactants, and antiviral peptides that
can  prevent  entry  to  the  respiratory  epithelia  that  have  a  key  role  in  triggering  the  immune  response  by
recognizing viral components. These cellular sensors start a series of stimuli precipitating the upregulation of
the inflammatory response (Adapted from Ong CWM et al., 2020)

However, there is a risk of airborne transmission in conditions that cause direct
aerosolization such as endotracheal intubation, bronchoscopy, manual ventilation
(bagging),  bringing  the  patient  to  the  prone  position,  non-invasive  mechanical
ventilation, tracheostomy, and cardiopulmonary resuscitation. (WHO, 2020). The
highest  contagiousness  is  around  the  initial  phase  after  the  symptoms  begin;  it
continues by decreasing from a few days to a few weeks. The effect of the exact
viral RNA load required for SARS -CoV2 propagation is uncertain. (CDC, 2020)
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CLINICAL FEATURES

Although  the  development  of  symptoms  takes  an  average  of  5  to  6  days  after
infection, it can be delayed for 14 days in some cases. The viral load of SARS-
CoV-2  is  predominantly  detected  in  the  upper  airways  (nose  and  mouth,
hypopharynx) after being infected, till three days after the initial symptoms (Pan
et  al.,  2020).  On  the  other  hand,  infected  persons  have  a  potential  of
contagiousness  starting  from one  to  three  days  before  the  symptoms (Wei  We,
2020)

Although  the  symptoms  of  COVID-19  vary  substantially;  the  most  common
complaints  are  (CDC  2020).

fever (83-99%),●

cough (59-82%),●

fatigue (44-70%),●

anorexia (40-84%),●

shortness of breath (31-40%),●

sputum (28-33%)●

myalgia (11-35%).●

Headache,  confusion,  rhinorrhea,  sore  throat,  hemoptysis,  vomiting,  and●

diarrhea are reported but less common (<10%).
In the presence of advanced age and comorbidity, fever, pain, and respiratory●

symptoms may be delayed.
Some patients can present with an atypical clinic.●

Anosmia, ageusia, which develops before the onset of respiratory symptoms,
has been reported. (CDC 2020)
According to the 'New Coronary Virus Infection Pneumonia Diagnosis and
Treatment  Program'  guide  prepared  by  the  China  National  Health
Commission, COVID-19 patients were classified as mild, moderate, severe,
and critical according to their clinical status (Table 1). 

Findings  may  be  detected  in  the  lung  imaging  before  the  onset  of  symptoms.
However; younger patients are less likely to develop viral pneumonia.

It was found in studies conducted that the average duration of dyspnea is between
5  and  8  days  in  patients  with  severe  disease.  The  duration  of  ARDS  varies
between 8-12  days,  and  the  average  ICU hospitalization  period  varies  between
10-12 days. (Huang C, 2020; Wang D, 2020)
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Among all patients admitted to the hospital, 26% to 32% of patients are admitted
to  ICU,  and  the  mortality  rate  varies  between  39%  to72%  among  patients
admitted to ICU. Mean length of stay in survivors is 10 to 13 days. (CDC, 2020).

Table 1. Clinical characteristics as a basis for classification of COVID-19 patients

Clinical Classification Features

Mild Clinical symptoms present,
No findings on imaging.

Moderate Fever and respiratory symptoms are present,
Findings on imaging (opacity, consolidation)

Severe Respiratory distress, RR≥ 30 beats / min,
Oxygen saturation <93% or

Presence of any of the findings of PaO2 / FiO2≤300 mmHg
If there is> 50% progression in the imaging findings or

within 24-48 hours, the clinical status should also be considered severe.

Critical Respiratory failure and development of need for mechanical ventilator,
- Development of shock or organ failure in need of ICU care

DIAGNOSIS

The clinical  diagnosis  of  suspicious  cases  is  established by  the  combination  of
epidemiological, clinical, laboratory and thorax CT findings. Standard diagnostic
method used; oropharyngeal swab is a real-time polymerase chain reaction (RT-
PCR)  performed  to  detect  viral  nucleotides  from  samples  obtained  by
nasopharyngeal swab, bronchoalveolar lavage, and tracheal aspirate. (CDC, 2020)
However,  studies  have  shown  that  RT-PCR  has  60%  to  71%  sensitivity  in
detecting the SARS-CoV2 virus, despite high specificity (Ai et al, 2020; Fang Y
et  al,  2020).  This  means that  low viral  load at  the  time of  the  test  may lead to
failure to yield highly accurate results from the test. However, it is put forward
that thorax CT diagnoses COVID-19 with 5% to 98% sensitivity, which will help
correct false negative results of RT-PCR. Both the chest radiography and primary
findings in thorax CT are compatible with atypical and viral pneumonia. (Bai et
al, 2020).

Although  the  sensitivity  of  chest  X-ray  is  lower  than  thorax  CT,  it  is
recommended as the ‘initial’ imaging modality (Wong HYF et al, 2020). There is
an  ongoing  debate  on  this  issue,  for  example,  Radiology  Societies  do  not
recommend CXR to be used as an initial screening tool to diagnose COVID-19
pneumonia. Portable graphs are recommended to minimize contamination (ACR,
2020). The radiology is insensitive in the mild clinical condition or early stage of
the  disease.  Most  symptoms  can  be  detected  10  to  12  days  after  the  onset  of
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symptoms. The most common findings are airspace opacities, consolidation, and
ground  glass  opacities  (Hafiz  et  al,  2020).  The  distribution  is  predominantly
bilateral,  dominant  in  the  peripheral  and  basal  regions.  Unlike  parenchymal
abnormalities, pleural effusion is rare (3%) (Wong HYF, 2020). However, CXR is
not sensitive enough to identify GGOs which are a main finding for COVID-19
pneumonia (ACR, 2020). CXR can oversee important pulmonary lesions that can
be detected in CT images (Fig. 2).  In the Consensus statement of the Fleishner
Association published on April 7, it was proposed to use the chest radiography to
evaluate  disease  progression  and  to  exclude  alternative  diagnoses  (bacterial
superinfection,  pneumothorax,  pleural  effusion)  (Figs.  3a  &  3b).

Fig.  (2).   Thorax  CT  is  more  sensitive  than  chest  x-ray  in  imaging  lesions.  In  thorax  CT,  ground  glass
opacities in the lower right lobe are not noticed on the simultaneous radiograph (red arrow).

Fig.  (3a).   Chest  radiography can  be  useful  in  monitoring  the  disease.  When the  COVID-19 patient  was
admitted to the hospital, the chest film was normal. Bilateral consolidations were detected on the radiograph
of the patient, who was under mechanical ventilation 4 days later.
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Fig. (3b).  On the radiography of the patient diagnosed with COVID-19, who is 83 years old with known
heart failure, pulmonary hypertension and atrial fibrillation, ground glass opacities and consolidation are seen
in the right upper lobe and lower left lobe.

Asymptomatic  carriers  of  COVID19  are  estimated  to  be  18%  to  33%  of  all
infected cases. It was remarkable that 54% of asymptomatic cases diagnosed with
COVID-19  on  the  'Diamond  Princess'  vessel  may  have  pneumonia  in  CT
(Mizumoto  et  al,  2020).

Within  four  days  after  the  emergence  of  complaints,  CT  is  not  sensitive  as  an
initial  test,  as  CT  may  be  normal  in  50%  of  patients.  After  these  first  days,
sensitivity  of  CT  increases  (Kovacs  et  al.,  2020).

THE MOST COMMON CT FINDINGS ON PRESENTATION (ADAPTED
FROM PAN ET AL, 2020)

Ground glass opacity (GGO) 88% ●

Bilateral involvement 88% ●

Posterior distribution 80% ●

Peripheral distribution 79% ●

Consolidation 32% ●

Tips on pneumonia in CT:

The most common involvement is detected in the lower lobes, followed by the●

middle lobes.
Combination of the consolidation and GGO at the time of admission can be seen●

in a distinct group of cases; predominantly in the elderly population.
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Bronchiectasis, septal thickening, pleural thickness, and subpleural involvement●

are among the findings mostly seen in the advanced stages of the disease.
Although  pleural  effusion,  pericardial  effusion,  lymphadenopathy,  cavitation,●

halo  sign,  pneumothorax  are  rare  findings,  they  are  usually  indicative  of  the
progression of the disease.
CT images of other viral pneumonia can mostly masquerade COVID-19.●

In the first months of the pandemics, the Radiological Society of North America
(RSNA),  Society  of  Thoracic  Radiology,  the  American  College  of  Radiology
issued a consensus statement to standardize reporting language in hospitals (Table
2).

Table  2.   The  Radiological  Society  of  North  America  (RSNA),  Society  of  Thoracic  Radiology,  the
American College of Radiology issued a consensus statement that categorizes the CT appearance of
COVID-19 into four categories for the standard reporting language (Adapted from Simpson, et al.,
2020)

Typical View Intermediate Atypical View Negativity Criteria
for Pneumonia

Bilateral, peripheral
GGOs +/- consolidation
or 'crazy paving' pattern

Absence of typical CT
findings AND

Absence of typical and
intermediate appearance

AND

Absence of GGO or
consolidation

indicates that there is
no COVID-19
finding in CT.

Multifocal GGO,
irregularly rounded or
'crazy paving' pattern

Multifocal, diffuse,
perihilar or unilateral GGO
and consolidation without

round and peripheral
distribution

Isolated lobar and segmental
consolidation without GGO

-

“Reverse halo sign” or
other signs of organized

pneumonia

Few and small GGOs
without round and

peripheral distribution

Separate small nodules (e.g.,
centrilobular nodules,
“budding tree” view)

-

- - Lung cavitation -

- - Pleural effusion, interlobular
septal thickening

-

Stages of pneumonia: In a study of COVID-19 patients who had improved after
the disease, thorax CT findings were followed and categorized in different stages
of the disease. Findings from the early period of the disease to the healing period
were depicted in the Table 3 (Pan et al, 2020).
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Table 3. Staging of COVID-19 according to thorax CT findings

Stage Key Findings

Early Stage (0-2 days) 17%: CT normal
42%: single lobe involvement

75%: GGO
42%: consolidation

42%: multifocal lung opacity
54%: peripheral distribution predominant

25% Crazy-paving pattern

Middle Stage (5-13 days) Peak Lung involvement;
New and increased lung consolidation (47%) and higher bilateral and

multilobar involvement rate (76%)
82%: GGO

Development of Crazy Paving (53%)

Advanced Stage (9-13 days) 90% consolidation is the main imaging finding
71%: GGOs tend to decrease when compared to previous stages

19% Crazy-paving pattern

Convalescence (> 14 days) consolidation (75%) is going to heal and absorbed without any crazy-paving
pattern

Thorax CT can be used for imaging disease progression and alternative diagnoses
(bacterial superinfection, viral pneumonia, acute heart failure (myocardial injury
due to COVID-19, development of pleural effusion)). (Rubin et al, 2020). It was
also  found  that  the  increase  in  the  GGO  detected  in  chest  CT  in  a  short  term
follow-up (24-48 hours) was related to deterioration in the outcome.

In a study to evaluate the severity of COVID-19 pneumonia using the Thorax CT
severity scoring scale previously developed for SARS (Yang R et al, 2020):

18 segments of both lungs are divided into 20 regions.
- Opacity ratios in chest CT images were evaluated subjectively in 20 lung areas using a
system that was established upon receiving 0, 1, and 2 scores based on less than 50%,
equal or more than 50% of each area. CT severity scoring was defined as the sum of
scores ranging from 0 to 40 points in the 20 lung segments.
Serious and critical cases were grouped as ‘severe’, and the rest were assigned in the
‘mild’ disease group.
It was found that the severity score of CT was higher in the severe disease group and
detected severe disease at a cut-off point of 19.5 points with a sensitivity of 83.3% and
94% specificity (Yang R et al, 2020).
In a recent study to describe the relationship between COVID-19 mortality and chest
CT scan findings obtained at the time of admission, Abbasi et al. showed that mortality
was significantly higher in patients with higher CT severity score even after adjustment
for clinical, demographics and laboratory parameters (Table 4) (Abbasi et al, 2020).
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Table 4. CT severity score is a major predictor of disease severity in COVID-19 (Adapted from Abbasi
et al, 2020)

CT Findings Overall
(n = 262)

Survivors
(n = 206)

Deceased
(n = 56)

P value

CT severity score 8 (6–12) 7.5 (6–11) 14.5 (10–21) <0.001

Parenchymal infiltrate GGO 67 (25.6) 56 (27.2) 11 (19.6) 0.26

Consolidation 79 (30.1) 65 (31.6) 14 (25)

GGO and consolidation 116 (44.3) 85 (41.3) 31 (55.4)

RSNA pattern Typical 143 (54.6) 113 (54.9) 30 (53.6) 0.81

Indeterminate 81 (30.9) 62 (30.1) 19 (33.9)

Atypical 38 (14.5) 31 (15) 7 (12.5)

Bilateral 253 (96.6) 198 (96.1) 55 (98.2) 0.39

Longitudinal distribution Upper zone 21 (8) 16 97.8) 5 (8.9) 0.23

Middle zone 38 (14.5) 33 (16) 5 (8.9)

Lower zone 100 (38.2) 82 (39.8) 18 (32.1)

Random 103 (39.3) 75 (36.4) 28 (50)

Axial distribution Peripheral 101 (38.5) 90 (43.7) 11 (19.6) 0.094

Central 4 (1.5%) 4 (1.9) 0 (0)

Diffuse 131 (50) 91 (44.2) 40 (71.4)

Random 26 (9.9) 21 (10.2) 5 (8.9)

Number of involved lobes - 5 (5–5) 5 (5–5) 5 (5–5) 0.36

Round infiltrate - - - - -

Halo sign - 19 (7.3) 17 (8.3) 2 (3.6) 0.18

Reverse halo sign - 26 (9.9) 21 (10.2) 5 (8.9) 0.78

Crazy paving - 77 (29.4) 54 (26.2) 23 (41.1) 0.03

Architectural distortion - 150 (57.3) 131 (63.6) 19 (33.9) <0.001

Parenchymal lines - 93 (35.5) 85 (41.3) 8 (14.3) <0.001

Pleural effusion - 26 (9.9) 19 (9.2) 7 (12.5) 0.47

Lymphadenopathy - 6 (2.3) 3 (1.5) 3 (5.4) 0.11

Pleural thickening - 30 (11.5) 26 (12.6) 4 (7.1) 0.49

Pericardial effusion - 1 (0.4) 0 (0) 1 (1.3) –

Case examples: Figs. 4 - 7 provide case scenarios and corresponding radiological
appearances  of  COVID-19  pneumonia.  Various  imaging  manifestations  at
different  stages  may  be  related  to  the  distinct  pathological  mechanism of  viral
pneumonia,  which  initially  affects  terminal  bronchioles  and  surrounding
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pulmonary parenchyma, and then infiltration of the pulmonary lobules and finally
widespread alveolar damage (Figs. 4 - 7).

Fig. (4).  A 59-year-old male patient presented with fever and non-productive cough lasting for 1 week. PCR
test was negative. In thorax CT taken due to clinical suspicion; GGO and consolidation were noted in the
posterior segments of the lower lobe. RT-PCR turned out to be positive 2 days later.

Fig.  (5).   A  49-year-old  male  presented  with  fever  and  cough.  His  oxygen  saturation  was  low  on  pulse
oximetry. On CT, bilateral GGOs, the fibrotic band (indicated with arrow, dilated vascular structure in the
involved area (circle) were evaluated as COVID-19 late phase finding.
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Fig. (6).  A 59-year-old female patient presented with fever that has been lasting for 10 days and a cough for
5 days. Her O2 saturation is 89%, the respiratory rate is 30 / min. Widespread ground glass image was present
without consolidation. The images were reported as early stage COVID-19.

Fig. (7).  Finding known as 'Crazy Paving'. GGOs with thickened interlobular and intralobular lines can be
identified.

Chest  Ultrasound  (CUSG)  is  not  recommended  to  be  used  as  a  standard
diagnostic test  because it  cannot clearly distinguish between bacterial  and viral
pneumonia  and  between  pulmonary  edema  and  pneumonia.  Nonetheless,  its
bedside  use  (POCUS) is  recommended to  be  used  to  evaluate  pleural  effusion,
pneumothorax, calculate pulmonary fluid load and adjust MV settings, especially
in patients undergoing mechanical ventilation (MV) (Revel, 2020). CT should be
employed whenever the clinician is not sure for the diagnosis, and ruling out an
important diagnosis is not impossible with this test.
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DIFFERENTIAL DIAGNOSES

Thorax CT detects viral pneumonia in up to 90-95% of the instances. In contrast,
the low sensitivity of the RT-PCR test (the test may need to be repeated two or
three times) and the number of people waiting for the test to detect SARS-CoV-2
causes many patients not to be recognized in a timely manner and miss the chance
of early treatment. As explained above; the severity of the lung lesions is closely
related  to  clinical  symptoms.  This  reflects  the  importance  of  thorax  CT  in  the
preliminary  screening  of  COVID-19.  However,  it  is  difficult  to  distinguish
COVID-19 pneumonia from influenza AB, cytomegalovirus (CMV), respiratory
syncytial virus (RSV), Severe Acute Respiratory Syndrome (SARS-CoV), Middle
East Respiratory Syndrome (MERS-CoV) and other viral and bacterial agents just
using thoracic CT images (Table 5) (Shi et al, 2020; Dai et al, 2020).

OTHER SITUATIONS TO BE DISTINGUISHED

HSV  Pneumonia:  Pleural  effusion  is  often  present  in  immunocompromised●

patients
Cryptogenic organized pneumonia●

Chronic eosinophilic pneumonia (CEP)●

Rheumatoid  arthritis-associated  pneumonia;  other  connective  tissue  diseases●

(SLE, scleroderma)
“Crazy paving” finding is predominant: Pulmonary alveolar proteinosis should●

also be considered.

Table  5.  Characteristic  features  of  COVID-19,  other  viral  pneumonias,  and  bacterial  pneumonia.
Clinicians can use these clues to distinguish the entities from each other

COVID-19 Other Viral Pneumonias Bacterial Pneumonia

Pathogens SARS-CoV-2 A and B type Influenza viruses,
parainfluenza virus, CMV,

adenovirus, RSV

Bacteria (streptococci etc.),
mycoplasmae and

chlamydiae

Initial
symptoms

In most cases, fever, and
dry cough, in some cases,

diarrhea.

High fever, cough, sore throat,
muscle pain, etc.

Nasal congestion,
rhinorrhea, etc., mild in

most cases

History of
exposure to
COVID-19

Exposure to epidemic
regions (may be obsolete
after May 2020), mostly

men aged 40-60

Widespread in winter and spring,
children, but less common in

adults or community

widespread in winter,
children, and community
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COVID-19 Other Viral Pneumonias Bacterial Pneumonia

Laboratory Positive RT-PCR result,
normal or low leukocyte
count, lymphopenia, and

high serum CRP level

Influenza A and B viruses,
positive PCR results for

identification of parainfluenza
virus, cytomegalovirus,

adenovirus, and respiratory
syncytial virus; lymphocytosis

High leukocyte count, high
erythrocyte sedimentation
rate (ESR) and markedly

elevated CRP level

Chest CT Early stage: GGO
Middle stage: Multiple
GGO, consolidations,
crazy paving pattern.

Advanced stage: diffuse
exudative lesions, “white

lung” view

Interstitial inflammation, reticular
patterns or multiple fibrous lines,
localized pulmonary edema and /

or atelectasis

Bronchial/ lobar
pneumonia, bronchial wall
thickening, centrilobular

nodules, multiple
consolidations mainly

inflicting lung parenchyma

SERUM ANTIBODY DETECTION

Specific  antibodies  are  produced  following  SARS-CoV-2  infection.  Serum
antibody  detection  methods  include  colloidal  gold  immunochromatography,
ELISA, chemoluminescence immunoassay, etc. Specific lgG antibody titers in the
recovery phase or positive serum specific lgM (≥ 4 times higher than in the acute
phase)  can  be  used  as  diagnostic  criteria  for  suspected  patients  with  negative
nucleic acid detection in the follow-up. The viral load gradually decreases with
increasing serum antibody levels. (Liang et al, 2020).

LABORATORY FINDINGS

Complete blood count, CRP, procalcitonin (PCT), kidney and liver function tests,
cardiac enzyme, arterial blood gas, LDH values should be evaluated in relation
with CXR. Blood cultures should be taken before antibiotherapy, if any.

The white blood cells counts may vary substantially in patients with COVID-19.
Lymphopenia is the most commonly reported CBC abnormality, but leukopenia,
leukocytosis  and lymphopenia  have also been reported.  High ferritin  levels  are
common  and  high  aminotransferase  (AST)  levels  have  also  been  described.
(Wang  D  et  al,  2020;  Bajema  et  al,  2020)

At  admission,  many  patients  with  pneumonia  have  normal  serum  PCT  levels;
however, those who require ICU care are more likely to have higher PCT levels.
It  appears  to  be  valuable  for  early  risk  stratification  and  ruling  out  bacterial
coinfection in COVID-19 patients on presentation. (Guan et al, 2020). Monitoring
of  PCT  has  been  suggested  to  assess  secondary  infections  and  more  serious
disease  conditions  such  as  sepsis  and/or  septic  shock.

(Table 5) cont.....
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High  D-dimer  levels  and  more  severe  lymphopenia  have  been  associated  with
mortality. (Chen et al, 2020).

The  neutrophil  to  lymphocytes  ratio  (NLR)  may  be  an  indicator  of  cytokine
storms, with increased NLR due to elevated cytokine levels, and also an indicator
of severe outcomes.

RISK FACTORS FOR SEVERE DISEASE

General (Adapted from WHO, 2020)

Advanced age: Severe disease can occur in healthy individuals of any age, but it●

occurs predominantly advanced age and those with medical comorbidities.
Home care patients ●

Male gender ●

Comorbidities (Zhou et al, 2020 ) ●

Cardiovascular Disease ❍

Diabetes Mellitus ❍

Hypertension ❍

Chronic Lung Diseases ❍

Cancer ❍

Immunosuppression ❍

Chronic Kidney Disease ❍

Obesity (BMI ≥40) ❍

Clinical  and  laboratory  findings  of  the  patients  with  severe  disease
(Adapted from Wu et al, 2020)

Sepsis, shock signs on presentation, ●

D-dimer level> 1 µg / mL on presentation, ●

High troponin, LDH values, ●

High AST, ALT values, ●

High inflammatory marker value: Interleukin-6 (IL-6), CRP, Ferritin ●

High creatine phosphokinase levels ●

Deep lymphopenia ●

Who can develop ARDS?

A well-designed study with a small-sample on development of ARDS and death
in patients with COVID-19 was published at JAMA (Wu et al, 2020).
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Accordingly, factors that increase the probability of developing ARDS are;

advanced age, ●

elevated neutrophil count, ●

organ failure, ●

coagulation dysfunction, ●

high LDH ●

high D-dimer, ●

Fever (T > 39°C). ●

Notes:  Age  is  associated  with  both  ARDS and  death,  while  fever  is  associated
with the development of ARDS, but it predicts a better outcome.

COVID 19 Complications are

Pneumonia●

Acute kidney injury●

Sepsis●

Secondary bacterial infection●

Septic shock●

Thromboembolism●

Left failure / ARDS●

Hospitalization complications●

Cardiomyopathy, arrhythmia, cardiac arrest●

GI bleeding●

ARDS

ARDS developing after acute viral pneumonia is the major cause of morbidity and
mortality of COVID-19.

It  develops with acute systemic inflammation that  develops following direct  or
indirect  injury  of  the  lung.  Epithelial  and  endothelial  cell  damage  in  the  early
exudative stage causes alveolar damage (Fig. 8).
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Fig.  (8).   (A/B).  In  H  type  ARDS  (upper  images),  there  is  increased  perfusion  in  GGO  areas,  mild-t-
-moderate hypoperfusion in the intact areas of lung, and absence of perfusion in consolidated areas. In L type
ARDS (lower images), again, increased perfusion in GGO areas can be noted, and hypoperfused areas in the
intact lung.

In this patient group, shortness of breath begins approximately 6.5 days aftera.
the onset of symptoms.
The  development  of  ARDS  starts  2.5  days  after  the  onset  of  shortness  ofb.
breath.
In  patients  with  critical  illness,  acute  hypoxemic  respiratory  failure  due  toc.
ARDS is the predominant finding.
Hypercapnia is rare.d.
Fever tends to wax and wane during ICU hospitalization.e.
The need for a mechanical ventilator (MV) varies between 30% to 100%.f.
Length of stay in ICU is long; most patients stay intubated for 1 to 2 weeks org.
longer.

Sepsis,  shock,  and  multi-organ  failure  occur  but  appear  to  be  less  common
compared  to  ARDS  not  associated  with  COVID-19.
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The  need  for  vasopressors  is  variable,  but  a  significant  proportion  need
vasopressor  support  for  hypotension  (usually  due  to  sedative  agents  or  cardiac
dysfunction).

Data  on  the  risk  of  secondary  bacterial  pneumonia  are  limited,  but  it  does  not
appear to be an important feature of COVID-19.

-  Lung  compliance  is  high  compared  to  other  ARDS  etiologies,  and  the
barotrauma rate appears to be low, with only 2 percent developing pneumothorax.

Activated  vascular  endothelial  cells  become  a  source  of  proinflammatory
cytokines and reactive oxygen species (ROS) and contribute to the development
of  coagulopathy,  systemic  sepsis,  a  cytokine  storm  and  ARDS.  Pulmonary
activated platelets are also an important source of proinflammatory cytokines and
ROS,  as  well  as  exacerbating  pulmonary  neutrophil-mediated  inflammatory
responses and contributing to systemic sepsis by binding to neutrophils to form
platelet-neutrophil  complexes  (PNCs).  PNC  formation  increases  neutrophil
recruitment,  activation  priming  and  extraversion  of  these  immune  cells  into
inflamed  pulmonary  tissue,  thereby  contributing  to  ARDS.  Sequestered  PNCs
cause  the  development  of  a  procoagulant  and  proinflammatory  environment
(Morris  et  al,  2020).

COVID-19 Pneumonia in Pregnancy

CDC reports highlighted that similar rates of pregnant and non-pregnant women
of reproductive age are symptomatic when diagnosed with COVID-19 pneumonia
( Ellington et al, 2020). A recent report of CDC- MMWR indicated that in women
younger than 44 years of age with symptomatic COVID-19, intensive care unit
admission, invasive ventilation, ECMO, and death were more likely in pregnant
women than in nonpregnant women (Zambrano et al, 2020). Therefore, pregnancy
is a risk factor for adverse outcome (Table 6).

Table 6. The pregnant patient faces the risks of COVID-19 pneumonia together with risks assumed by
the pregnancy itself

Complications of COVID-19 Pneumonia Fever
Hypoxemia

Respiratory Failure/ARDS
Sepsis and Shock

Obstetrical Complications Preterm Labor
Early Rupture of Membranes

Increased Risk of Abnormal Fetal Heartbeats
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In a systematic review and meta-analysis published in November 2020, Di Toro et
al. analyzed 24 articles, including 1100 pregnancies, and reported that the pooled
prevalence of pneumonia was 89% (95%CI 70-100), Only 8% had to be admitted
to ICU. Three stillbirths and five maternal deaths and three neonatal deaths were
reported.

Severe cases of  pneumonia requiring supplemental  oxygen were reported to be
more  likely  to  show  bilateral  alveolar  or  interstitial  infiltrates  on  CXR  when
compared  to  those  with  milder  course  (55·6% vs.  0·0%;  P-value  =  0·003)  and
serum C-reactive protein (CRP) levels >10 mg/dL (33·0% vs.  0·0%; P-value =
0·05) at admission (San-Juan et al, 2020).

The  most  common  laboratory  abnormalities  are  lymphopenia  with  47%,  and
elevated  liver  enzymes  in  17%.  ARDS  and  myocardial  injury  are  the  most
frequent  complications  identified  so  far  (Huntley,  2020).

Definition and Precipitation of ARDS:

According  to  Berlin  criteria;  it  was  defined  as  new  or  worsening  respiratory
distress  that  occurs  within  1  week.  However,  onset  of  ARDS  associated  with
COVID-19 was found to be similarly 8 to 12 days in different studies. For early
diagnosis and treatment, attention should be paid to the risk of developing ARDS
in patients whose disease duration lasts for longer than one week.

ARDS is a condition associated with many disease processes and causes reduced
lung  compliance  and  severe  hypoxemia.  In  some COVID-19-associated  ARDS
patients who meet the ARDS Berlin criteria, lung compliance is relatively good
and inconsistent with the severity of hypoxemia (Table 7).

Table 7.  Berlin Criteria in Diagnosis of ARDS.

Berlin Criteria in Diagnosis of ARDS

Timing De novo or worsening respiratory distress that occurs within 1 week

Pulmonary imaging Bilateral opacity that cannot be explained by effusion, collapse or nodule

Causes of edema Evidence that respiratory distress is not due to heart failure or hypervolemia
with objective measures such as echocardiography/ POCUS.

Impairment of Oxygenation
• Mild

• Moderate
• Severe

200 mmHg ≤ PaO2/FiO2 < 300mmHg)
100 mmHg≤ PaO2/FiO2 < 200mmHg)

PaO2/FiO2 ≤ 100 mmHg)+PEEP≥5cmH2O
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from ARDS triggered by other causes (Table 8).

Table 8. Features of ARDS precipitated by COVID-19 and ARDS triggered by other causes

Specific Characteristics of ARDS Related to
COVID-19

Differences from ARDS Precipitated by other Causes

Involvement: Respiratory system and alveolar
epithelial cells

Time of onset; 8-12 days

The severity of clinical findings are inconsistent
with laboratory and imaging findings and

relatively mild.

Lung compliance is relatively normal in
some COVID-19-associated ARDS patients.

Severity classification based on oxygenation index:
When PEEP≥ 5 cmH2O

Mild (200 mmHg ≤ PaO2 / FiO2 <300mmHg)
Mild to Moderate (150 mmHg≤ PaO2 / FiO2 <200

mmHg)
Moderate to Severe (<150 mmHg)

Management protocol;
HFNO may be safe even in some moderate to severe

cases.
The timing of invasive MV can be critical.

Corticosteroids: Their effect is not very well established.

Treatment of Pneumonia and ARDS

Hypoxia Management in Severe and Critical COVID-19 Patient

Non-intubated Patient

Prone Position

Emerging  evidence;  shows  that  pronation  is  feasible  and  results  in  increased
oxygenation  in  patients  with  COVID-19,  regardless  of  whether  they  receive
supplemental oxygen, HFNO or NIMV support alone. However, it is still unclear
whether pronation prevents intubation, accelerates recovery, or reduces mortality.

High-flow Nasal Oxygen Treatment (HFNO)

HFNO  reduces  the  need  for  endotracheal  intubation  in  ARDS  patients,  when
compared  to  standard  oxygen  therapy.  Although  HFNO  is  primarily
recommended for patients with mild ARDS in some studies, it ensures that even
patients with an oxygenation index of 100 mmHg remain stable for a considerable
time window. This situation is somehow inconsistent with the treatment strategies

Specific  characteristics  of  ARDS related  to  COVID-19  are  somewhat  different
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of ARDS caused by other factors.

Target Levels for Oxygenation

WHO recommends oxygen saturation to  be  ≥94% during the  first  resuscitation
and> 90% for maintenance SpO2.

In the patient with critical COVID-19 pneumonia; ideally, SpO2  should be kept
between 90-96% at the lowest possible inspired oxygen fraction (FiO2) to meet
the oxygenation target.  However,  this  target  may differ  between patient  groups
(such as concomitant hypercapnic oxygen deficiency caused by COPD, pregnant
patient). Hyperoxia should be avoided.

Nebulized Treatment

Nebulizers are associated with aerosolization and potentially increase the risk of
SARS-CoV-2  transmission.  In  suspected  or  documented  COVID-19  patients,
nebulized  bronchodilator  therapy  should  be  reserved  for  acute  bronchospasm (
e.g.  in case of asthma or exacerbation of COPD). Otherwise, nebulized therapy
should generally be avoided, especially for indications without a clear evidence
base.

Intubated Patient

Most  patients  who  develop  ARDS  in  the  course  of  COVID-19  will  need
mechanical  ventilation.  Delaying  intubation  until  the  patient  is  in  acute
decompensation  will  harm  the  patient  and  healthcare  workers  and  is  not
recommended. Increased oxygen requirements of the patients should be evaluated
with repeated examinations every 1 to 2 hours and blood gas control (Table 9).

Indications of emergent control of airway (endotracheal intubation) include:

Rapid deterioration of the clinical status within hours,

No clinical improvement despite high flow oxygen support FiO2> 0.6 and> 50 L
/ min,

Worsening dyspnea, development of hypercapnia, altered mental status,

Evidence of hemodynamic instability or multiple organ failure,
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receiving  HFNO  should  be  closely  monitored  due  to  the  need  for  immediate
intubation.

Veno-venous  extracorporeal  oxygenation  (V-V  ECMO):  It  is  preferred  in  the
patients  in  extremis,  in  whom  ARDS  develops  and  progresses  rapidly.

Table 9.  Oxygen treatment principles and dosages.

Oxygen
Treatment

Low-flow O2

systems

Up to 6 L / min, with nasal cannula,
• Oxygenation up to 10-20 L / min is
administered with simple face mask,

Venturi face mask, nonrebreather
mask

• As the current increases, the risk of
aerosolization will increase.

HFNO

HFNO 14%-63%, NIMV 11%-56%
utilization rate

• It has been reported that HFNO
reduces the need for MV in patients
with COVID-19 severe pneumonia

• Patients should be followed up
clinically and with blood gases every

1-2 hours.
• HFNO should be ordered at the

lowest possible values. (20 L/min and
FiO2 0.4)

• For NIV, a full face mask should be
preferred. CPAP should start with a

value of 5 to 10 cmH2O.

• There are not enough studies yet on
how effective this approach is in

avoiding intubation.
• In case of a sudden increase in oxygen
demand, pulmonary embolism should

be ruled out.
• New devices have been launched to
limit aerosol emission from patients

receiving HFNO or NIV; however, its
effectiveness on clinical results has not

yet been tested.

Specific Drug Treatments

Various treatments are being evaluated for COVID-19. Although some of these
treatments are clinically available for other indications, their use for COVID-19
continues to be investigated (Table 10).

Corticosteroids (CST) have been recognized as a potential treatment for ARDS
because of its role in alleviating inflammation and fibrosis. The agents were found
to be associated with increased viral clearance and mortality rate in MERS-CoV
and influenza infections.

IMV:  Because  severe  COVID-19  patients  may  deteriorate  rapidly,  patients
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Table 10. Some treatment agents and advices for use in COVID-19 pneumonia

Drug Notes- Advices

Plasma • Plasma taken from donors fully recovered from COVID-19 is administered to the patient.
• FDA approved the agent for investigational use.

• Studies have reported that patients with severe COVID-19, who are in mechanical
ventilation despite antiviral therapy and have high viral titers, have decreased viral load and

disease severity scores 12 days after plasma transfusion (Shen et al, 2020).
● Based on past experience and available data, efficacy is expected to be best when plasma

treatment is given in the early stages of the disease, especially before patients become
critically ill.

Empirical Antibiotic
Treatment

Not routinely recommended. Antibiotics are ordered if:
• Bacterial pneumonia suspected,

• The suspicion of superinfection developing during follow-up (new consolidation or fever in
thoracic imaging) (Wang D, 2020).

NSAID Acetaminophen and NSAIDS can be considered to relieve pain and other signs of
inflammation. The lowest dose of NSAIDs should be given.

IL-6 Inhibitors • Tocilizumab is an interleukin-6 (IL-6) receptor inhibitor used for rheumatic diseases and
cytokine release syndrome.

• High IL-6 levels have been identified in patients with severe COVID-19 and accordingly,
case reports have described favorable outcomes with tocilizumab. (Mehta

et al, 2020; Luo et al, 2020)
• The treatment guidelines of the Chinese National Health Commission included the agent

for patients with severe COVID-19 and high IL-6 levels.
● The IDSA guideline panel recommends tocilizumab only in the context of a clinical trial.
Additional clinical studies are needed to inform research on the effectiveness of treatment

with tocilizumab for patients with COVID-19.

Remdesivir (IV) • It is a nucleotide analog that possesses prominent activity against SARS-CoV-2 in both in
vitro and animal studies. (Sheahan et al, 2017).

Side effects: nausea, vomiting and elevations in transaminases
• Contraindications:

- High ALT level (5 times above the normal limits),
- Chronic kidney disease (Creatinine clearance <30- 50 mL / min),

- pregnancy and breastfeeding
• In a case series;

Clinical improvement demonstrated in 68% of hypoxic patients
- 57% of intubated patients were extubated,

- It was reported that 3 of 4 patients who underwent extracorporeal membrane oxygenation
(ECMO) were weaned from ECMO (Grein et al, 2020)

• However; data from, randomized comparison studies are still needed to establish the effect
of remdesivir.

● IDSA and FDA32; recommends the use of remdesivir in adult and pediatric patients with
severe COVID-19 pneumonia. (Conditional recommendation, moderate evidence).

● 100 mg IV daily to complete 5 days after 200 mg IV initial dose.
● IDSA warns that the benefit of remdesivir is greater in severely ill patients with adequate

oxygen support rather than patients under MV or ECMO therapy for emergency and
medication shortages. Again, a 5-day treatment is recommended for this patient group
instead of 10-day treatment, such as those under MV or ECMO treatment. Remdesivir
treatment is stopped if the patient's discharge is planned before the end of the treatment

period.
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Drug Notes- Advices

Favipiravir It is an RNA polymerase inhibitor used in the treatment of Influenza and produced favorable
results in the management of COVID-19.

• Although data are limited, SARS-CoV-2 may accelerate RNA clearance.
• In a nonrandomized study of patients with non-severe disease in China, favipiravir use had

faster viral clearance rates (median 4 versus 11 days) and higher rate of radiological
improvement (91% versus 62% on Day 14) compared to lopinavir-ritonavir.

Lopinavir-ritonavir • This combined protease inhibitor used for HIV infection has been found to have in vitro
activity against SARS-CoV. (Groneberg et al, 2020).

In a randomized study; 199 patients with severe COVID-19 were administered lopinavir-
ritonavir (400 / 100mg) twice daily for 14 days. There was no improvement in clinical

improvement compared to standard treatment. (Cao et al, 2020).

Hydroxychloroquine
/ Chloroquine

• It is believed to inhibit the progression to ARDS by inhibiting TNF-α and IL-6 production.
• In-vivo effectiveness has not been clearly established yet.

• These agents can prolong the QT interval and should be used in patients with a long QTc
interval or with other agents that affect cardiac conduction, with caution and under close

monitoring (Simpson et al, 2020).
• Other side effects include retinopathy or cardiomyopathy (may ensue in prolonged use and

in higher doses)
Hydroxychloroquine: 400 mg × 2 the first day, then 400 mg, 5 days in total

Chloroquine: 500 mg per day (4-7 days) after 1 g on the first day (FDA, 2020)
• Antiviral activity of hydroxychloroquine is stronger.

● WHO ended the hydroxychloroquine trial of the large SOLIDARITY trial after existing
data.

● IDSA recommends not to use hydroxychloroquine / chloroquine, hydroxychloroquine /
chloroquine + azithromycin in hospitalized patients. (Strong recommendation, moderate

level of evidence). https://www.idsociety.org/practice-guideline/covid-19-guidel-
ne-treatment-and-management/

● In June 2020, FDA; cancelled the authorization for use in severe COVID-19 patients, as
the known and potential benefits of these drugs do not outweigh the risks.

Azithromycin plus
hydroxychloroquine

• It is not recommended to routinely use azithromycin in combination with
hydroxychloroquine to treat COVID-19.

• Both azithromycin and hydroxychloroquine are associated with QTc prolongation, and
concomitant use may cause a more severe effect in this context.

Interferon-β • There is no direct data evaluating the effect of interferon beta on SARS-CoV-2. However,
interferon beta effectively reduces MERS-CoV in vitro and has resulted in good results in the

animal model of MERS-CoV infection (Hart et al, 2020).

Venous
Thromboembolism

Prophylaxis

Recommended for all inpatients diagnosed with COVID-19.
• There should be no contraindication (active bleeding, severe thrombocytopenia).

• Dysregulated coagulation parameters, diffuse intravascular coagulation (DIC) were
associated with disease severity and mortality.

CST use in ARDS patients remains controversial, but this treatment is currently
the  only  pharmacological  intervention  that  can  reduce  morbidity  and  mortality
(Fig. 9).

(Table 10) cont.....

https://www.idsociety.org/practice-guideline/covid-19-guideline-treatment-and-management/
https://www.idsociety.org/practice-guideline/covid-19-guideline-treatment-and-management/
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Fig. (9).  >ARDS development is delayed by the use of methyl prednisolone or it is prevented.

Moreover,  methylprednisolone  shortened  the  duration  of  invasive  mechanical
ventilation need and reduced mortality in patients with ARDS. However, WHO
does not recommend the routine administration of systemic CST to COVID-19 or
COVID19-associated ARDS patients.

The  IDSA  guideline  panel  recommends  glucocorticoid  administration  in
hospitalized  patients  with  critical  COVID-19.  (Conditional  recommendation,
Moderate  level  of  evidence).

CST are not recommended for routine treatment (If there are no indications such
as COPD attack or refractory septic shock) (CDC, 2020).

Note:  Dexamethasone  6  mg  IV  or  PO can  be  substituted  for  10  days  (or  until
discharge if earlier) or the equivalent glucocorticoid dose if dexamethasone is not
available. The equivalent total daily doses of glucocorticoids alternative to 6 mg
dexamethasone per day are 32 mg methylprednisolone and 40 mg prednisone.

CONCLUSION

Pneumonia is the principal complication to be noticed in a patient who is going to
deteriorate  in  the  course  of  COVID-19.  ARDS and respiratory  failure  are  final
common  pathways  leading  to  death  in  the  patients  in  extremis.  ARDS
development is delayed or prevented by the rational use of mechanical ventilation
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and some agents such as methyl prednisolone. Timely diagnosis and management
cannot be overestimated in a patient prone to develop severe pneumonia, ARDS
and respiratory failure.
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CHAPTER 12

Pregnancy,  COVID-19,  and  Children:  Dangerous
Trio?

Abstract: It  has not been proven that  the infection is  transmitted to the baby in the
uterus. It is currently known that pregnant women with COVID-19 are mostly infected
in the last period of pregnancy. In general, the clinical course of the disease is similar
to  non-pregnant  ones.  Most  drugs  can  be  given  to  these  women in  the  treatment  of
COVID-19 and its complications, while some are dangerous. In addition, women with
COVID-19  can  and  should  breastfeed  their  babies  with  adherence  to  universal
precautions and hygiene. Tomography can be elicited in pregnant women due to this
vital  requirement.  When  pregnant  women  are  suspected  of  having  COVID-19,  they
have priority for treatment and hospitalization.

Compared to adults, children have less tendency to be infected with the disease, and
they recover from the disease with milder symptoms. Stronger immunity in children
fed  with  breast  milk  and  other  vaccines  is  also  a  supportive  assumption.  Fever  and
respiratory complaints are common in children. Increased inflammatory markers and
low lymphocyte  count  (and percentage)  in  complete  blood count  (lymphopenia)  are
less common in children.

Keywords:  COVID-19,  Children,  Diagnosis,  Mother,  Newborn,  Pandemic,
Pregnancy,  Treatment.

Infections and especially pneumonia during pregnancy can be one of the common
causes of death. In 1957-58 Asian flu, 10% of deaths were recorded in pregnant
women,  and  death  rates  were  more  common  than  non-pregnant  women.  In
general, respiratory diseases in pregnant women are a more serious problem than
the other population.

In the 2002-2003 SARS disease epidemic, a clinical course in pregnant women is
worse than non-pregnant women. It has also been reported that preterm birth and
miscarriage rates increase. 4 out of 7 pregnant women who were admitted in the
first 3 months (trimester) resulted in miscarriage/abortion, and 4 out of 5 pregnant
women  who  were  referred  after  24  weeks  resulted  in  premature  birth  (Wong,
2004).
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It has been reported that immunity based on T-helper 2 cells, which is dominant in
pregnant women, is a system that protects the fetus and exposes pregnant women
to infection (Dashraath et al., 2020). Therefore, the need for different principles of
care in COVID-19 pandemics in pregnant women has been underlined.

Only  five  of  the  1308  cases  registered  in  the  MERS epidemic  in  Saudi  Arabia
between 2012-2016 were pregnant women and all of them resulted badly (Assiri,
2016).  All  of  the  cases  were  between  the  ages  of  27-34,  and  all  required
admission to ICU. Two women died, and two infant deaths (perinatal death) were
recorded.

WHAT ARE THE CHARACTERISTICS OF PREGNANT WOMEN WITH
COVID-19?

Pregnant women with COVID-19 are younger than pregnant women with SARS
and MERS, between the ages of 23-40. Shortness of breath is seen in up to 18%
(Guan, 2020). Fever was reported as 84%, and cough was 28% (Dashraath, 2020).
Similar to non-pregnant women, the main complaints are fever, cough, shortness
of  breath,  and  the  most  common  finding  is  lymphopenia.  The  main  finding  in
radiology is peripherally distributed shadowing on CXR, while bilateral diffuse
ground glass opacities (GGO) are typical in tomography (Kong 2020, Shi 2020).

Should there be a Different Warning for Pregnant Healthcare Workers?

Yes,  there  is.  In  well-designed  clinical  studies,  it  has  been  reported  that  high-
protection masks such as N95 result in insufficient oxygen intake after 1 hour of
physical activity in the late pregnancy (second and third trimester) (Tong 2015,
Roberge 2014).

Could  the  Pregnant  Women  with  Covid-19  Transmit  the  Disease  to  the
Baby?

No.  That  is,  such  a  possibility  is  negligible.  During  pregnancy,  there  is  an
increased risk of all kinds of respiratory infections such as influenza (flu). It has
not been proven that the infection is transmitted to the baby in the uterus. When it
comes to COVID-19, it is known that pregnant women are mostly infected in the
last period of pregnancy. In general, the clinical course of the disease is similar to
non-pregnant ones.

Few cases have been reported that represent the transmission of COVID-19 from
mother to baby before or during delivery (Rasmussen 2020). The COVID test was
found  positive  in  a  newborn  30  hours  after  its  birth  on  February  5,  2020  in
Wuhan.
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COVID-19  pneumonia  requiring  mechanical  ventilation  has  been  reported  in  a
30-week pregnant woman (Wang, 2020). Pregnancy was terminated by cesarean
section (C/S) and she recovered.

Of  note,  placenta  and  amniotic  fluid  swabs  in  pregnant  women  infected  with
COVID-19 were completely negative for COVID-19. Likewise, no relationship
has  been  established  between  early  termination  of  pregnancy  (abortion)  and
COVID-19,  SARS,  and  MERS  infections.

How is Protection from Covid-19 during Pregnancy?

Individual isolation and social solidarity provide protection for pregnant women.
It is also important not to visit hospital unless it is mandatory.

What are the General Treatment Methods in Pregnant Women?

Pregnant women with suspected or diagnosed CoVID-19 infection should receive
supportive  therapy  (oxygenation,  hydration,  antibiotic  therapy,  and  others)  like
other patients. In addition, fetus should be followed up, and uterine contractions
should be closely monitored. Be aware of preterm birth and birth control should
be individualized.

The  indication  of  emergency  C  /  S  and  delivery  in  pregnant  with  CoVID-19
infection is a difficult decision. Obstetrics, ICU, and infection specialists should
have a consensus on a joint decision and individualized treatment plan.

Attention should be paid to pregnancy warnings in drug use. Personal risk-benefit
balance should be taken into account on every step. Consultation should be sought
from obstetrics and gynecology whenever necessary.

Fever Treatment:

Taking plenty of fluids and warm showers every few hours, along with cooling
the ambient temperature is more effective than many agents in reducing fever.

Medications:

Paracetamol is the safest choice of agents. Although the NSAID group “profen”s
(ketoprofen / dexketoprofen / ibuprofen / flurbiprofen) are effective agents against
fever, care should be taken as they may hide the signs and symptoms of COVID-
19 infection. Nonetheless, alleviating fever appears to be an important goal of the
symptomatic treatment, thus antipyretic medications are mainstays of treatment in
many instances.
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Are  the  Drugs  used  in  the  Treatment  of  Covid-19  Harmful  during
Pregnancy?

Tocilizumab, which is safely recommended as an anti-inflammatory in COVID-
19 cases, cannot be used in pregnancy, since there are not enough studies. It has
even been reported that the drug should be discontinued before pregnancy.

The  use  of  chloroquine  and  its  metabolites  generally  appears  to  be  safe  and
effective. Since the volume of distribution (Vd) is high, it requires higher doses
(at  least  500 mg chloroquine) during pregnancy (Gao, 2020).  These high doses
can be associated with systolic hypotension which is aggravated by compression
of the enlarged uterus on the inferior vena cava in the supine pregnant woman.
Therefore, left lateral decubitus position should be emphasized to assume.

Azithromycin is one of the drugs that should be avoided during pregnancy. It can
cause developmental disorders (malformations) in the newborn.

Lopinavir  /  ritonavir  treatment,  which  has  been  used  for  a  long  time  in  the
treatment of AIDS, is among the useful strategies for pregnant women. There are
no  suggestions  for  changes  in  pregnancy,  including  dose  reduction,  for  these
agents.

Remdesivir, one of the broad-acting anti-nucleotide antiviral agents, seems safe
in  pregnancy.  Phase  3  studies  are  carried  out  for  effectiveness.  Favipiravir,
another  polymerase  inhibitor,  cannot  be  used  in  pregnant  women.

Although the use of corticosteroids is not recommended routinely, it can be used
within an individualized plan in selected cases such as ARDS.

Can the Woman with COVID-19 Breastfeed her Baby?

Yes.  Transmission  of  COVID-19  to  a  child  through  breast  milk  has  not  been
demonstrated by breastfeeding. On the contrary, the benefits of breastfeeding are
immense, and the child should not be deprived of it with a diagnosis or suspicion
of  COVID-19.  This  should  be  taken  into  account  only  if  the  mother  is  using
antiviral and other drugs. Even if the mother is very sick, it is tried to be given to
the child by expressing the milk or by another suitable method.

Is there Anything to Pay Attention to After Birth?

When  the  baby  is  given  to  the  mother,  the  infection  in  the  mother  can  be
transmitted  to  the  baby  via  breathing  and  droplets.  Washing  hands  before
touching  the  baby  and  using  a  mask  will  be  protective.
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COVID-19 in Newborns and Children:

There are more than 27 million of registered COVID-19 cases worldwide, while
very  few  cases  of  newborns  and  children  are  recorded,  which  means  that  the
children's immune system protects them.

Since  the  beginning  of  the  COVID-19  pandemics,  until  March  22,  2020,  there
were  no  deaths  between  the  ages  of  0  and  9.  There  is  a  0.2%  mortality  rate
between  the  ages  of  10  and  19.  96% of  the  children  have  mild  disease  (Dong,
2020).  Analyzing  the  whole  situation,  the  clinical  status  is  milder  in  children
when compared to the adults. However, it should be remembered that they can be
severe in selected cases.

There  is  hardly  any  transmission  from  mother  to  child  through  the  placenta.
Deaths from children are also very exceptional. In newborns born to COVID-19
infected mothers, the tests were mostly negative.

A multicenter cohort study was conducted among newborns born to mothers with
COVID-19 in  34 neonatal  intensive  care  units  (NICUs)  in  Turkey (Oncel  MY,
2020).  Eight  of  125  mothers  (6.4%)  were  admitted  to  an  ICU for  MV,  among
whom six died (4.8%). Four of 120 newborns (3.3%) had a positive RT-PCR test
result.  Although  samples  taken  on  the  first  day  were  negative,  one  neonate
became  positive  on  the  second  day  and  the  other  two  on  the  fifth  day.

In cases such as neonatal jaundice, systems are to be developed in which parents
can  take  care  of  the  baby  bedside  at  home  against  the  dangers  of  leaving  the
house.

Can Children Take COVID-19 Medications Used by Adults?

The safety of lopinavir / ritonavir in the neonatal period and premature infants has
not  been  established.  Apart  from  that,  other  drugs  including  oseltamivir  and
chloroquine  can  be  used.

In  summary,  COVID-19 infection  during  pregnancy  may increase  the  need  for
admission into ICU in pregnant women and the risk of maternal death. The rate of
spontaneous miscarriage and premature birth are also likely to be high.

In  the  baby,  the  risks  of  growth  retardation,  perinatal  death,  and  respiratory
distress  syndrome  increase.
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Can tomography be obtained for the diagnosis of COVID-19 in pregnant women?

Clinical deterioration in patients with COVID-19 occurs as a result of respiratory
failure  due  to  multiple  organ  failure,  especially  pneumonia.  For  this  reason,
identification  of  disease  effects  in  the  lung  is  the  most  important  tool  in
enlightening the extent and severity of the disease. Tomography can be elicited in
pregnant women due to this vital requirement.

Important note: When pregnant women are suspected of having COVID-19, they
have priority for treatment and hospitalization (Algorithm 1).

Algorithm 1.  The algorithm below is the most recent recommendation for pregnant women.

COVID-19 IN CHILDREN: IT IS NOT A FAIRY TALE, IT IS A REALITY

Children account for 1% to 5% of COVID-19 cases in the large total. In a study
involving 44,672 confirmed COVID-19 cases by February 11, 2020, 965 people
(2.2%) died, only one of them was under 19 years old (Epidemiology Working
Group  for  NCIP  Epidemic  Response,  Chinese  Center  for  Disease  Control  and
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Prevention,  2020).  Those  under  10  years  of  age  at  the  time  of  diagnosis  are
reported at  a rate of 0.9%. Among 22,000 cases in Italy,  the rate of children is
1.2% and there is no death (Livingston, 2020). 2% in China and 5% in the USA
were the share of children among all cases, respectively (CDC, 2020). Guan et al.
stated that 0.9% of those affected in a large series in China were under the age of
15 (Guan, 2020).

Compared to adults, children have less tendency to be infected with the disease,
and they recover from the disease with milder symptoms. Although there is  no
difference  in  terms  of  encountering  the  virus,  their  findings  are  much  less
common.  Deaths  are  very  rare  in  childhood.  Ludvigsson  et  al.  combined  the
findings  of  45  studies  in  their  systematic  review  (Ludvigsson,  2020).  They
reported that children showed a better clinical course than adults and deaths were
very rare.

What could be the reason why COVID-19 is rare in children? This is most likely
due  to  the  relatively  low  availability  of  ACE-2  receptors  in  children.  Stronger
immunity in children fed with breast milk and other vaccines is also a supportive
assumption.

Are the Children “Carriers of COVID-19”?

Both yes and no. There are scarce literature data on this issue. In Switzerland, the
researchers found that in only 8% of households did a child develop symptoms
before  any  other  household  contacts  (Posfay-Barbe,  2020).  The  finding  is  in
accord with similar studies which cited that children are index cases in less than
one-tenth of familial clusters with COVID-19.

Are the Signs and Symptoms in Children Different from Adults?

It is basically no different. Fever and respiratory complaints are common. In fact,
the fever  response is  sharper  and more common than adults.  Up to  98% of  the
patients  have  fever  at  some  point  in  the  disease  course.  However,  severe
pneumonia  is  much  less  common  in  children.  Although  nasal  discharge  is  not
expected in adults, it  can be seen in some children. Clinical manifestations and
laboratory findings somewhat differ from those of adults (Figs. 1 & 2).

Pearl: Children present into the hospitals without any symptoms more commonly
than adults, or have milder symptoms than all others.

Although  rare,  pediatric  multisystem  inflammatory  syndrome  temporally
associated  with  COVID-19  infection  is  a  severe  disease.
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Fig. (1).  Common clinical manifestations of symptomatic COVID-19 infection in children (Adapted from
Naja, 2020).

Fig.  (2).   Common  laboratory  findings  to  be  expected  in  symptomatic  COVID-19  infection  in  children
(Adapted from Naja, 2020).

The table below can be used to distinguish COVID-19 from diseases such as cold,
flu, and common cold. It should be kept in mind that the rate of correct diagnosis
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is not 100% even by the most experienced physician, and it is necessary to refer to
the family health center or hospital in case of doubt (Table 1).

Table 1. Characteristics of symptomatology seen in the courses of three common diseases to take into
account in the differential diagnosis

Symptoms COVID-19 Cold Flu

Evolution Symptoms range from mild
to severe

Gradual onset of
symptoms

Abrupt onset of
symptoms

Fever Common Rare/Mild Common

Fatigue Sometimes Sometimes Common

Cough Common (dry) Rare/Mild Common (dry)

Sneezing - Common -

Aches and pains Sometimes Common Common

Runny or stuffy nose Rare/Mild Common Sometimes

Sore throat Sometimes Common Sometimes

Diarrhea Rare/Mild - Sometimes

Headaches Sometimes Rare/Mild Common

Shortness of breath,
dyspnea

Sometimes - -

Of  note,  ‘pediatric  multisystem  inflammatory  syndrome’  which  can  be
encountered  in  the  course  of  COVID-19  deserves  special  attention  (Table  2).

Is COVID-19 more Risky for Children with Asthma or Allergies? What are
the Risks?

For the physician, asthma is not a single or monotonous disease. Mild and severe
asthma are not put together. A patient who has to use the inhaler medicine in his
bag infrequently, can walk comfortably at hospital admission, can speak in long
sentences,  and  whose  respiratory  rate  is  within  normal  limits  for  age  is  no
different from a patient without asthma in terms of risks. In addition, patients who
have  to  use  their  inhaler  at  high  doses  continuously,  who  have  a  history  of
intubation / mechanical ventilation, and who use steroids are at high risk for poor
prognosis. Similar points can be highlighted for allergy. A history of anaphylaxis
is  particularly  important  because  the  risk  of  developing  allergies  or  even
anaphylaxis to the treatments that will be given will be much higher than that of
other  people.  If  the  child  is  taken  to  the  hospital  with  suspected  COVID-19,  a
history of allergy, asthma and anaphylaxis must be recorded.
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Table 2.  Clinical features in children with pediatric multisystem inflammatory syndrome temporally
associated with COVID-19.

Frequency Seen Clinical Feature

All Persistent fever >38.5˚C

Most Hypotension

Oxygen requirement

Some Conjunctivitis

Rash

Mucous membrane changes

Swollen or hard hands and feet

Lymphadenopathy

Neck swelling

Sore throat

Abdominal pain, diarrhea or vomiting

Headache, confusion, or syncope

Cough or respiratory symptoms

Are the Laboratory Findings Different in Children?

No,  they  are  not.  The  leukocyte  count  (WBC)  in  children  with  COVID-19  is
normal or low as in adults. Increased inflammatory markers and low lymphocyte
count (and percentage) in complete blood count (lymphopenia) are less common
in children. It has been reported that lymphopenia is seen in only 3 to 3.5% of the
afflicted children (Lu, 2020). There are studies that associate high procalcitonin
levels  with  severity  of  disease  (Henry,  2020).  Studies  on  IL-6  are  also  being
conducted.

Which Children get COVID-19?

Similar to adults, the presence of comorbid diseases is the most significant risk
factor. 1391 children, who had contact with adults with COVID-19 diagnosed in
China, were screened, whether symptomatic or not (Lu et al. 2020). 171 children
(3/5 are boys) were diagnosed and hospitalized. The median age of the children in
this  study  was  6.7  years.  The  most  common  findings  were  fever,  cough,  and
redness in the throat. The median duration of fever is 3 days (range: 1 to 16 days).
Diarrhea was detected in 8.8%, while tachypnea and tachycardia were found in
28%  and  42%,  respectively.  Although  the  tests  are  positive,  there  are  neither
radiological  findings  nor  symptoms  in  27  children  (15.8%).  There  were
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radiological  findings  in  12  children  without  any  symptoms.  All  3  children
requiring admission to ICU and mechanical ventilation have comorbid diseases
(hydronephrosis, leukemia, intussusception). Lymphopenia was detected in 3.5%
of cases. Radiological findings are mostly ground glass opacities (1/3 cases), local
patchy opacity (18%) and bilateral patchy shadowing (12%).

Newborns:  An  analysis  by  the  WHO  examined  149  pregnant  women  and
revealed that pregnancy does not pose a risk factor for COVID-19 per se (WHO,
2020). Nevertheless, it has been reported that COVID-19 infection while pregnant
can lead to fetal distress, premature birth, and respiratory distress (Zhu, 2020). It
is accepted that there is no transmission from the mother to the child through the
placenta.

39 newborns delivered by 38 pregnant women with COVID-19 were examined in
detail (Schwartz, 2020). Thirty of 39 children have been tested for COVID-19 and
all are negative.

How is the Covid-19 Virus Transmitted to Children?

It is not different with adults. Children are more active than adults in putting their
hands to their mouths and faces. It will be very easy for the child to encounter the
virus if the adult brings a virus-infected item to the house from outside, or does
not comply with hygiene practices. For example, if there is a toddler at home, it
would be appropriate to put the shoes at home in a bag or leave them completely
outside the door.

Should  Masks  and  Gloves  be  used  for  Children  who  are  Going  Out
Necessarily?

This precaution, which applies to other people, is of course valid for children, too.
Masks with high protection, such as N95 or N99 are absolutely not suitable for
children. Since the oxygen consumption per kilogram of children is much higher
than adults,  these  masks,  which can prevent  easy breathing,  can cause hypoxia
and syncope.

Since The Mortality Rate in Children is Close to Zero, Covid-19 has Nothing
to do with Children, Right?

Not that much. Children are carriers. Asymptomatic children with the virus can
walk around freely and infect adults and the elderly.
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Should Children be Locked up at Home?

School  closures  and  children  staying  at  home  have  been  examined  in  some
important  studies  and  it  has  been  suggested  that  it  has  negative  consequences
(Wang, 2020). These undesirable effects can be prolonged “screen time”, irregular
sleep due to lack of exercise, diet problems, weight gain and loss of respiratory-
circulatory  health  status.  Sprang  et  al.  reported  that  the  risk  of  post-traumatic
stress disorder is higher in children after prolonged home closure (Sprang, 2013).

Disease severity in children: In one of the largest series published, only 5.2% of
children  had  severe  disease  and  0.6%  had  critical  illness  (Dong,  2020).  Here,
severe illness was defined as shortness of breath, central cyanosis, and a decrease
in  O2  saturation  below  92%.  Critical  illness  is  the  development  of  respiratory
failure, shock, and symptoms of multiple organ failure. In this series, the rate of
severe  and  critical  illness  in  children  under  1  year  of  age  is  the  highest  in  all
childhood periods with 10.6%.

The  rate  of  children  among  COVID-19  patients  hospitalized  in  the  USA  was
reported as 1.6% to 2.5%, and no intensive care was required in any case (CDC,
2020). In Lu's series of 171 cases, the only death occurred in a 10-month-old child
with intussusception with multiorgan failure (Lu, 2020).

Does the Baby's Breastfeeding Affect the Covid-19 Clinical Course?

Yes. With the high secretory IgA and some other substances contained in breast
milk, passive natural immunity is provided in every child. During the COVID-19
pandemic,  maintaining  and  supporting  breastfeeding  is  essential  to  prevent
infection.  In  case  of  suspected  contact  or  clinically  supported  infection,  it  is
recommended  that  the  mother  donate  breast  milk  by  wearing  a  mask  and
providing the necessary hygiene rules to breastfeeding or milking (Gokcay, 2020).
Maintenance  and  sustaining  breastfeeding  during  pandemics  is  very  important
because  breast  milk  has  immunological,  anti-infective  and  immunomodulatory
effects as well as unique nutritional properties (Lawrence, 2016).

Intact  immunity  plays  an  important  role  in  overcoming  the  disease  with  mild
course. Disease transmission via breast milk has not been reported in children.

Cellular components found in breast milk that directly affect immunity;

Leukocytes●

Macrophages●

Polymorphonuclear leukocytes●

Lymphocyte●
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Stem cells●

How is the Diagnosis Made?

The  diagnosis  is  established  by  searching  for  the  nucleic  acid  of  the  virus  in
samples taken from the respiratory tract in most countries around the world, that
is,  RT-PCR  study.  In  some  countries  such  as  China,  it  has  been  found  more
appropriate to diagnose it with the clinical focus. In this system, at least two of the
clinical findings are expected to accompany laboratory and radiological findings
(Fig. 3).

Fig. (3).  At least two of the clinical findings are expected to accompany laboratory and radiological findings
to establish the diagnosis of COVID-19. Some researchers stated that some other viral pneumonias such as
influenza and H1N1 infection should be ruled out for diagnosis (Dong, 2020).

Imaging Principles for Pediatric COVID-19 Suspected Cases

First of all, high-radiation imaging (e.g. CT) is not recommended as a screening
test  for  children  with  suspected  COVID-19.  This  is  also  true  for  children  with
mild clinical symptoms. However, imaging is recommended when there are risk
factors for disease progression or worsening.

Chinese researchers emphasized that it is appropriate to scan children with x-ray
and  tomography  if  necessary  for  diagnostic  examination  (Shen,  2020).
Differential  diagnosis includes influenza virus,  parainfluenza virus,  adenovirus,
respiratory syncytial virus, rhinovirus, human metapneumovirus and other viral
agents.  It  has  been  reported  that  bacterial  pneumonia  agents,  Mycoplasma
pneumonia  and  Chlamydia  pneumonia  should  also  be  differentiated  from
COVID-19.

It is more appropriate to start with CXR in children with mild to severe symptoms
and  signs.  CT  should  only  be  requested  if  the  results  are  thought  to  affect  the
clinical course (accompanying pneumothorax, bacterial co-infection). In certain
situations, magnetic resonance imaging (MRI) may also be considered for early
diagnosis of COVID-19 pneumonia because it contains little radiation. The first
RT-PCR test may be ordered if there are mild to severe findings in children who
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are  negative  for  COVID-19  if  the  radiology  is  compatible  with  COVID-19.  In
cases where testing and other facilities are limited, CXR may be requested within
the initial assessment tools (Fig. 4).

Fig.  (4).   A  15-year-old  girl  with  a  history  of  asthma  and  a  positive  COVID-19  RT-PCR  test.  She  was
admitted with fever and respiratory distress. Ground-glass opacities are observed in both peripheral (asterisk)
and central regions (arrow) on chest radiography. These are vague findings for pediatric COVID-19 infection.
At the same time, right apical pneumothorax is seen.

Can Sequential Cxr be Requested?

Yes,  but  may  be  ordered  in  assessing  treatment  efficacy,  in  case  of  clinical
deterioration,  and  in  determining  the  situations  of  life  support  devices  (  e.g.
tracheal  intubation).

Can CXR be Ordered After Recovery?

No, unless there are symptoms. It can be used in the investigation of long-term
lung damage if there is clinical suspicion and in cases with severe clinical course.

The  main  principles  in  treatment  are  the  management  of  hypoxia,  inhalation
therapies,  nutritional  support,  and  restoration  of  fluid  and  electrolyte  balance.

Even in children diagnosed with COVID-19 by PCR, CT findings were mostly
reported  as  negative  (77%)  (Steinberger,  2020).  Among  the  findings  seen  are
GGO, peripheral distribution, crazy paving pattern, halo, and reversed halo sign.
Lesions are predominantly in the lower lobes.
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As  children  get  older,  the  possibility  of  more  severe  disease  increases.
Nevertheless, there have not been great changes in children who have a CT scan
and  are  checked  again.  Therefore,  it  is  recommended  that  CT  scans  should  be
avoided as much as possible, not to be exposed to unnecessary radiation (Table 3,
Fig. 5).

Fig. (5).  Computed tomography images in 3 different patients in 3 different stages of COVID-19 pneumonia
(early, progressive, and advanced). (A) Findings of early phase COVID-19 pneumonia in a 14-year-old girl
with Hodgkin lymphoma diagnosed with PCR (+). The patient presented with fever and cough. In the axial
section, GGO (arrow) and ill-defined central consolidation are compatible with the “halo” sign. (B) In the
progressive phase, a 15-year-old PCR (+) girl has a travel history to Europe. She presented with an increasing
cough and shortness of breath. In the axial section, there are GGOs (arrow) and central consolidation areas.
Among these areas, GGO (asterisks) started to fill the lung parenchyma. (C) A 16-year-old PCR (+) girl was
brought with severe shortness of breath. In the axial section there are areas of confluent consolidation in the
lower left posterior lobe (arrow). Findings are consistent with advanced stage COVID-19 pneumonia.

Discharge Criteria

The Chinese consensus group recommended discharge with the following criteria:

-Fever that does not ensue for three days,
improvement in respiratory symptoms,❍

Negative SARS-CoV-2 test.❍

Management  recommendations  are  generally  same  with  the  adults.  However,
there  are  unique  features  to  be  individualized  in  each  patient  (Fig.  6).
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Table 3. Findings on X-ray and tomography for pediatric COVID-19 classification.

Classification CXR CT

Typical Bilaterally distributed peripheral and / or
subpleural “ground glass opacities” (GGO)

and / or consolidation

Bilateral, peripheral and / or subpleural
GGO and / or predominant consolidation

pattern in the lower lobe
“Halo” sign (early finding)

Indeterminate Unilateral peripheral or central GGO and / or
consolidation

Bilateral peribronchial thickening and / or
peribronchial opacities

Multifocal or diffuse GGO and / or
consolidation (no specific distribution

pattern)

Unilateral peripheral or central GGO and / or
consolidation

Bilateral peribronchial thickening and / or
peribronchial opacities

Multifocal or diffuse GGO and / or
consolidation (no specific distribution

pattern)
“Crazy paving” sign

Atypical Unilateral segmental or lobar consolidation
Central unilateral / bilateral GGO and / or

consolidation
Single round shape consolidation ± air

bronchogram
Pleural effusion

Lymphadenopathy

Unilateral segmental or lobar consolidation
Central unilateral / bilateral GGO and / or

consolidation
discrete small nodules (centrilobular, tree-i-

-bud)
Lung cavitation
Pleural effusion

Lymphadenopathy

Negative No finding indicative of pneumonia No finding indicative of pneumonia

How Can we Tell Kids About COVID-19?

Charts or tables devised to train healthcare workers, and other adults on the signs
and symptoms of the disease will be perceived as hard to understand and boring
for kids. Instead, we should prepare fun and playful tools mostly based on visual
elements to tell them about anything.

We should always bear in mind that it is very difficult and almost impossible to
teach  kids  anything  without  amusing  and  attracting  interest  and  excitement.
Different age and developmental groups will require different approaches, images,
and tools among children.

A training tool such that as follows will attract kids and in turn, will render them
open to get the essential message in the teaching element (Fig. 7).
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Fig. (6).  Management recommendations for COVID-19 infection in children and adolescents (Adapted from
Mustafa et al, 2020).
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Fig. (7).  How can I realize I am getting sick?.

CONCLUSION

In pregnant women, the main complaints are fever, cough, shortness of breath and
most common finding is lymphopenia, similar to non-pregnant women. The main
finding in radiology is peripherally distributed shadowing on CXR, while bilateral
diffuse ground glass opacities are typical in tomography.
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Children of all age groups may be prone to be infected with COVID-19. There is
also  no  clear  gender  choice.  Although  the  clinical  course  is  considered  to  be
milder in general compared to adults, it  should be known that it  may be severe
especially in young children and those with comorbid diseases. For example, the
fever  response  is  sharper  and  more  common than  adults.  Most  drugs  including
oseltamivir and chloroquine can be used in children.

REFERENCES
Assiri, A, Abedi, GR, Al Masri, M, Bin Saeed, A, Gerber, SI & Watson, JT (2016) Middle East Respiratory
Syndrome Coronavirus Infection During Pregnancy: A Report of 5 Cases From Saudi Arabia. Clin Infect Dis,
63, 951-3.
[http://dx.doi.org/10.1093/cid/ciw412] [PMID: 27358348]

(2020) Severe Outcomes Among Patients  with Coronavirus Disease 2019 (COVID-19) — United States,
February 12–March 16, 2020. (CDC COVID-19 Response Team). Morbidity and Mortality Weekly Report,
2020, 69.

Y, Dong, X, Mo & Y, Hu (2020) Pediatrics 2020;16:16. Epidemiological Characteristics of 2143 Pediatric
Patients With 2019 Coronavirus Disease in China.  Pediatrics, 16, 16.

Dashraath,  P  (2020)  Coronavirus  Disease  2019  (COVID-19)  Pandemic  and  Pregnancy.   Am  J  Obstet
Gynecol, S0002-9378, 30343-4.
[http://dx.doi.org/10.1016/j.ajog.2020.03.021]

Dong,  Y,  Mo,  X  & Hu,  Y  (2020)  Epidemiological  Characteristics  of  2143  Pediatric  Patients  With  2019
Coronavirus Disease in China. Pediatrics, 16, 16.
[http://dx.doi.org/10.1542/peds.2020-0702]

Epidemiology  Working  Group  for  NCIP  Epidemic  Response,  Chinese  Center  for  Disease  Control  and
Prevention.
[http://dx.doi.org/10.3760/cma.j.issn.0254-6450.2020.02.003] [PMID: 32064853]

Gao, J,  Tian, Z & Yang, X (2020) Breakthrough: Chloroquine phosphate has shown apparent efficacy in
treatment of COVID-19 associated pneumonia in clinical studies. Biosci Trends, 14, 72-3.
[http://dx.doi.org/10.5582/bst.2020.01047] [PMID: 32074550]

Gokcay, G & Keskindermirci, G (2020) Breastmilk and Covid-19 J Ist Faculty Med.
[http://dx.doi.org/10.26650/IUITFD.2020.0025]

Guan, WJ, Ni, ZY, Hu, Y, Liang, WH, Ou, CQ, He, JX, Liu, L, Shan, H, Lei, CL, Hui, DSC, Du, B, Li, LJ,
Zeng, G, Yuen, KY, Chen, RC, Tang, CL, Wang, T, Chen, PY, Xiang, J, Li, SY, Wang, JL, Liang, ZJ, Peng,
YX, Wei, L, Liu, Y, Hu, YH, Peng, P, Wang, JM, Liu, JY, Chen, Z, Li, G, Zheng, ZJ, Qiu, SQ, Luo, J, Ye,
CJ, Zhu, SY & Zhong, NS (2020) Clinical Characteristics of Coronavirus Disease 2019 in China. N Engl J
Med, 382, 1708-20.
[http://dx.doi.org/10.1056/NEJMoa2002032] [PMID: 32109013]

Henry,  BM,  Lippi,  G  & Plebani,  M (2020)  Laboratory  abnormalities  in  children  with  novel  coronavirus
disease 2019. Clin Chem Lab Med, 58, 1135-8.
[http://dx.doi.org/10.1515/cclm-2020-0272] [PMID: 32172227]

Kong, W & Agarwal, PP (2020) Chest Imaging Appearance of COVID-19 Infection. Radiol Cardiothorac
Imaging, 2e200028
[http://dx.doi.org/10.1148/ryct.2020200028]

Lawrence,  RA  &  Lawrence,  RM  (2016)  Breastfeeding:  A  Guide  for  the  Medical  Profession.Elsevier
Philadelphia.

Livingston,  E  &  Bucher,  K  (2020)  Coronavirus  Disease  2019  (COVID-19)  in  Italy.  JAMA,  323,  1335.
[published Online First: 2020/03/18].

http://dx.doi.org/10.1093/cid/ciw412
http://www.ncbi.nlm.nih.gov/pubmed/27358348
http://dx.doi.org/10.1016/j.ajog.2020.03.021
http://dx.doi.org/10.1542/peds.2020-0702
http://dx.doi.org/10.3760/cma.j.issn.0254-6450.2020.02.003
http://www.ncbi.nlm.nih.gov/pubmed/32064853
http://dx.doi.org/10.5582/bst.2020.01047
http://www.ncbi.nlm.nih.gov/pubmed/32074550
http://dx.doi.org/10.26650/IUITFD.2020.0025
http://dx.doi.org/10.1056/NEJMoa2002032
http://www.ncbi.nlm.nih.gov/pubmed/32109013
http://dx.doi.org/10.1515/cclm-2020-0272
http://www.ncbi.nlm.nih.gov/pubmed/32172227
http://dx.doi.org/10.1148/ryct.2020200028


Pregnancy, COVID-19, and Children Demystifying COVID-19   227

[http://dx.doi.org/10.1001/jama.2020.4344] [PMID: 32181795]

Lu, X, Zhang, L, Du, H, Zhang, J, Li, YY, Qu, J, Zhang, W, Wang, Y, Bao, S, Li, Y, Wu, C, Liu, H, Liu, D,
Shao, J, Peng, X, Yang, Y, Liu, Z, Xiang, Y, Zhang, F, Silva, RM, Pinkerton, KE, Shen, K, Xiao, H, Xu, S &
Wong, GWK (2020) SARS-CoV-2 Infection in Children. N Engl J Med, 382, 1663-5.
[http://dx.doi.org/10.1056/NEJMc2005073] [PMID: 32187458]

Ludvigsson, JF (2020) Systematic review of COVID-19 in children shows milder cases and a better prognosis
than adults. Acta Paediatr, 109, 1088-95.
[http://dx.doi.org/10.1111/apa.15270] [PMID: 32202343]

Mustafa,  NM  &  A  Selim,  L  (2020)  Characterisation  of  COVID-19  pandemic  in  paediatric  age  group:  a
systematic review and meta-analysis. J Clin Virol, 128104395
[http://dx.doi.org/10.1016/j.jcv.2020.104395] [PMID: 32417675]

Naja, M, Wedderburn, L & Ciurtin, C (2020) COVID-19 infection in children and adolescents. Br J Hosp
Med (Lond), 81, 1-10.
[http://dx.doi.org/10.12968/hmed.2020.0321] [PMID: 32845750]

Oncel,  MY,  Akın,  IM  &  Kanburoglu,  MK  (2020)  A  multicenter  study  on  epidemiological  and  clinical
characteristics of 125 newborns born to women infected with COVID-19 by Turkish Neonatal Society. Eur J
Pediatr, 1-10. [published online ahead of print, 2020 Aug 10]. [published correction appears in Eur J Pediatr.
2020 Aug 22;].
[http://dx.doi.org/10.1007/s00431-020-03767-5] [PMID: 32776309]

Posfay-Barbe, KM, Wagner, N, Gauthey, M, Moussaoui, D, Loevy, N, Diana, A & L’Huillier, AG (2020)
COVID-19 in Children and the Dynamics of Infection in Families. Pediatrics, 146e20201576
[http://dx.doi.org/10.1542/peds.2020-1576] [PMID: 32457213]

Rasmussen, SA, Smulian, JC, Lednicky, JA, Wen, TS & Jamieson, DJ (2020) Coronavirus Disease 2019
(COVID-19) and pregnancy: what obstetricians need to know. Am J Obstet Gynecol, 222, 415-26.
[http://dx.doi.org/10.1016/j.ajog.2020.02.017] [PMID: 32105680]

Roberge,  RJ,  Kim,  JH & Powell,  JB (2014)  N95 respirator  use  during  advanced  pregnancy.  Am J  Infect
Control, 42, 1097-100.
[http://dx.doi.org/10.1016/j.ajic.2014.06.025] [PMID: 25278401]

Schwartz,  DA (2020)  An Analysis  of  38 Pregnant  Women with  COVID-19,  Their  Newborn Infants,  and
Maternal-Fetal Transmission of SARS-CoV-2: Maternal Coronavirus Infections and Pregnancy Outcomes.
Arch Pathol Lab Med Epub ahead of print
[http://dx.doi.org/10.5858/arpa.2020-0901-SA] [PMID: 32180426]

Shen,  K,  Yang,  Y  &  Wang,  T  (2020)  National  Center  for  Children’s  Health,  Beijing,  China;  Group  of
Respirology, Chinese Pediatric Society, Chinese Medical Association; Chinese Medical Doctor Association
Committee  on  Respirology  Pediatrics;  China  Medicine  Education  Association  Committee  on  Pediatrics;
Chinese  Research  Hospital  Association  Committee  on  Pediatrics;  Chinese  Non-government  Medical
Institutions  Association  Committee  on  Pediatrics;  China  Association  of  Traditional  Chinese  Medicine,
Committee  on  Children’s  Health  and  Medicine  Research;  China  News of  Drug  Information  Association,
Committee on Children’s Safety Medication; Global Pediatric Pulmonology Alliance. Diagnosis, treatment,
and  prevention  of  2019  novel  coronavirus  infection  in  children:  experts’  consensus  statement.  World  J
Pediatr, 16, 223-31.
[http://dx.doi.org/10.1007/s12519-020-00343-7] [PMID: 32034659]

Shi,  H, Han,  X & Jiang,  N (2020) Radiological  findings from 81 patients with COVID-19 pneumonia in
Wuhan, China: a descriptive study. Lancet Infect Dis.
[http://dx.doi.org/10.1016/S1473-3099(20)30086-4]

Sprang,  G  &  Silman,  M  (2013)  Posttraumatic  stress  disorder  in  parents  and  youth  after  health-related
disasters. Disaster Med Public Health Prep, 7, 105-10.
[http://dx.doi.org/10.1017/dmp.2013.22] [PMID: 24618142]

Steinberger, S, Lin, B, Bernheim, A, Chung, M, Gao, Y, Xie, Z, Zhao, T, Xia, J, Mei, X & Little, BP (2020)

http://dx.doi.org/10.1001/jama.2020.4344
http://www.ncbi.nlm.nih.gov/pubmed/32181795
http://dx.doi.org/10.1056/NEJMc2005073
http://www.ncbi.nlm.nih.gov/pubmed/32187458
http://dx.doi.org/10.1111/apa.15270
http://www.ncbi.nlm.nih.gov/pubmed/32202343
http://dx.doi.org/10.1016/j.jcv.2020.104395
http://www.ncbi.nlm.nih.gov/pubmed/32417675
http://dx.doi.org/10.12968/hmed.2020.0321
http://www.ncbi.nlm.nih.gov/pubmed/32845750
http://dx.doi.org/10.1007/s00431-020-03767-5
http://www.ncbi.nlm.nih.gov/pubmed/32776309
http://dx.doi.org/10.1542/peds.2020-1576
http://www.ncbi.nlm.nih.gov/pubmed/32457213
http://dx.doi.org/10.1016/j.ajog.2020.02.017
http://www.ncbi.nlm.nih.gov/pubmed/32105680
http://dx.doi.org/10.1016/j.ajic.2014.06.025
http://www.ncbi.nlm.nih.gov/pubmed/25278401
http://dx.doi.org/10.5858/arpa.2020-0901-SA
http://www.ncbi.nlm.nih.gov/pubmed/32180426
http://dx.doi.org/10.1007/s12519-020-00343-7
http://www.ncbi.nlm.nih.gov/pubmed/32034659
http://dx.doi.org/10.1016/S1473-3099(20)30086-4
http://dx.doi.org/10.1017/dmp.2013.22
http://www.ncbi.nlm.nih.gov/pubmed/24618142


228   Demystifying COVID-19 Ozgur KARCIOGLU

CT Features of Coronavirus Disease (COVID-19) in 30 Pediatric Patients. AJR Am J Roentgenol, 215, 1303-
11.
[http://dx.doi.org/10.2214/AJR.20.23145] [PMID: 32442030]

Tong, PS, Kale, AS, Ng, K, Loke, AP, Choolani, MA, Lim, CL, Chan, YH, Chong, YS, Tambyah, PA &
Yong,  EL  (2015)  Respiratory  consequences  of  N95-type  Mask  usage  in  pregnant  healthcare  workers-a
controlled clinical study. Antimicrob Resist Infect Control, 4, 48-57.
[http://dx.doi.org/10.1186/s13756-015-0086-z] [PMID: 26579222]

Wang,  G,  Zhang,  Y  &  Zhao,  J  (2020)  Mitigate  the  effects  of  home  confinement  on  children  during  the
COVID-19 outbreak
[http://dx.doi.org/10.1016/S0140-6736(20)30547-X]

 WHO.  Report  of  the  WHO-China  Joint  Mission  on  Coronavirus  Disease  2019  (COVID-19)  
https://www.who.int/docs/default-source/coronaviruse/who-china-joint-mission-on-covid-19-final-report.pdf

Wong, SF, Chow, KM, Leung, TN, Ng, WF, Ng, TK, Shek, CC, Ng, PC, Lam, PW, Ho, LC, To, WW, Lai,
ST, Yan, WW & Tan, PY (2004) Pregnancy and perinatal outcomes of women with severe acute respiratory
syndrome. Am J Obstet Gynecol, 191, 292-7.
[http://dx.doi.org/10.1016/j.ajog.2003.11.019] [PMID: 15295381]

Zhu, H, Wang, L, Fang, C, Peng, S, Zhang, L, Chang, G, Xia, S & Zhou, W (2020) Clinical analysis of 10
neonates born to mothers with 2019-nCoV pneumonia. Transl Pediatr, 9, 51-60.
[http://dx.doi.org/10.21037/tp.2020.02.06] [PMID: 32154135]

http://dx.doi.org/10.2214/AJR.20.23145
http://www.ncbi.nlm.nih.gov/pubmed/32442030
http://dx.doi.org/10.1186/s13756-015-0086-z
http://www.ncbi.nlm.nih.gov/pubmed/26579222
http://dx.doi.org/10.1016/S0140-6736(20)30547-X
https://www.who.int/docs/default-source/coronaviruse/who-china-joint-mission-on-covid-19-final-report.pdf
http://dx.doi.org/10.1016/j.ajog.2003.11.019
http://www.ncbi.nlm.nih.gov/pubmed/15295381
http://dx.doi.org/10.21037/tp.2020.02.06
http://www.ncbi.nlm.nih.gov/pubmed/32154135


Demystifying COVID-19, 2021, 229-235 229

CHAPTER 13

COVID-19  and  The  Elderly:  Is  It  Different  From
The Young?

Abstract:  There  are  some  differences  in  the  way  the  symptoms  are  perceived  and
expressed by the elderly. Senses and perception can be blunted due to difficulties and
impairments in the structure and function of the nerves. For example, the perception of
pain,  which  is  sharper  and  more  severe  in  young  people,  can  be  felt  milder,  more
uncertain, or ill-defined in the elderly.

In the elderly, too, the main complaints can be listed as fever, dry cough, and shortness
of breath. There may be mild to severe sore throat, loss of sense of smell, weakness,
muscle and joint pain, headache, diarrhea, rarely runny nose, and cough with phlegm.
They are more prone to have a more severe disease course. Researchers reported that
the fatality rate in all cases in China was 1.4%, while it was 22% in cases over 80 years
old. This chapter aims to delineate specific difficulties the elderly face when they were
infected with COVID-19 and to discuss possible solutions for this vulnerable group in
the pandemic period.

Keywords: COVID-19, Diagnosis, Elderly, Geriatric care, Pandemic, Treatment.

Case example

The daughter of the 84-year-old nursing home patient from Izmir calls 911 (112
in Turkey). The patient has pre-diabetes, chronic lung disease, and a history of
deep vein thrombosis. He complained of cough, runny nose, and mild fever in
the past week. His fever has not been recorded today. His cough has gradually
increased recently. The patient did not travel, but relatives from Europe visited
him three weeks ago.  They did not  tell  about  any complaints.  Her fingerstick
blood sugar has been found slightly elevated, and her daughter says she looks
worse than usual.

Advancing  age  is  not  just  something  in  the  calendar;  instead,  it  is  impaired
cellular repair mechanisms, progressive senescence of every part of the body, and
finally, suffering from depletion of physiological reserves of the bodily systems
for homeostasis.

Ozgur KARCIOGLU, Selman YENIOCAK and Mandana HOSSEINZADEH
All rights reserved-© 2021 Bentham Science Publishers
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WHAT KIND OF SYMPTOMS SHOULD RAISE SUSPICION OF COVID-
19 IN THE ELDERLY?

In fact, the complaints and symptoms of young and middle-aged people are not
very  different.  Nevertheless,  there  will  be  some  differences  in  the  way  the
symptoms are perceived, and expressed. Senses and perception can be blunted due
to  difficulties  and  impairments  in  the  structure  and  function  of  the  nerves.  For
example,  the  perception  of  pain,  which  is  sharper  and  more  severe  in  young
people,  can  be  felt  milder,  more  uncertain,  or  ill-defined  in  the  elderly.

To give an extreme example, elderly people can even have a heart attack without
chest  pain.  Fever  does  not  increase  sharply  in  the  elderly  as  in  young  people.
Similarly, we can think that all symptoms related to COVID-19 can be felt lighter,
so the risk of being unrecognized will be substantial.

Pearl: In the elderly, too, the main complaints can be listed as fever, dry cough,
and shortness of breath. There may be mild to severe sore throat, loss of sense of
smell, weakness, muscle and joint pain, diarrhea, rarely runny nose, and cough
with phlegm.

The important point here is that each patient will experience the disease with a
different  combination  of  symptoms  and  symptoms.  For  example,  one  patient
will  be referred as shortness of breath and sore throat,  fever and cough in the
other patient, diarrhea, and muscle pain in the other.

IS  THERE  ANY  DIFFERENCE  BETWEEN  OTHER  EPIDEMICS  AND
COVID-19 IN THIS REGARD?

Yes.  SARS in 2002,  H1N1 (swine flu)  in  2009,  and MERS in 2012 also had a
severe impact on the society, but there was no different involvement according to
age within the short time periods they reigned. Their case fatality rate was higher
than COVID-19, at 35% and 10%, yet the effect size was significantly smaller.

IS COVID-19 DIFFERENT IN THE ELDERLY?

Yes.  Not  only  COVID-19,  but  almost  all  diseases,  from  heart  attack  to  brain
infarction, have a different presentation and clinical course in older individuals.
For example, while the time from the onset of symptoms to death is 11.5 days in
the elderly with COVID-19, it is 14 days in young people (Wang et al, 2020).
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Difficulties in history taking, signs and symptoms are often subtler, recovery takes
longer time, and differences in the effects of drugs are the main points that draw
attention. Beyond these, comorbidities directly affect the mortality rate.

The elderly is more susceptible to infections, including COVID-19, due to weak
immunity. They are also slower in recovery. The complications of the disease and
adverse  effects  of  the  drugs  and  other  treatment  complications  can  be  more
frequent  and  severe.

If there is smoking, vitamin deficiency, diabetes mellitus, protracted course and
difficulty in recovery will be more pronounced.

In  the  report  published  by  the  WHO in  the  first  months  of  the  pandemics,  the
fatality rate in all  cases in China was 1.4%, while it  was 22% in cases over 80
years old.

23%  of  the  population  in  Italy  is  65  years  old  and  above.  Close  to  90%  of
COVID-19  deaths  have  been  recorded  in  individuals  aged  70  and  over  (WSJ).
Those over the age of 80 constituted 58% of deaths. It is also known that these
rates vary according to geography and countries. For example, the percentage of
inflicted elderly people in Europe is much higher than those in the Middle East or
Africa,  directly  reflecting  the  characteristics  in  the  age  distribution  of  the
population  besides  the  age  predilections  of  the  virus.

On March 16, 2020, CDC stated that the test (PCR) should be done first for the
elderly,  and those  with  chronic  comorbid  diseases,  and immunosuppression.  In
practice,  it  has  been  reported  that  elderly  patients  with  fever  and  respiratory
symptoms  who  have  negative  influenza  tests  should  undergo  COVID  test
immediately. It was also noted that testing the elderly with mild symptoms and
complaints by taking them in other environments,  not immediately to ED, may
prevent excessive crowdedness in EDs (Malone et al, 2020) (Fig. 1).

IS  THERE  A  DIFFERENCE  IN  COMPLAINTS  AND  FINDINGS  IN
ELDERLY  PEOPLE  WITH  COVID-19  COMPARED  TO  YOUNG
PEOPLE?

Yes. For example:

Fever  is  one of  the main complaints.  Due to the compromised immune system
and other  problems of  the elderly,  they cannot  generate the fever response like
young people. It has been reported that the fever response is suppressed in elderly
patients diagnosed with COVID-19 (High, 2020). In a study, fever was found in
only 1/3 of the elderly at the first admission (Lam, 2016). The temperature limit is
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considered  as  37.8C  in  a  single  measurement  or  37.3C  in  consecutive
measurements.

Cough:  The  elderly  may  experience  chronic  cough  problems  due  to  different
reasons such as long-term smoking and chronic lung diseases. Therefore, it may
be difficult for them to notice cough triggered by COVID-19.

Shortness of breath: For reasons similar to cough, many chronic problems may
cause shortness of breath in the elderly. There is difficulty in distinguishing this
from newly developed shortness  of  breath  due to  COVID-19.  Furthermore,  the
development of shortness of breath in the elderly may cause rapid deterioration
due to the decrease in other organ reserves.

Fig. (1).  Evaluation of the elderly patient may necessitate a suitable environment in or outside the emergency
department to elicit a thorough history and elaborate examination.

Tachycardia:  An  expected  finding  in  severe  COVID-19  cases.  Under  normal
conditions,  a  pulse  rate  above  100  is  tachycardia  and  often  indicates  that
something is wrong in the body. This finding can be hidden, as the elderly use
many medications due to heart disease and high blood pressure. Beta-blockers and
calcium channel blockers typically diminish the tachycardia response. This issue
should be asked while evaluating the heart rate of any given patient.

Consciousness and cognitive functions: It is the most difficult issue to evaluate
in  the  elderly.  Even  with  language  barriers  and  speech  difficulties  aside,  the
elderly may have numerous impairments inflicting mental status and cognition in
disease  processes,  such  that  circulatory  deficiencies  and  respiratory  distress
causing  hypotension  and  hypoxia.
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Anosmia: It has been accepted to be one of the most specific findings. In other
words, in the event that sudden loss of smell is accompanied by one or more of
the  other  complaints  and  findings,  it  should  prompt  one  think  of  COVID-19
unless proven otherwise. Due to the deterioration of nerve functions in the elderly,
this will not be as sharp as in young people.

Muscle and joint aches: It may be difficult to differentiate de novo ones in the
elderly from those reasons such as chronic rheumatic diseases.

Loss  of  appetite,  nausea:  The  elderly  is  mostly  already  lacking  appetite.  The
effects  of  various  medications  used,  liver  failure  or  pancreatitis  and  coronary
ischemia  or  CVA  may  also  cause  nausea.  The  physician  should  perform  a
complete  examination  to  rule  out  differential  diagnoses.

Diarrhea: Due to the slow functioning of the immune system, the impairment of
antibody production and gastric acid release, resistance to microbial agents from
the digestive system decreases, as a result, gastroenteritis and diarrhea are more
common.  This  can  cause  the  diarrhea  in  COVID-19  to  be  mixed  with  diarrhea
precipitated by other causes.

Fatigue:  There  are  many  elderly  people  who  have  long  been  suffering  from
weakness  due  to  malnutrition  and  other  chronic  conditions.

With all these difficulties, there may be delays in the recognition and treatment of
COVID-19  as  in  almost  any  disease  in  the  elderly,  and  even  this  can  lead  to
sudden deterioration and death.

THERE  ARE  SPECIAL  DIFFICULTIES  FOR  THE  ELDERLY  IN  THE
TREATMENT AND FOLLOW-UP PROCESS.

The isolation period will pose special difficulties for the elderly than the young,1.
because  they  have  some  essential  requirements  in  the  medium to  long  term.
They are dependent on others for many issues ranging from walking aid to food
and needs for self-care and may have difficulties with their travel restrictions.
Due  to  cognitive  problems,  there  may  be  difficulties  in  administering  the2.
treatment as necessary, for example taking medications on time.
During  the  follow-up process  at  home,  it  will  be  more  difficult  to  recognize3.
new problems and take action, e.g., it will be difficult for them to notice that
their fever rises again, a sore throat, etc. appears.
The  already  fragile  psychology  of  the  elderly  can  be  destroyed  by  reduced4.
social  support  and  depression  may  occur  more  frequently  or  become  more
severe. This may lead to failure of treatment and malnutrition. It has also been
revealed that in such cases the rate of suicide also increases.
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Medications given to young people in treatments may not be suitable for elderly
people due to organ failure. For example, if there is kidney failure, it may not be
appropriate  to  administer  a  drug  that  is  excreted  from  the  kidney  through  the
urine, or a dose reduction may be required. Likewise, drug interactions may have
grave consequences in the elderly. The treatment regimen should not be regulated
without taking previous medications into account. Differences in the metabolism
of the elderly should also be taken into account.

Since the elderly cannot express their feelings and complaints sufficiently, such as
thirst,  they  easily  become  dehydrated,  which  can  lead  to  impaired  cognitive
functions,  altered  level  of  consciousness,  coma,  and  even  delirium.

WHAT CAN BE DONE?

Due to  the  difficulties  in  the  diagnostic  processes  of  COVID-19,  the  issue  of●

atypical  presentations  should  be  emphasized  in  the  training  of  triage  and
emergency healthcare workers. Experience will be needed in interpreting fever,
pulse rate, and shortness of breath.
The elderly who receive home treatment, in isolation or in quarantine should be●

called  regularly  from  the  administrative  (or  observatory)  center,  and
technological tools such as visual protection and follow up should be put into
use when appropriate.
Interactions  of  drug  doses  in  the  elderly,  problems  in  elimination,  and●

differences in metabolism should be considered in treatment decisions.
Knowing that their psychology is fragile, one should be alert to issues such as●

depression  and  suicidal  thoughts,  and  if  necessary,  support  from  a  clinical
psychologist  or  psychiatrist  should  be  obtained.

CONCLUSION

It is known that the elderly is more susceptible to infections, including COVID-
19, due to weak immunity. They are also slower in recovery. The complications
of the disease and adverse effects of the drugs and other treatment complications
can  be  more  frequent  and  severe.  Difficulties  in  history  taking,  signs  and
symptoms  are  often  subtler,  recovery  takes  longer  time,  and  differences  in  the
effects  of  drugs  are  the  main  points  that  draw  attention.  Beyond  these,
comorbidities  directly  affect  the  mortality  rate.  Physicians  should  be  alert  for
rapid  deterioration  and  need  for  aggressive  management  in  the  elderly  with
COVID-19.
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CHAPTER 14

Principles of Treatment

Abstract: It is well established that there is no ‘standard’ protocol for the treatment of
COVID-19. The use of certain antiviral agents and antibiotics such as azithromycin has
been  concluded  to  be  beneficial,  and  therefore,  their  use  has  been  recommended.
Namely,  remdesivir  and favipiravir  may be the best  potential  antiviral  drugs for  the
treatment  of  COVID-19.  However,  treatments  should  be  tailored  for  every  given
patient  in  regard  to  the  signs  and  symptoms,  the  severity  of  the  disease,  age  and
comorbid diseases, organ failures, phase of the disease, pregnancy status, and possible
drug interactions.

The use of NSAIDs as an antipyretic, analgesic, and anti-inflammatory agents appears
to be indicated in viral infections such as COVID-19, also during pandemic periods.
There is no evidence to support NSAIDs not to be used in COVID-19 infections due to
their  side  effects.  NSAIDs  are  used  after  paracetamol,  if  necessary,  to  manage  the
symptoms of COVID-19.

Although it has been postulated that deficiencies of certain vitamins and minerals (e.g.,
vitamins  C  and  D),  multi-center,  community-based,  well-designed  studies  are
necessary  to  clarify  their  relationship  with  COVID-19,  especially  before
recommending  them  for  treatment.

In brief, treatments should be individualized, and evidence-based principles must be
followed.

Keywords:  Antibiotics,  Antivirals,  COVID-19,  NSAID,  Pandemic,  Treatment,
Vitamin C, Vitamin D.

ANTIVIRALS

The sooner antiviral agents are started in the treatment of COVID-19, the more
effective the treatment of the disease can be anticipated. Delayed antiviral therapy
has  previously  been  declared  as  an  independent  risk  factor  for  long-term  viral
spread and detection of viruses and is also associated with grave outcomes (Wang
et al, , 2018).

There is no established ‘standard’ protocol for the treatment of COVID-19. The
use of certain antiviral agents has been concluded to be beneficial , and  therefore,
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their use has been recommended (Fig. 1). However, it is not recommended to use
three or more antiviral drugs simultaneously (Diagnosis and Treatment Protocol
for Novel Coronavirus Pneumonia. Trial Version 7).

Fig. (1).  The mechanism of action of favipiravir (T-705) against the virus. Favipiravir is incorporated into
cells and transformed by host cells into favipiravir ibofuranosyl - 5 ′ - triphosphate (favipiravir - RTP). The
triphosphate form, favipiravir-RTP, inhibits the activity of RNA-dependent RNA polymerase (RdRp) of RNA
viruses. AO: Aldehyde oxidase; RMP: Ribosyl monophosphate

Antiviral agents that can be used in the management of COVID-19 were listed in
Table 1.

Table 1. Antiviral Agents That Can Be Used in The Management of Covid-19.

I. Nucleotide Analogues

    Favipiravir

    Ribavirin

    Remdesivir

    Nafamostat

    Nitazoxanide

    Valipiravir

II. Neuraminidase inhibitors

    Oseltamivir

    Zanamivir
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I. Nucleotide Analogues

    Peramivir

III. Lopinavir/ Ritonavir (Kaletra ® )

IV. Umifenovir (Arbidol ®)

Nucleotide Analogues (NA)

NA have different mechanisms of action, including lethal mutagenesis, specific or
non-specific chain termination, and inhibition of nucleotide biosynthesis (Arabi et
al,  ,  2018).  Although  some  treatment  options  awaiting  validation  have  been
reported  in  the  treatment  of  COVID-19,  including  various  broad-spectrum
antivirals  such  as  valipiravir  and  remdesivir,  there  are  currently  no  specific
antiviral  drugs  that  have  been  identified  (Beigel  et  al,  2019;  Li  et  al,  2020).

1. Favipiravir

Favipiravir  (FPV)  is  an  antiviral  agent  derived  from  pyrazine  carboxamide  6-
Fluoro-3-hydroxy-pyrazine-2-carboxamide.  It  acts  by  transforming  favipiravir
into ibofuranosyl-5′-triphosphate (T - 705 - RTP), which is its active metabolite
by being ribosylated and phosphorylated in the cell (Furuta et al, 2017). T - 705 -
RTP  competes  with  purine  nucleosides  and  interferes  with  viral  replication  by
being  incorporated  into  the  viral  RNA.  Thus  potentially  inhibiting  RNA-
dependent RNA polymerase (RdRp) of RNA viruses (Fig. 1, Furuta et al, , 2005).

It is administered in COVID-19 with the thought that it shortens the time for relief
of  symptoms.  It  stops  viral  replication  by  inhibiting  RNA polymerase  on  CoV
(Mifsud  et  al,  2019;  Wang  et  al,  2020).  In  a  study  conducted  in  China  on  its
effectiveness in COVID-19 treatment, it was concluded that FPV is useful. FPV is
administered 1600 mg twice a day on the first day and 600 mg in 2nd-14th day.
LPV / RTV was orally at 400/100 mg twice a day. Additionally, all participants
received standard care. In this study, patients treated with FPV were reported to
have faster viral clearance and better radiological recovery than patients treated
with LPV / RTV. Diarrhea (5.71%) and liver-kidney damage (2.86%) were seen
as side effects (Cai et al, 2020).

FPV is 54% bound to plasma proteins. The elimination half-life is about 2 to 5.5
hours, and the bioavailability rate is 97.6%. The mean Cmax is 51.5 µg / mL, the
main volume of distribution is 15-20 L, and its metabolites are excreted by the
kidneys. Use of FPV in patients with moderate renal impairment (GFR 30-60 ml /
min) causes a 1.5-fold increase in Cmin compared to patients  with  normal  renal

(Table 1) cont.....



Principles of Treatment Demystifying COVID-19   239

function; however, there is no data regarding its use in patients with GFR <30 mL
/ min (Joshi et al, 2020).

Posology

a) Treatment Dose:

1800 mg twice daily on day 1, followed by 600-800 mg twice daily for up to 14
days in mild to moderate COVID-19.

b) Prophylaxis:  1600 mg orally  twice  a  day on day 1,  then 2-25.  600-800 mg
twice a day (NCT04448119) every day.

In order to determine the potential use and reliability of FPV and other antivirals
in COVID-19, literature data evaluating the use of FPV in various databases were
searched (Pilkington et al, 2020). Within the scope of this study, the data of 29
studies and 4299 patients and the side effects were examined The incidence of the
compared side effects is shown in Table 2 below.

Table 2. Incidences of side effects (SE) attributed to oseltamivir, umifenovir, lopinavir / ritonavir and
FPV.

- FPV SE Oseltamivir, Umifenovir,
Lopinavir/Ritonavir SE

Grade 1-4 SE 28,2% 28,4%

SE that necessitates discontinuation of the drug 1,1% 1,2%

Serious SE 0,4% 0,4%

Gastrointestinal SE 8,7% 11,5%

Hyperuricemia 5,8% 1,3%

According  to  this  study,  it  was  concluded  that  FPV  shows  a  favorable  safety
profile for total  and serious side effects,  and is  safe and tolerable in short-term
use.

In a study where 1798 articles were compiled to analyze the efficacy and safety of
FPV in the treatment of COVID-19, the group who received FPV + standard care
treatment,  the  control  group  who  received  other  antivirals  +  standard  care  +
supportive  care  (respiratory  support,  antibiotics,  immunomodulators,  and  some
herbal  medicines)  compared  (Shrestha  et  al,  ,  2020).  In  this  study,  clinical
recovery following treatment with FVP in COVID-19 patients, the time when RT-
PCR  turned  negative  after  treatment,  side  effects  during  treatment,  O2  and
mechanical ventilation requirements were searched for. Controlled clinical trials,
prospective and retrospective studies using FPV in the management of COVID-19
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patients were included in qualitative analysis, studies with treatment and control
groups  were  included  in  quantitative  analysis.  As  a  result  of  this  study,  the
following  data  were  obtained:

There was no significant difference in risk ratios between both groups (day 7:1.
RR 1.13, 95% CI 0.55 to 2.33; day 14: RR 1.06, 95% CI 0.84 to 1.33)
It  was  concluded  that  there  was  no  significant  risk  difference  (RD)  for  viral2.
clearance between both groups (day 7: RD 0.06, 95% CI - 0.34 to 0.45; day 14:
RD 0.03, 95% CI - 0.17 to 0.24)
Treatment  group  overall  risk  ratios  (RR)  compared  with  the  control  group3.
showed a significant improvement in clinical improvement and improvement of
CT findings on days 7 and 14 of treatment (Day 7: RR 1.25, 95% CI, 1.01 to
1.53 Day 14: RR 1.29, 95% CI, 1.08 to 1.54).
Lack of improvement in clinical symptoms and signs and lack of improvement4.
in  CT findings  were  reported  to  be  lower  in  the  treatment  group  than  in  the
control group albeit not statistically significant (OR 0.59, 95% CI, 0.30 to 1.14;
participants: 376; studies: 3; I2: %) 39).
The  need  for  O2  support  in  the  treatment  group  was  reduced,  but  it  was  not5.
statistically significant (OR 0.76).
It was concluded that there was a statistically insignificant decrease in tolerable6.
side  effects  such  as  increased  transaminases,  nausea,  vomiting,  and  diarrhea
observed  in  the  treatment  group  (OR  0.69).  There  were  no  serious  life-
threatening  adverse  effects  following  FPV  therapy.

In this study, it was concluded that although there was no significant difference in
viral clearance, O2 supplementation requirement and side effect profile, patients
achieved  remarkable  clinical  and  radiological  improvements  following  FPV
treatment  compared  to  the  control  group.

Side  Effects:  The  most  common  side  effects  are  hyperuricemia  (15.5%)  and
AST-ALT  increase  (7.4%),  while  neutropenia,  triglyceride  increase,  mild-
moderate diarrhea, decrease in body weight, vomiting and decrease in locomotor
activity, psychiatric symptoms are other known side effects (Joshi et al, 2020).

Contraindications:  It  is  contraindicated  in  pregnancy  and  lactating  women,
hypersensitivity, severe hepatic, and renal failure. It is also avoided in pregnant
and suspected pregnant women due to its teratogenic potential observed in animal
studies.  It  is  recommended  to  use  effective  contraceptive  methods  during
treatment and up to 7 days after treatment. It should be administered with caution
in  hyperuricemia  patients  with  gout  or  a  history  of  gout.  (Nagata  et  al,  2015;
Delang et al, 2018).
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In  conclusion,  FPV appears  to  be  a  reasonable  option  among the  best  antiviral
drugs that can be used in the treatment of COVID-19.

2. Ribavirin

Ribavirin (RBV) is the most commonly used synthetic agent with broad spectrum
antiviral activity against many DNA and RNA viruses. It inhibits RNA replication
by  blocking  the  viral  replicase  protein  (Chu  et  al,  2004).  RBV  was  used  in
combination with cortisone in the Hong Kong SARS 2003 epidemic, oseltamivir
+ cortisone in some centers, and in another study conducted in Canada in the same
epidemic, it was used in combination with antibiotics + oseltamivir (Poutanen et
al, 2003). It was used in empirical therapy shortly after the onset of the COVID-
19  outbreak,  with  the  greatest  benefit  being  reported  in  early  treatment  of
pneumonia before development of sepsis or organ failure (Peiris et al, 2003; Lee
et al, 2003; Habib et al, 2019).

RBV  causes  hypocalcemia  and  hypomagnesemia  and  decreases  hemoglobin
concentrations.  This  feature  impairs  its  antiviral  efficacy  against  COVID-19
(Beigel  et  al,  2019).

Ribavirin is recommended to be used in combination with ifn-alpha or lpv / rtv.
studies have shown that the risk of developing ards and death is lower in patients
treated with combined drugs.

It is used by 500 mg IV injection in adults, for a maximum of 10 days (Diagnosis
and Treatment Protocol for Novel Coronavirus Pneumonia. Trial Version 7).

3. Remdesivir (GS-5734)

Remdesivir  (RDV)  is  a  phosphoramidate  prodrug,  an  adenosine  nucleotide
analogue  with  broad-spectrum  antiviral  activity  against  filoviruses,
paramyxoviruses,  pneumoviruses,  pathogenic  CoVs  such  as  SARS-CoV  and
MERS-CoV  (Sheahan  et  al,  2017).

It  acts  by  inhibiting  SARS-CoV  and  MERS-CoV  replication  in  animal  model
tissue  cultures.  It  has  shown  antiviral  activity  in  the  treatment  of  MERS  and
SARS in  animal  models  caused  by  CoVs (Sheahan  et  al,  2017;  Agostini  et  al,
2018).  RDV  has  broad  spectrum  anti-CoV  activity.  It  has  been  suggested  that
RDV may also be an option for the treatment of COVID-19 patients (Brown et al,
2019; Liu et al, 2020).

RDV + INF-β was shown to have superior antiviral activity than LPV / RTV in
both  in  vitro  and  MERS-CoV mouse  model  (Sheahan  et  al,  2017).  It  has  been
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reported  that  the  prophylactic  LPV  /  RTV  +  INF-β  combination  reduces  virus
titers without affecting other disease parameters, while the therapeutic LPV / RTV
+  INF-β  combination  improves  lung  function,  but  does  not  reduce  virus
replication or severe lung pathology. Therefore, it has been postulated that RDV
may be the best potential antiviral drug for the treatment of COVID-19. Today,
there are some unfinished studies that have been initiated to evaluate the efficacy
and safety of RDV in patients hospitalized with COVID-19 infection (Tian et al,
2020).

A randomized, double-blind, placebo-controlled, multicenter study of RDV was
conducted in  China between February and March,  2020 (Wang et  al,  2020).  A
total of 237 patients hospitalized with pneumonia caused by SARS-CoV-2 were
included in the study. The first group received a 200 mg IV RDV loading dose on
day 1, followed by a 100 mg / day IV RDV maintenance dose on days 2 to 10,
and placebo for 10 days in the second group. RDV treatment did not result in a
significant change in clinical recovery times (hazard ratio 1 · 23 [95% CI 0 · 87-1
· 75]). Side effects were reported in 102 (66%) patients in the first group receiving
RDV treatment, and in 50 (64%) patients in the second group receiving placebo
treatment. These side effects are cited in the Table 3. As a result of this study, it
has  been  reported  that  there  is  no  benefit  of  RDV  treatment  in  the  clinical
improvement  of  COVID-19.

The  largest-ever  study  on  RDV  against  COVID-19  is  an  international  multi-
center,  double-blind,  randomized,  placebo-controlled  study  conducted  between
February  and  April,  2020  (Beigel  et  al,  2020).  A  total  of  1063  patients  with
COVID-19  pneumonia  were  randomly  divided  into  two  groups  to  receive  IV
RDV and placebo in  addition to  supportive  care.  Median time to  recovery was
reported as 11 (95% CI, 9 to 12) days for group 1 receiving RDV treatment, and
15 (95% CI, 12 to 19) days for the other group receiving placebo treatment. In
addition, the 14-day mortality rates were 7.1% in the RDV group and 11.9% in
the placebo group (hazard ratio for death,  0.70; 95% CI,  0.47 to 1.04).  Serious
side effects were reported in 114 patients (21.1%) of the first group of patients
receiving RDV treatment and in 141 (27.0%) of the second group patients who
received placebo treatment. Side effects in the RDV group were noted as anemia
in 47 (9.0%) patients, acute kidney injury, increased serum creatinine or reduced
creatinine  clearance  in  38  (7.3%)  patients,  fever  in  17  (3.3%)  patients,
hyperglycemia  or  increased  blood  glucose  level  was  observed  in  17  (3.3%)
patients, and liver enzyme elevation in 31 (5.9%) patients. Main findings from the
study of Beigel et al, are shown in the Table 4.

In critical COVID-19 cases, RDV is given by 200 mg IV in 30 minutes; then 100
mg is given for 2 to 10 days.  If  RDV cannot be used or is  contraindicated,  the
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same dose of crushed hydroxychloroquine (HCQ) or chloroquine phosphate (CQ)
can  be  given  via  NG  (Interim  Clinical  Guidance  for  Patients  Suspected  of  /
Confirmed with COVID-19 in Belgium.16 Mars 2020; Version 3). It can be used
in patients with confirmed COVID-19 disease who are treated with mechanical
ventilation in the ICU. However, it is not used in patients with multiorgan failure,
those with creatinine clearance <30 ml / min, high transaminases and concomitant
use  of  LPV  /  RTV  drug;  those  treated  with  dialysis  or  hemofiltration,  and
receiving  inotropic  agents.  These  criteria  mean  that  most  patients  will  not  be
eligible for RDV use.

Table 3. The side effects and their rates in group members who received RDV and placebo treatment
(Adapted from Wang et al, 2020).

- RDV Group Placebo Group

- N=158
%/n

N=79
%/n

Side/ Adverse Effects 66 / 102 64 / 50

Constipation
Hypoalbuminemia

Hypokalemia
Anemia

Rash
Thrombocytopenia

Elevated bilirubin levels
Leukocytosis

Hyperglycemia
Increased neutrophils

Blood urea nitrogen (BUN) increased
Hyperlipidemia

Nausea
Elevated liver function tests

Diarrhea
Vomiting

Hyponatremia
Hyperkalemia

14 / 21
13 / 20
12 / 18
12 / 18
12 / 18
10 / 16
10 / 15
7 / 11
7 / 11
6 / 10
6 / 10
6 / 10
5 /8
5 / 7
3 / 5
3 /4
3 /4
3 / 4

15 / 12
15 / 12
14 / 11
15 / 12
3 / 2
6 / 5
9 / 7
8 / 6
8 / 6
5 / 4
6 / 5
10 / 8
3 / 2
12 / 9
3 / 2
3 / 2
3 / 2
1 / 1

Table 4. Important data from the study of Beigel et al, (Beigel et al, 2020).

Variable / Characteristic RDV Group Placebo Group

Number of patients 541 522

Median Recovery Time 11 15

Mortality Rates (14 days) (%) 7,1 11,9



244   Demystifying COVID-19 Ozgur KARCIOGLU

Variable / Characteristic RDV Group Placebo Group

Incidences of Serious Side Effects (% / n)
-Anemia

- Renal complications
- Fever

- Hyperglycemia
- Elevated liver function tests

21,1 / 114
9,0 / 47
7,3 / 38
3,3 / 17
3,3 / 17
5,9 / 31

27,0 / 141
7,9 / 43
7,4 / 40
5,0 / 27
4,1 / 22
4,1 / 22

4. Nafamostat Mesylate

This antiviral drug, which is a synthetic serine protease inhibitor, provides anti-
infective effect by reducing cathepsin B release and preventing membrane fusion.
It  is  used  in  influenza,  MERS,  and  Ebola  virus  diseases.  The  treatment  of
COVID-19 infection is still under investigation (Hsieh et al, 2007; Nishimura et
al, 2015). It has been reported to block cell entry of SARS-CoV-2 (McKee et al,
2020).

5. Nitazoxanide

This antiprotozoal drug regulates growth, reproduction, and survival of a number
of  extracellular  and  intracellular  protozoans,  helminths,  anaerobic  and
microaerophilic bacteria, and viruses. It has been reported to be effective against a
wide variety of viruses, including animal or human CoVs (Rossignol et al, 2016).

It is a broad spectrum antiviral agent that is being developed for the treatment of
influenza  and  other  respiratory  viral  infections.  Phase  3  clinical  research  is
currently  underway  for  acute  uncomplicated  influenza  treatment.  In  in  vitro
studies, tizoxanide, an active circulating metabolite of nitazoxanide, inhibits the
growth  of  a  wide  variety  of  influenza  A  and  B  strains,  including  influenza  A
subtypes  H1N1,  H3N2,  H3N2v,  H3N8,  H5N9,  H7N1  and  oseltamivir  resistant
strains.  Tizoxanide inhibits  the replication of  a  wide variety of  other  RNA and
DNA  viruses,  including  RSV,  parainfluenza,  coronavirus,  rotavirus,  norovirus,
hepatitis  B,  hepatitis  C,  dengue,  yellow  fever,  Japanese  encephalitis,  HIV
(Rossignol,  2014).

In a study accessed as a preprint, it was reported that Nitazoxanide was effective
in the treatment and prophylaxis of SARS-CoV-2, but clinical studies should be
conducted in order to determine the optimal dose to achieve this effect (Rajoliet
al, 2020).

(Table 4) cont.....
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Neuraminidase Inhibitors (NAI) (Oseltamivir, Zanamivir, Peramivir)

Oral  oseltamivir  is  the  most  widely  available  agent  among  the  neuraminidase
inhibitors  (NAI).  In  patients  with  influenza A (H1N1) infection,  a  reduction in
mortality was observed with treatments using NAI, mostly oral oseltamivir. Early
NAI  treatment,  which  is  initiated  within  2  days  of  symptom  onset,  has  been
associated with a reduction in mortality compared to delayed treatment (Muthuri
et al, 2014). In addition, it has been shown that there is a decrease mortality from
influenza A (H5N1) with expedient treatment with oseltamivir before the onset of
respiratory failure (Adisasmito et al, 2010). The Clinical Practice Guidelines of
the Infectious Diseases Association of America (IDSA) recommend oseltamivir
for all patients hospitalized with influenza. The treatment period is 5 days and is
usually  extended  to  10  days  for  patients  with  ARDS,  pneumonia  or
immunodeficiency  (Uyeki  et  al,  2019).

Nebulized  zanamivir  solution  has  been  administered  to  patients  on  mechanical
ventilation,  but  the  commercial  formulation  contains  lactose  and should  not  be
used for nebulization. Peramivir is the only influenza antiviral agent approved by
the FDA that can be used IV. The IV form of Zanamivir was recently approved by
the  European  Medicines  Agency  (EMA).  These  agents  were  found  to  have
comparable activity with oseltamivir in hospitalized influenza patients. In a study
comparing  high-dose  of  IV  zanamivir  with  oral  oseltamivir,  some  of  the  ED
patients  given  high-dose  of  IV  zanamivir  had  a  shorter  duration  of  the  viral
disease (Marty et al, 2017). NAI has been shown to be effective as an empirical
treatment in MERS-CoV infection. Although there is no definitive evidence of the
efficacy  of  Oseltamivir  in  the  treatment  of  COVID-19;  its  oral  form  is  widely
used  in  Chinese  hospitals  for  suspected  or  confirmed  COVID-19  cases.  It  is
recommended to be ordered as soon as possible (Lu, 2020; Bleibtreu et al, 2018).

Lopinavir / Ritonavir (Kaletra)

Lopinavir  (LPV)  and  ritonavir  (RTV)  are  protease  inhibitors  that  block  viral
replication. LPV has been reported to demonstrate antiviral activity against SARS
in  vitro  at  a  concentration  of  4  µg  /  ml  (Chu  et  al,  2004).  However,  when
combined with ribavirin, LPV is much more effective, showing antiviral activity
even  at  a  concentration  of  1  mcg  /  mL.  RTV  is  used  together  to
pharmacokinetically  increase  the  half-life  of  LPV  through  cytochrome  P450
inhibition.  LPV  /  RTV  combination  has  been  shown  to  be  effective  against
SARS-CoV and MERS-CoV in patients and tissue culture (Chu et al, 2004; Arabi
et al, 2018). LPV is a type of protease inhibitor used in the treatment of human
immunodeficiency  virus  1  (HIV-1)  infection  together  with  RTV.  LPV  /  RTV
combination,  which  is  also  used  in  the  treatment  of  HIV  infection,  can  help
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antiviral  therapy  by  using  it  together  with  ribavirin  in  the  early  stages  of  the
disease. It has been concluded that LPV / RTV can be beneficial, although it does
not appear to be very effective in COVID-19 patients (Chu et al, 2004; Lindsey et
al, 2020).

LPV / RTV has been recommended to high-risk groups of patients with COVID-
19 pneumonia (elderly patients or patients with underlying diseases) (Lim et al,
2020). LPV / RTV combination shows synergistic effect when used together with
ribavirin (Young et al, 2020).

In a study conducted in Hong Kong, some of the patients received only ribavirin
and LPV / RTV + ribavirin combination was administered to some patients in the
treatment of SARS. It has been reported that the risk of death caused by ARDS or
SARS-CoV  is  lower  in  patients  who  received  combination  therapy  than  those
receiving only ribavirin (2.4% vs 28.8%, p = 0.001) (Chu et al, 2004). In another
study,  more  effective  treatment  results  were  reported  in  terms  of  shortening  of
virus transmission time and recovery after LPV / RTV treatment than with other
treatments. Randomized clinical trials for LPV / RTV and IV remdesivir in the
treatment of COVID-19 are still ongoing (Zhou et al, 2020). However, in a study
by Gautret et al, one group of COVID-19 patients (n=21) received LPV / RTV,
the  second  group  (n=16)  Umifenovir  (Arbidol),  and  the  third  group  (n=7)  was
treated without antiviral drugs. No statistically significant difference was found
between  these  patient  groups  in  regard  to  the  rates  of  improvement  or
deterioration  in  clinical  condition  after  treatment  (Gautret  et  al,  2020).

In a randomized clinical study conducted with 199 patients with severe COVID-
19, it was concluded that the group with LPV / RTV added to the treatment did
not have a reduction in the clinical recovery time compared to the standard care
group, so LPV / RTV treatment did not provide any benefit (Cao et al, 2020).

In an experimental study comparing the efficacy of prophylactic and therapeutic
Remdesivir (RDV) versus prophylactic and therapeutic LPV / RTV-INFb, RDV
improved lung functions, reduced viral loads and severe lung damage, in contrast,
prophylactic LPV / RTV-IFNb has been reported to reduce viral loads slightly,
without affecting other disease markers in mice (Sheahan et al, 2020).

It  is  difficult  to  assess  whether  LPV  /  RTV  has  a  role  in  COVID-19  as
monotherapy or as an element of combination therapy with available data. On the
other  hand,  if  the  patient  has  HIV,  LPV  /  RTV  should  be  used  as  part  of  a
standard  antiretroviral  regimen  combination  (Chu  et  al,  2004).  Whether  LPV /
RTV treatment provides clinical benefit requires a larger data-based studies. The
adult dosage of LPV / RTV combined therapy, its side effects, the conditions that
should not be used with some drugs and the situations to be considered in its use



Principles of Treatment Demystifying COVID-19   247

are summarized in the Table 5 (Chan et al, 2003).

Table 5. Adult dosage of LPV / RTV combined therapy, side effects, conditions that should not be used
with certain drugs and conditions to be considered during treatment.

Therapeutic Doses 200 / 50 mg orally twice a day, 5-10 days

Side / adverse effects Allergic / Dermatologic: Hypersensitivity reactions, angioedema,
Stevens-Johnson syndrome, toxic epidermal necrolysis, erythema

multiforme
Cardiac: QT prolongation and Torsades de Pointes, AV block, PR

prolongation
Metabolic: Hyperglycemia, hypertriglyceridemia

Organ systems: renal failure, pancreatitis, hepatotoxicity
Hematological: Anemia, leukopenia, neutropenia

GI: Nausea, vomiting, diarrhea
Psychological: Sleep disorders, anxiety.

Contraindications Of Use With
Coexisting Disorders.

Avoid use of LPV / RTV in the presence of ischemic heart disease,
cardiomyopathy, structural heart disease, QT prolongation, liver disease.

Warnings- Notes • Daily follow-up of ECG, blood glucose, triglyceride, BUN, creatinine,
electrolyte, CBC.

• If the tablets are crushed and administered by gastric catheter, its
absorption may be reduced by approximately 50%.

Umifenovir (Arbidol)

It is a broad-spectrum antiviral agent with activity against a range of enveloped
and non-enveloped viruses, produced in Russia. The antiviral mechanism is the
inhibition  of  virus-mediated  fusion  with  the  target  envelope  and  resultant
blockage of virus entry into target cells (Boriskin et al, 2008). In vitro, it has been
shown to inhibit many viral infections, including hepatitis B virus, Ebola virus,
Lassa  virus,  human  herpes  virus  8,  poliovirus  and  vesicular  stomatitis  virus
(Pécheur  et  al,  2016;  Hulseberg  et  al,  2019).

In some tests conducted in Russia, it has been shown that the drug is effective in
COVID-19, and it has similar efficacy in direct clinical and in vitro comparisons
with  oseltamivir  (Leneva  et  al,  2005;  2016).  In  February  2020,  the  Chinese
National Health Commission recommended its use as a potential treatment during
the COVID-19 pandemic (Lu et al, 2020; Zheng et al, 2020). Umifenovir is used
orally  at  a  dose  of  3x200  mg  /  day  in  adults  and  for  a  maximum  of  10  days
(Diagnosis  and  Treatment  Protocol  for  Novel  Coronavirus  Pneumonia.  Trial
Version  7).

In a study, some of the COVID-19 patients were given LPV / RTV together with
Umifenovir (Arbidol) as a combined treatment, and LPV / RTV was administered
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orally  to  the  other  part  as  monotherapy.  It  was  stated  that  the  clinical
improvement of the group receiving combined therapy was more favorable than
the  group  receiving  monotherapy  (Deng  et  al,  2020).  In  a  study  conducted  in
Wuhan in January 2020, patients were given 400 mg of umifenovir three times a
day for 9 days. In the group treated with umifenovir relative to the control group,
it was shown to reduce viral load identified by (RT-PCR) and decrease mortality
(0% and 16%) (Wang et al, 2020).

Chloroquine

Chloroquine  Phosphate:  Chloroquine  phosphate  (CQ)  has  in  vitro  activity
against COVID-19 and reduces the virus transmission time. This drug has been
used in the treatment of malaria for years. Its therapeutic range is very narrow.
Therefore, it is recommended that its use in suspected or confirmed COVID-19
should be limited to hospitalized patients (Interim Clinical Guidance for Patients
Suspected of Confirmed with COVID-19 in Belgium. 16 Mar 2020, Version 3;
Gao et al, 2020). Several randomized controlled trials have been conducted to test
the  effect  of  CQ  in  treating  COVID-19.  Therapeutic  effects  were  observed  in
terms  of  treatment  of  fever,  improvement  in  thoracic  CT  findings  and  delayed
disease  progression.  CQ has  been  declared  as  a  medical  antiviral  agent  for  the
treatment  of  COVID-19  infection  in  the  sixth  edition  of  the  new  COVID-19
Pneumonia  Diagnosis  and  Treatment  Plan  published  by  the  Chinese  National
Health  and  Care  Commission  on  February  19,  2020  (Wang  M  et  al,  2020).

In  a  study  conducted  on  22  COVID-19  patients,  members  of  a  group  of  10
patients  received  500  mg  oral  CQ  twice  a  day  for  10  days,  and  the  other  12
patients received 400/100 mg oral LPV / RTV twice a day for 10 days. It has been
concluded  that  treatment  with  CQ  has  a  slight  advantage  over  LPV  /  RTV  in
terms  of  improvement  in  clinical  symptoms  and  laboratory  tests  (Huang  et  al,
2020).

CQ has  been reported to  inhibit  the  in  vitro  replication of  several  CoV strains.
Recent  publications  support  the  hypothesis  that  CQ  can  improve  clinical
outcomes  of  patients  infected  with  SARS-CoV-2.  CQ  prevents  the  binding  of
SARS-CoV-2  to  target  cells  by  interfering  with  the  receptor  glycosylation  of
ACE2,  which  SARS-CoV-2  uses  as  a  cell  surface  receptor  in  the  lung,  heart,
kidney and intestine. Effects of CQ on CoV by different mechanisms are shown in
Table 6.

The recommended dose for adults is 2x500 mg / day orally, for a minimum of 5
and a maximum of 10 days. If severe GI reactions occur, the dose is reduced in
half  (1x500  mg  /  day).  Dose  adjustment  may  be  required  in  kidney  or  liver



Principles of Treatment Demystifying COVID-19   249

dysfunction.

Table 6. Effects of CQ on CoV by different mechanisms. (Wang PH et al, 2020; Savarino et al, 2003).

1. It prevents the binding of SARS-CoV-2 to target cells by interfering with the receptor glycosylation of
ACE2.
2. It may also limit the biosynthesis of sialic acids that may be required for the binding of SARS-CoV-2 to
the cell surface.
3. If some viral particles bind to the cell surface, it can prevent the formation of autophagosomes by
increasing the endosomal pH.
4. It changes the pH of lysosomes and inhibits cathepsins; this leads to the formation of an autophagosome
that cleaves the SARS-CoV-2 spike protein.
5. It can inhibit virus replication by decreasing cellular mitogen-activated protein (MAP) kinase activation.
6. CoV can alter maturation by disrupting the proteolytic processing of the M protein; It can alter the virion
assembly and budding.
7. It can act indirectly by reducing the production of pro-inflammatory cytokines and / or by activating anti-
SARS-CoV-2 CD8 + T-cells.

Severe adverse effects include QT prolongation, Torsades de Pointes, decreased
seizure threshold, anaphylaxis or anaphylactoid reaction, neuromuscular disorder,
neuropsychiatric  disorders  (may  trigger  delirium),  pancytopenia,  neutropenia,
thrombocytopenia,  aplastic  anemia,  hepatitis.

There  are  also  common  side  effects  such  as  nausea,  vomiting,  diarrhea,
abdominal pain, headache, and extrapyramidal symptoms. During the treatment,
the QT interval is monitored in the serial complete blood count and ECG controls.
Side effects and incidence rates of Chloroquine are noted in Table 7.

Table 7. Some of the side effects and incidence rates of Chloroquine (Chloroquine Side Effects, 2020).

Incidence Rates of Side Effects

>10% 1%-10% 0,1%-1% 0,01%-0,1%

Ocular/
ophthalmological

- Temporary
blurred
vision

- Retinopathy, irreversible retinal
damage

Dermatological Itching Rashes and
urticaria

Alopesia and
pigmentation

disorders

exacerbation of psoriatic lesions,
erythema multiforme, toxic

epidermal necrolysis, Stevens-
Johnson syndrome

Gastrointestinal Nausea,
vomiting,
diarrhea

- - abdominal pain, liver
dysfunction, and hepatitis

Neurological Headache - neuropathy,
ototoxicity

convulsions and polyneuropathy
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Incidence Rates of Side Effects

>10% 1%-10% 0,1%-1% 0,01%-0,1%

Psychiatric Sleep
disorders

depression - hallucinations, psychiatric
disorders

Cardiovascular - - Cardiomyopathy Life-threatening arrhythmias
(including QT prolongation,

Torsades de Pointes, ventricular
tachycardia, and fibrillation)

Hematological - - - Bone marrow depression; aplastic
anemia, agranulocytosis,

pancytopenia, thrombocytopenia,
neutropenia

Musculoskeletal - - Myopathy -

It is contraindicated in patients  under 18 or over 65 years of age, pregnancy,
previously  diagnosed  porphyria,  G6PD  deficiency,  end-stage  liver  and  kidney
diseases,  arrhythmia,  heart  failure  and  myocardial  infarction,  retinal  disease,
hearing loss mental illnesses, skin diseases and epilepsy. In addition, it should not
be  used  with  drugs  such  as  digitalis  glycosides,  heparin,  penicillamine,
amiodarone,  bepridil,  domperidone,  droperidol,  haloperidol,  macrolides
astemizole, methadone, procainamide, hydrochlorothiazide, quinolones, cisapride,
indapamide,  chlorpromazine,  streptomycin,  octreotide,  and monoamine oxidase
inhibitors (Multicenter collaboration group, 2020).

Hydroxychloroquine (HCQ) (Plaquenil®)

HCQ  is  one  of  the  disease  modifying  antirheumatic  drugs,  a  powerful
immunomodulator  that  prevents  inflammation  flare-ups  (cytokine  storm)  and
organ damage (Ruiz-Irastorza et al, 2010). The chemical structure of HCQ is very
similar to CQ; It is exactly the same except for an additional hydroxyl molecule at
the  terminal.  The  hydroxyl  molecule  makes  HCQ less  permeable  to  the  blood-
retinal barrier and provides faster clearance in the retinal pigment cell.  Thus, it
reduces the risk of retinal toxicity with HCQ compared to CQ. Additionally, the
narrow therapeutic and safety index margin of CQ makes HCQ a safer option than
CQ (Marmor et al, 2016).

It has recently been reported that HCQ is stronger than CQ in vitro, so it can be
used  at  lower  doses  (Yao  et  al,  2020).  In  particular,  HCQ  can  increase
intracellular  pH  and  inhibit  lysosomal  activity  in  antigen  presenting  cells,
including plasmacytoid dendritic cells and B cells. Thus, antigen processing and
major histocompatibility complex (MHC) prevent class II-mediated autoantigen

(Table 7) cont.....
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presentation  (Lotteau  et  al,  1990).  This  process  reduces  T  cell  activation,
differentiation, and expression of co-stimulatory proteins and cytokines (e.g. IL-1,
IL-6) produced by T and B cells (Wu et al, 2017; van den Borne et al, 1997).

Like  CQ,  HCQ also  inhibits  receptor  binding and membrane fusion,  which are
two  essential  steps  required  for  cell  entry  by  CoVs.  Impaired  terminal
glycosylation of ACE2 can reduce the binding efficiency between ACE2 and the
SARS-CoV spike-protein in host cells. After HCQ and CQ enter a cell, both are
concentrated  in  low  pH  organelles  such  as  endosomes,  Golgi  vesicles,  and
lysosomes.  As  the  virus  uses  endosomes  as  its  cellular  entry  mechanism,
increasing the pH of the endosomes with CQ therapy has a negative effect on the
fusion process of the virus and endosome. Inhibition of SARS-CoV spread has
been observed in cells treated with CQ before or after infection, suggesting both
the prophylactic and therapeutic advantages of CQ in combating SARS viruses
(Vincent et al, 2005).

Vomiting and diarrhea are the most common side effects of CQ and HCQ. Long-
term  exposure  to  CQ  can  cause  serious  side  effects  such  as  retinopathy,
cardiovascular disorders, and cardiomyopathy (Schrezenmeier et al, 2020). While
CQ has a number of serious adverse effects on fetal development, HCQ is highly
recommended for pregnant patients with autoimmune disease as it  prevents the
development of congenital heart block due to its potential inhibitory effect of type
I  interferon  (IFN)  production.  Considering  its  safety  profile  during  pregnancy,
HCQ rather than CQ is a potential therapeutic solution for these patients (Izmirly
et al, 2012; Lisney et al, 2017).

In summary, HCQ is thought to be a better therapeutic approach than CQ in the
treatment of COVID-19 infection. There are three main reasons for this:

HCQ  attenuates  the  severity  of  COVID-19  by  inhibiting  cytokine  storm  by●

reducing CD154 expression in T cells.
HCQ can provide a similar antiviral effect in pre and post infection stages found●

with CQ.
HCQ has fewer side effects; it is safe during pregnancy.●

In order to evaluate the efficacy of HCQ at Wuhan University Hospital in China, a
study  was  conducted  including  62  adult  patients  who  were  confirmed  to  be
COVID-19 by RT-PCR, had pneumonia in thoracic CT, SaO2 / SpO2 ratio> 93%
or PaO2 / FiO2 ratio> 300 mmHg. In addition to standard maintenance therapy, the
first  group  of  31  patients  was  given  200  mg  of  HCQ  twice  a  day  for  5  days.
Again,  only  standard  care  treatment  was  administered  to  the  control  group (n=
31).  It  was  reported  that  patients  with  COVID-19  treated  with  HCQ  had  a
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significantly shortened course of pneumonia, cough and fever, compared to the
control group (Chen et al, 2020).

In  a  systematic  review  and  meta-analysis  of  53  randomized  trials,  Chen  et  al,
concluded that CQ is associated with a high total risk of adverse effects compared
with the placebo or no intervention in the overall population (Chen, 2020). Given
the  small  number  of  COVID-19  participants  included,  we  should  be  cautious
regarding the conclusion stating that HCQ is linked with an increased incidence of
adverse effects in patients with COVID-19.

In a study coordinated by the University of Méditerranée in Marseille, COVID-19
patients older than 12 years of age were divided into two groups, 24 as the HCQ
treatment group and 24 as the control group. The treatment group received 200
mg  HCQ,  three  times  a  day  for  10  days,  while  additional  azithromycin  (AZT)
were  used  if  necessary.  Significant  increase  in  the  clearance  of  the  viral
nasopharyngeal carrier measured by RT-PCR within just 3 to 6 days of COVID-
19 in the treatment group compared to the control group. A faster SARS-CoV-2
clearance was noted after six days of treatment with either HCQ alone or HCQ +
AZT (70% versus 12%; P <0.001). AZT added to HCQ has also been reported to
be significantly more effective for virus elimination. In addition, the combination
of HCQ and AZT showed a synergistic effect. On the other hand, addition of AZT
to HCQ may increase the risk of QTc prolongation (Gautret et al, 2020).

Does HCQ Have any Benefit in Prophylaxis?

In a randomized controlled study examining the use of HCQ after contact with an
infected individual without a mask and / or a shield, for at least 10 minutes, at a
distance of less than 1.5 meters (post-exposure), the agent was administered at a
dose of  600 mg for  5 days.  After  2 weeks of  follow-up,  the risk of  developing
infection was found to be no different from the placebo group (Boulware et al,
2020). In a similar study, HCQ was administered for 8 weeks at a dose of 600 mg
/  day  for  prophylactic  purposes  in  comparison  with  placebo  in  asymptomatic,
PCR-negative and non-infected healthcare workers working in COVID-19-related
units for at least 20 hours a week (pre-exposure). Again, the risk of developing
infections was similar in the two groups (Abella et al, 2020). With these findings,
it was concluded that there is no benefit of HCQ prophylactic use in pre- or post-
exposure periods.

It is administered orally for 5 to 10 days at the time of diagnosis or suspicion, 400
mg after 12 hours, 2x200 mg in the following 5 days. If HCQ is unavailable, CQ
600 mg (10 mg / kg) in case of diagnosis or suspicion, 300 mg (5 mg / kg) after
12 hours, then 300 mg (5 mg / kg) BID for up to 5 days or 1000 mg at diagnosis
and 12 hours then 500mg, then 300mg per day (2x300 mg in severe cases) orally
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for up to 5 days. It is contraindicated in cases with QTc> 500 msec, myasthenia
gravis, porphyria, retinal pathology and epilepsy (Interim Clinical Guidance for
Patients  Suspected  of  /  Confirmed  with  COVID-19  in  Belgium.16  Mars  2020;
Version 3).

The Dark Side of The Moon: Doubts about HCQ Effectiveness

The  Turkish  Thoracic  Society  (TTD)  Respiratory  System  Infections  Working
Group evaluated 12 clinical studies conducted with HCQ / CQ in terms of clinical
efficacy and prepared an opinion statement (TTD, 2020).  In 8 of  these studies,
HCQ was not found to be effective or worse results were obtained in those who
used this drug. In one study, it was not found to be effective; however, a definite
judgment could not be made due to the fact that the patient group using HCQ had
more severe and higher concomitant chronic diseases at presentation. In another
study,  patients  using  HCQ  had  better  clinical  outcomes,  but  it  could  not  be
concluded because patients using HCQ use a higher rate of systemic CSD. In two
studies,  it  was  observed  that  mortality  was  lower  in  HCQ  users.  In  all  three
published meta-analyzes, there was no evidence that HCQ is effective. Similarly,
there  was  no  difference  in  clinical  efficacy  between  early  or  late  initiation  of
treatment, and HCQ was found to be ineffective in patients with mild-moderate
COVID-19  (Cavalcanti  et  al,  2020;  Tang  et  al,  2020).  Based  on  the  results  of
these studies, TTD stated that it is useful to review the recommendation for the
use of HCQ in the treatment of COVID-19. After this view, no clinical benefit
was observed in any evaluation parameter of HCQ use in a randomized controlled
study conducted by NIH (Self et al, 2020).

PRINCIPLES OF ANTIBIOTIC TREATMENT IN COVID-19

Co-infections in COVID-19

The association of SARS-CoV-2 with other respiratory pathogens is a common
and potentially important condition. Along with COVID-19, these co-infections
have the potential to affect the diagnosis, clinical course, treatment, hospital stay,
discharge time and mortality rates of the patients. It is not known how it affects
the  clinical  course  or  blood  laboratory  and  radiological  findings  to  assess  the
prognosis of COVID-19 in the presence of co-infection. The number of studies on
this  subject  is  small,  and  while  most  studies  focus  only  on  SARS-CoV-2,  co-
infection studies have been somewhat neglected.

Co-infection  in  COVID-19  patients  resembles  the  spectrum  of  bacterial
superinfection in Influenza A / B, the first co-infection  in  hospitalized  patients is

usually  11-35%,  more  frequent  bacterial  pneumonias  caused  by  streptococcus
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pneumonia and staphylococcus aureus (Klein et al, 2016).

Viral co-infections (VCI): COVID-19 can also occur with other viral infections.
Influenza and SARS-CoV-2 can occur in patients as VCI and present with similar
symptoms.  Flu  usually  occurs  during  the  winter  months  and  is  determined  by
various factors such as the burden of the disease, the availability and effectiveness
of the vaccine in that season, the characteristics of the circulating viruses, and the
duration of the winter season.

According to the Centers for Disease Control and Prevention (CDCP) data in the
USA, it was reported that approximately 36 million patients had symptomatic flu
in  the  2018-2019  season,  resulting  in  approximately  17  million  hospital  visits,
490,000 hospitalizations and 34,000 deaths(CDCP, 2020).

The  rate  of  co-infection  in  patients  exhibit  pandemic  and  seasonal  variations
(Joseph  et  al,  2013).  Considering  the  seasonal  increase  in  the  incidence  of
influenza A and B as a viral agent with COVID-19 and VCI, especially in winter
months, the necessity and importance of getting the flu vaccine comes to the fore.
In  a  study  to  evaluate  whether  seasonal  influenza  vaccine  or  pneumococcal
vaccines  could  help  reduce  COVID-19  mortality,  it  was  reported  that  these
vaccines  could  decrease  mortality  (Thindwa  et  al,  2020).

Bacterial co-infections (BCI): In a prospective study of co-infection screening in
257  patients  with  COVID-19  in  China  Influenza  A  /  B,  human  respiratory
syncytial  virus,  parainfluenza  type  1/2/3/4,  human  metapneumovirus,
coronaviruses  229E,  OC43,  NL63  and  HKU1,  human  bocavirus,  human
adenovirus,  human  rhinovirus,  herpes  simplex  virus,  cytomegalovirus,  Epstein
Barr  virus,  Mycoplasma  pneumonia,  Chlamydia  pneumonia,  Legionella
pneumoniae,  Haemophilus  influenzae,  Moraxella  catarrhalis,  Klebsiella
pneumoniae,  Streptococcus  pneumoniae,  Staphycoccus  pneumoniae,
Mycobacteria,  Pneumocystis  carinii,  Bordetella  pertussis  and  fungi  such  as
aspergillus,  Cryptococcus  neoformans  A  /  B,  mucor,  candida,  Histoplasma
capsulatum;  it  was  reported  that  viral,  bacterial  and  fungal  co-infections  were
detected in 243 (94.2%) patients (Zhu et al, 2020). Of the 243 patients with co-
infection, 236 (91.8%) were bacterial, 81 (31.5%) were viral and 60 (23.3%) were
fungal agents.

Fungal co-infections: In a study where current literature reviews were conducted
to investigate the bacterial / fungal co-infection rate in patients with COVID-19, it
was reported that bacterial / fungal co-infection was detected in 62 (8%) of 806
patients who were hospitalized (Rawson et al, 2020). In the literature review of
Lansbury  et  al.,  it  was  reported  that  co-infection  with  fungal  pathogens  was
detected in only 3 patients among 30 articles and 3834 patients. (Lansbury L et al,
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2020).

Parasitic  co-infections:  There  is  some  evidence  that  helminth  infections  can
alleviate the viral pneumonia process. Although some studies have suggested that
helminth  infection  may  impair  responses  to  viral  immunization  and  viral
infection, there is no clear clinical evidence that it worsens results (Hartmann et
al, , 2019; Osborne et al, 2014; Schwartz et al, 2018).

Use of Antibiotics in the Treatment of COVID-19

Why are Antibiotics Used?

Along  with  its  pathogenesis,  co-infections  play  an  important  role  in  the
exacerbation  of  infection  and  in  death  rate  by  increasing  the  difficulties  in  the
diagnosis,  treatment  and  prognosis  of  COVID-19  disease  and  even  the  disease
symptoms (Bengoechea  et  al,  2020).  Since  BCI  cannot  be  ruled  out,  antibiotic
treatment should be considered in critically ill patients with COVID-19 (Bassetti
et al, 2020).

In a comprehensive, multi-center study conducted in China, it was reported that
58% of the patients who received COVID-19 treatment in hospital  received IV
antibiotic treatment (Guan et al, 2020). In a study conducted in Wuhan, China, the
rate of antibiotic use was reported to be 95%. Again, in another study conducted
in  Jiangsu  city  of  China,  it  was  reported  that  a  single  antibiotic,  especially
moxifloxacin,  was added to the treatment  of  all  patients  empirically (Wu et  al,
2020).

Studies on empirical antibiotic use and applications in COVID-19 patients all over
the  world,  except  China,  are  limited.  To  investigate  this  issue,  an  international
web-based survey was conducted with 166 participants from 23 countries and 82
different  hospitals,  50.3% infectious  diseases,  28.5% intensive  care  and  11.5%
internal medicine specialists, dealing with the care and treatment of COVID-19
patients (Beović et al, 2020). According to this study, 61.8% (n: 102/166) of the
participants reported that antibiotic use in COVID-19 patients was not different
from  local  guidelines  and  82.9%  (n:  136/166)  from  local  community-acquired
pneumonia guidelines.

How Do We Decide On Antibiotic Treatment?

It was accepted that the most important reason for starting antibiotics was clinical
presentation,  followed  by  laboratory  inflammation  markers  and  radiological
findings.  Among  the  laboratory  markers,  the  most  important  parameters  were
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listed as procalcitonin, followed by neutrophil count, WBC count and C-reactive
protein (Beović et al, 2020).

In conclusion, we recommend to stop inappropriate antibiotic use in the empirical
treatment of co-infection and / or superinfections concurrent with COVID-19, to
choose the most appropriate antibacterial agent according to local guidelines, and
to  start  as  soon  as  possible  based  on  microbiological  results.  Empirical
antibiotherapy should be initiated in accordance with local and current guidelines
in patients where microbiological tests are not possible or who are not considered
for hospitalization.

Antibiotics  in  the  macrolide  group  (erythromycin,  clarithromycin  and
azithromycin)  have  not  only  antibacterial  activity,  but  also  immunomodulatory
effects,  including  anti-inflammatory  effects.  Recently,  the  antiviral  effects  of
macrolides have attracted much attention. Erythromycin is the first macrolide with
proven  efficacy  in  the  treatment  of  rhinovirus  and  influenza  viruses.  Later,
clarithromycin and azithromycin have also proven effective for rhinovirus, RSV
and influenza virus (Lee et al, 2017; Lendermon et al, 2017). In addition to the
respiratory viruses mentioned above, Zika and Ebola viruses have been reported
to  be  inhibited  by  azithromycin  (Madrid  et  al,  2015;  Bosseboeuf  et  al,  2018).
Influenza  virus  has  been  shown to  be  significantly  inhibited  by  treatment  with
azithromycin  prior  to  infection.  In  the  early  stage  of  influenza  virus  infection,
azithromycin  prevented  influenza  virus  uptake  into  host  cells.  In  addition,
azithromycin targeted the newly formed virus as a result of growth from host cells
and  inactivated  its  endocytic  activities.  These  findings  show  the  potential  of
azithromycin treatment before and after influenza virus infection (Bosseboeuf et
al, 2018).

It has been reported that azithromycin therapy in combination with HCQ may be
an effective antiviral therapy for COVID-19 (Gautret et al, 2020).

Angiotensin 1 Receptor Blockers (AT1RBs) (-sartans: Losartan, telmisartan,
olmesartan)

Angiotensinogen is broken down by renin, an enzyme released by the kidney, and
is converted to inactive angiotensin (AT) I. On the other hand, carboxypeptidase
ACE converts AT I to AT II in octapeptide structure, which is the active molecule
of the renin angiotensin system (RAS). AT II hormone plays an important role in
the development of hypertension by regulating vascular tone,  fluid volume and
electrolyte balance. AT II acts by binding to two types of receptors called AT1
and AT2.  Its  physiological  effects  are  mostly  achieved through AT1 receptors.
These effects include vasoconstriction, aldosterone release, antidiuretic hormone
(ADH) synthesis, sympathetic activation, and salt absorption from renal tubules.
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All  these  effects  predispose  the  organism  to  the  development  of  hypertension
(Unger, 2000). Since AT1RBs prevent AT II from binding to the AT1 receptor,
this molecule has affinity to AT2 receptors causing the opposite effects (Fig. 2).
As  a  result,  stimulation  of  AT2  receptors  will  cause  increased  vasodilation.
AT1RBs also cause an increase in serum AT peptides such as AT 1-7, AII, AIII
and AIV. These peptides affect vasoconstriction, renal blood flow and vascular
hypertrophy in accordance with the receptors to which they bind (Shibasaki et al,
1999).

Fig. (2).  Angiotensin (AT) -converting enzyme-2 (ACE2) converts AT-I to AT- (1-9) and AT-II to AT- (1-7)
(Panel A). If ACE inhibitors (ACEI) exist in the tissue, the conversion of AT-I to AT-II is inhibited (Panel
B). ACE2 is also bound to SARS-Cov-2 after treatment with “serine protease transmembrane protease, serine
2” (TMPRSS2). If disintegrin and metalloprotease 17 (ADAM17) and membrane-bound ACE2 are cleaved,
soluble (s) ACE2 appears and they cannot facilitate SARS-Cov-2 entry, they keep the virus in the solution.
With AT-II type-1 receptors (AT1R), they increase ADAM17 activity, and AT1R blockers (ARB) inhibit
this.  Ibuprofen  increases  the  synthesis  of  ACE2,  possibly  via  cyclooxygenase  (COX)  inhibition  and
Peroxisome  Proliferator-Activated  Receptor  gamma  (PPAR-γ)  activation.

COVID-19 uses the ACE2 receptor binding motif (RBM) similar to SARS-CoV.
In  other  words,  the  COVID-19  spike-protein  and  the  SARS-CoV spike-protein
share almost the same structure in the RBM domain, and the ACE2 receptor site is
the gateway the virus uses to enter the type II alveolar cell. ACE2 receptors are
mainly found in type II alveolar cells in the lungs. It  is not yet known whether
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susceptibility  to  COVID-19  infection  is  due  to  individual  differences  in  this
region where the virus attaches as it  enters the cell  (Jin et al,  2020; Wan et al,
2020; Xu et al, 2020). The expression of ACE2 on the cell surface is not related to
sex but increases with age (Cao et al, 2020).

ACE2 is the shared binding site of both the 2002-2003 pandemic SARS-CoV and
possibly the strain precipitating the current COVID-19 pandemic. Therefore, the
recommendation to treat AT1RBs to increase the expression of ACE2 in SARS
patients seems hypothetical. However, for COVID-19, most likely, observations
made  in  studies  on  SARS-CoV  suggest  otherwise.  ACE2  receptors  are  mainly
found in type II alveolar cells in the lungs. COVID-19, spike-protein binding to
ACE2 receptors, leads to ACE2 down-regulation; As a result, it has been reported
that ACE causes excessive angiotensin production, which in turn, contributes to
lung  damage.  Because  AT1R  stimulated  by  angiotensin  causes  an  increase  in
pulmonary  vascular  permeability  and  thus  mediates  the  increase  of  lung  injury
(Imai et al, 2005; Kuba et al, 2005).

It  should  be  noted  that  approximately  half  of  SARS-CoV  patients  developed
hypotension  during  their  hospitalization  (Yu  et  al,  2006).  There  is  no
comprehensive information available on hypotension rates in COVID-19 patients
hospitalized  in  this  epidemic.  Now  it  is  early  to  estimate  what  percentage  of
SARS  patients  of  the  ongoing  epidemic  can  be  safely  treated  with  AT1RBs
without  the  risk  of  severe  hypotension.  A  provisional  recommendation  for  the
administration  of  AT1RBs  such  as  losartan  and  telmisartan  as  COVID-19
therapeutics for the treatment of patients prior to the development of SARS has
not  yet  been  proven.  In  the  general  population,  the  percentage  of  people
chronically  using AT1RB can be compared between the  percentage of  hospital
admissions of patients with COVID-19 infected with severe symptoms.

AT1RBs have been widely used in clinical practice for the control of hypertension
and kidney disorders  since the 1990s (Deppe et  al,  2010).  It  uses ACE2 as the
receptor binding site for the spike-protein of COVID-19 (Wan et al, 2020; Lu et
al, 2020). There are some publications reporting that AT1RBs may be beneficial
for patients with COVID-19 pneumonia (Sun et al, 2020). It has been shown that
losartan  and  olmesartan,  which  are  AT1RB,  which  are  widely  administered  to
lower blood pressure in hypertensive patients, increase cardiac ACE2 expression
in rats after myocardial infarction induced by coronary artery ligation (Ishiyama et
al, 2004). Losartan has also been shown to upregulate renal ACE2 expression in
chronically treated rats (Klimas et al, 2015). Consistent with these observations,
higher urinary tract ACE2 levels were observed in hypertensive patients treated
with  olmesartan  (Furuhashi  et  al,  2015).  Taken  together,  these  observations
suggested that chronic AT1R blockade resulted in ACE2 upregulation in both rats
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and humans.

Corticosteroids

So  far,  no  definitive  conclusions  have  been  found  regarding  the  effects  of
immunosuppressants  in  severe  influenza  virus  infections  and  thus,  their
therapeutic  use is  controversial  (Beigel  et  al,  2019).  Corticosteroids,  which are
known as an option for immunomodulatory treatment in the treatment of SARS-
CoV,  affect  the  whole  body  and  have  a  very  strong  effect  and  have  anti-
inflammatory and immunosuppressive effects, provide early recovery of fever and
less harmful radiographic leaks (Chu et al,  2004). The use of corticosteroids to
treat  influenza  virus  has  been  associated  with  a  higher  risk  of  superinfection,
long-term viral replication, and an increased risk of death (Rodrigo et al, 2016).
On the other hand, it has been reported that corticosteroid treatment for MERS-
CoV  infections  was  not  significantly  associated  with  mortality,  but  a  delay  in
MERS-CoV RNA clearance was observed (Arabi et al, 2018).

In  case  of  progressive  deterioration  of  oxygenation  indicators  and  rapid
progression of imaging (CT) findings,  glucocorticoids /  CSD can be used for a
short  time  (3-5  days)  for  patients  in  whom  overactivation  of  the  body's
inflammatory  response  is  suspected.

It is recommended that the dose not exceed the equivalent of 1-2 mg / kg / day
methylprednisolone.  It  has  been  reported  that  a  larger  glucocorticoid  dose  will
delay the elimination of CoV due to immunosuppressive effects (Diagnosis and
Treatment  Protocol  for  Novel  Coronavirus  Pneumonia.  Trial  Version  7).  Care
should  be  taken  when  using  glucocorticoids,  as  they  can  suppress  the  body's
immune system and slow the clearance of the virus (The 3/4/2020 Chinese Health
and Public Health Ministry Guideline on Novel Coronavirus Disease (COVID-19)
Diagnosis and Treatment (Revision # 6). Low-dose corticosteroids have been used
to treat those with severe COVID-19 infection for possible benefit by attenuating
inflammatory  lung  damage,  as  cytokine  storm  was  observed.  However,
corticosteroids did not reduce mortality in SARS-CoV and MERS-CoV infections
according to the WHO guideline (WHO). Clinical management of severe acute
respiratory  infection.  Novel  coronavirus  (nCoV)  infection  is  2020.  Arabi  et  al,
2018). It has been reported in some publications that corticosteroids should not be
used  in  CoV  infection,  did  not  provide  benefit  in  previous  SARS  or  MERS
outbreaks  and  could  increase  viral  spread  (Lee  et  al,  2004).

Some publications reported supporting evidence for the use of CSD in COVID-
19.  In  a  study,  the  use  of  low-dose  CSD  decreased  mortality  in  patients  with
ARDS (Sun et al, 2019).
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Effectiveness of IV Pulse CSD in the Treatment of COVID-19

Some investigations have been conducted to evaluate the effectiveness of pulse
CSD treatment in COVID-19. In a randomized controlled study investigating the
effectiveness of pulse methylprednisolone (PMP) administration in treatment of
COVID-19  patients,  34  out  of  68  patients  were  administered  250  mg  /  day
methylprednisolone IV for 3 days in addition to standard therapy and their data
were compared with 34 patients who received only standard therapy (Edalatifad et
al,  2020).  It  was concluded that  patients who received PMP for their  treatment
had  significantly  reduced  mortality  rate,  recovery  time  and  discharge  time
compared to patients who received standard therapy (p <0.001; p: 0.006; p: 0.003,
respectively). In a study conducted in Spain, 1 mg / kg / day methylprednisolone
was added to the treatment of 396 COVID-19 patients 10 days after the onset of
symptoms as a median time and compared with 67 patients who received standard
treatment. It was observed that in-hospital mortality of patients who received CSD
was lower than those who did not, and it reduced mortality by 41.8% (p= 0.044;
p=  0.710)  (Fernandez-Cruz  et  al,  2020).  In  addition,  CSD  pulse  dose  was
administered to 86 patients of the group given CSD in the treatment. Patients who
received PMP and those who received 1 mg / kg / day methylprednisolone were
compared and no statistically significant difference was found between in-hospital
mortality rates.

It is unclear whether the use of CSD in ARDS is effective. Three cohort studies
evaluated in a meta-analysis reported increased mortality from CSD use in people
with influenza-related ARDS (Ruan et al, 2014).

In  the  guidelines,  it  has  been  reported  that  systemic  corticosteroids  are  not
routinely recommended and should not be given as an adjunctive therapy in the
treatment of COVID-19 (WHO). Clinical management of severe acute respiratory
infection when novel  coronavirus (nCoV) infection is.  2020.  Clark et  al,  2020;
Russell et al, 2020).

In the review published in JAMA in July 2020, it was stated that new information
and evidence revealed that dexamethasone reduced mortality, but the beneficial
effect  was  limited  to  those  who  need  supplementary  oxygen  and  /  or  MV  and
severe  patients  with  a  protracted  clinical  course  (Wiersinga  WJ,  2020).  In  the
randomized  Evaluation  of  COVID-19  Therapy  (RECOVERY)  study,  2104
patients were randomized to receive 6 mg dexamethasone + other treatments for
10  days,  and  4321  patients  to  receive  only  other  treatments  without  steroids
(Horby P, 2020). 28-day mortality is lower in the dexamethasone group. (21.6%
vs 24.6%; age adjusted rate ratio, 0.83 [95% CI, 0.74-0.92]; P <.001). In a smaller
retrospective  cohort  study  reported  from  Wuhan,  a  lower  mortality  rate  was
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observed  among  201  patients  who  received  methylprednisolone  (hazard  ratio,
0.38  [95%  CI,  0.20-0.72])  (Wu,  2020).

Although  it  has  been  reported  that  treatment  with  methylprednisolone  may  be
beneficial  for  patients  with  ARDS  following  COVID-19,  the  effect  of  CST  in
such patients is still to be elucidated (Wu, 2020).

On 2 September 2020, WHO published a guide for physicians on the use of CST
in patients with COVID-19 (WHO, JAMA, 2020). These most recent guidelines
advocated  use  of  systemic  CST  for  the  treatment  of  patients  with  severe  and
critical  COVID-19,  while  the  agents  are  not  recommended for  those  with  non-
severe COVID-19, as the treatment was not associated with any benefits.

This  issue was also evaluated thoroughly by Lamontagne et  al,  A living WHO
guideline in September 2020, who made a strong recommendation for use of CST
in  severe  and  critical  COVID-19 because  there  is  a  lower  risk  of  death  among
people  treated  with  systemic  CST (moderate  certainty  evidence)  (Lamontagne,
2020). The panel collected data from eight randomized trials (7184 participants)
and found that systemic CST probably reduce 28 day mortality in patients with
critical covid-19 (moderate certainty evidence; 87 fewer deaths per 1000 patients
(95% CI; 124 fewer to 41 fewer)), and also in those with severe disease (moderate
certainty evidence; 67 fewer deaths per 1000 patients (100 fewer to 27 fewer)).
They have also advocated that all or almost all fully informed patients with severe
and  critical  COVID-19  would  choose  this  treatment.  In  contrast,  the  panel
concluded that patients with non-severe COVID-19 would decline this treatment
because they would be unlikely to benefit and may be harmed.

Summary:  In  case  of  deterioration  of  oxygenation  and  rapid  progression  of
imaging (CT) findings,  CST- glucocorticoids  can be used for  a  short  time (3-5
days)  for  patients  in  whom overactivation of  the body's  inflammatory response
(cytokine storm) is suspected. Considering the side effects in general, CSDs can
be tried after other alternative therapeutic agents have been tried in the treatment
of  COVID-19  patients.  In  the  treatment  of  COVID-19,  systemic  CSDs  are  not
routinely recommended as an adjunct therapy and should not be given, but it can
be used with severe or critically ill patients who need additional O2  or MV and
whose symptoms persist for a long time.

N-acetyl-cysteine (NAC)

Severe COVID-19 infection leads to a cytokine storm syndrome associated with
acute respiratory distress syndrome (ARDS), multiple organ failure, and increased
mortality.  This  syndrome is  characterized  by  increased  secretion  of  interleukin
(IL)-2, IL-7, granulocyte colony stimulating factor,  interferon-inducible protein
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10, monocyte chemoattractant protein 1, macrophage inflammatory protein 1-α,
and tumor necrosis factor (TNF)-α (Mehta et al, 2020). Reactive oxygen species
and oxidative stress activate important redox sensitive transcription factors such
as  NF-κB  and  activator  protein-1,  leading  to  the  coordinate  expression  of  the
proinflammatory genes of IL-6, IL-8 and TNF-a (Conner et al, 1996).

N-Acetylcysteine (NAC), a well-known mucolytic agent used in respiratory tract
infections,  is  a  thiol  containing  free  radical  scavenger  and  a  precursor  to
glutathione (Sanguinetti, 2015). Glutathione is an endogenous antioxidant that is
often  depleted  in  patients  with  oxidative  stress  or  systemic  inflammation,
including those with chronic obstructive pulmonary disease (COPD) and ARDS.
After systemic administration, NAC is rapidly converted to cysteine, the precursor
to glutathione (Sadowska et al, 2007).

The beneficial effect of 1200 mg / day oral NAC in the management of COPD
exacerbations has been previously demonstrated (Sanguinetti, 2015). Adding this
dose of NAC to conventional therapy improves oxidative stress and inflammatory
response  in  patients  with  community-acquired  pneumonia  (Zhang  et  al,  2018).
The positive effects of NAC have been associated with inhibition of IL-8, IL-6,
and TNF-a expression, and release of respiratory syncytial virus (RSV) in alveolar
type II cells infected with influenza virus A and B (Mata et al, 2011). Therefore, it
is beneficial to add 1200 mg / day oral NAC to the treatment protocol in order to
potentially prevent  the development of  cytokine storm syndrome and ARDS in
patients with COVID-19 (Andreou et al, 2020).

Some agents used in the treatment of COVID-19 and their key characteristics are
shown in Table 8.

Table 8. Some agents used in the treatment of COVID-19 and their key characteristics.

Agent Mechanisms of
Effect

Indications Recommended Dose Contraindications

1.Antivirals

1.Lopinavir/
Ritonavir

Protease inhibition SARS-CoV,
MERS-CoV,

HIV-1

2x200 / 50 mg / day,
oral, no more than 10

days

Heart and liver disease

2.Nucleotide Analogues

a) Ribavirin Blockage of viral
replicase

polyprotein

RSV,HCV 500 mg, IV, no more
than 10 days

Heart diseases,
pregnancy,

hemoglobinopathies

b) Remdesivir Interferes with
viral polymerase

SARS-CoV,
MERS-CoV,

Ebola

200 mg / 30 min IV
inf. then 100 mg 2-10

days.

Liver and kidney failure
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Agent Mechanisms of
Effect

Indications Recommended Dose Contraindications

c) Favipiravir Viral replication
inhibition

İnfluenza 2x1600 mg / day; then
2x600 mg / day, 5

days.

Pregnancy

d) Nafamostat Protease inhibition MERS-CoV,
Ebola

- Hypersensitivity reaction

e) Nitazoxanide Antiprotease CoV - Hypersensitivity reaction

3. Neuraminidase inhibitors (NAI)

a. Oseltamivir NAI Influenza A,B,
Avian flu

(H5N1), MERS-
CoV

2x75 mg / day, oral, 5
days

Hypersensitivity reaction

b. Zanamivir NAI Influenza A,B,
Avian flu

(H5N1), MERS-
CoV

2x10mg / day, via
inhalation and IV, 5

days.

Hypersensitivity reaction

c. Peramivir NAI Influenza A,B,
Avian flu

(H5N1), MERS-
CoV

800 mg / day, oral, 5
days; 300 mg / day,
single dose IM; 800
mg single dose IV

Hypersensitivity reaction

d. Umifenovir
(Arbidol)

Blockage of viral
entry to target

cells

Influenza A,B,
HCV

3x200 mg / day, oral,
5-10 days.

Hypersensitivity reaction

4. Chloroquines

  a. CQ Blockage of
receptor binding
and membrane
fusion used for
viral entry to

target cells of CoV

Malaria,
Rheumatic

diseases

2x500mg / day, oral,
5-10 days

End stage liver and / or
kidney disease, Heart and
Retinal disease, Epilepsy

  b. HCQ Blockage of
receptor binding
and membrane
fusion used for
viral entry to

target cells of CoV

Malaria,
Rheumatic

diseases

Two doses of 400 mg
12 hours apart,

followed by 2x200 mg
/ day, oral, 5-10 days

QTc> 500 ms,
Myasthenia gravis,
Porphyria, Retinal
disease, Epilepsy

Tocilizumab Monoclonal
antibodies

Liver disease,
Rheumatic

arthritis

Initial dose is 4-8 mg /
kg. IV injection in 100
ml saline. Repeat dose

after 12 hours

Tbc, active infection,
Hypersensitivity reaction

(Table 8) cont.....
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CAN  WE  USE  PAINKILLERS  AND  ANTI-INFLAMMATORY  AGENTS
IN COVID-19?

As of September 2020, COVID-19 afflicted more than 27.000.000 people in the
world  and  caused  nearly  900.000  deaths.  The  increase  observed  in  the  total
number  of  cases  in  several  months  has  sparked  a  concern  that  COVID-19  has
threatened the world’s well-being as never before and it is going to maintain its
dreadful status in the next years.

The use of antipyretic, analgesic and NSAIDs has been extensively discussed in
the pandemic period. Before the outbreak, the utilization of antipyretic, analgesic
and NSAIDs has been widespread in the treatment of pain and fever. These signs
and symptoms are precipitated mainly by cytokine storm, major pathophysiologic
pathway inflicting these patients. It is well established that cytokine storm , which
is  a  hyperactive  inflammatory  response,  triggers  COVID-19 symptoms such as
fever, muscle pain, sore throat . This has also been suggested to represent the link
to  the  severity  of  the  disease.  Treatments  recommended  to  support  a  non-
hospitalized patient with a confirmed or suspected COVID infection are shown in
Table 9.

Table 9. Treatments recommended to support a non-hospitalized patient with a confirmed or suspected
COVID infection.

Intervention Description

Fever Having plenty of fluids and a warm shower at intervals of several hours will be
most effective means to alleviate fever. Also ventilate the house / environment,

dress thin or not at all, keep the ambient temperature low (18-220C).

Antipyretic-pain
medications:

Paracetamol can be the first choice. Caution should be taken since the NSAID
group “profens” (i.e., ibuprofen / ketoprofen / dexketoprofen / flurbiprofen) are
active antipyretic and NSAID agents, as they can disguise / increase the signs

and symptoms of COVID-19 infection (Micallef, 2020). However, this opinion
was not supported on the basis of evidence and does not appear to be a real

threat in the management. Instead, recent reports pointed out that NSAIDs can
in fact alleviate the manifestations of cytokine storm.

Tocilizumab (anti-
interleukin-6 receptor

antibody)

The agent can be used as an immunomodulator, to suppress inflammation and to
alleviate fever. Its beneficial efficacy is remarkable during the cytokine storm

period.

Corticosteroids Methylprednisolone is useful in patients with ARDS with its anti-inflammatory
effects, it may be effective on inflammatory muscle pain. It is recommended
only in the treatment of ARDS (Wu, 2020). Mostly not recommended if there

are not any other indications.

Vitamin supplements The beneficial efficacy of vitamins C and D have not been proven yet in routine
treatment. Thus it appears to be useful only in people with deficiency,

malnutrition and debility.
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There is a data scarcity to determine which agents can be safely used in patients
with a definitive or presumptive diagnosis of COVID-19. Therefore, both public
and  the  medical  community  had  a  concern  that  NSAIDs  can  exert  detrimental
effects on patients with COVID-19 in this pandemic era.

The  severity  of  the  course  of  the  disease  is  associated  with  an  exaggerated
immune response. It is postulated that overt activation of neutrophil leukocytes is
one  of  the  main  causes  (Barnes,  2020).  Elevated  levels  of  CRP  and  other
inflammatory markers indicate that the pro-inflammatory response plays a crucial
role  in  COVID-19  infection  (Martinez,  2020).  In  the  pathophysiology  of
moderate-to  severe  COVID-19,  pneumonia  and  ARDS  triggered  by  increased
pulmonary  inflammation  lead  to  thickened  lung  secretions,  widespread  lung
damage and obstruction of the airways, and entry into the fatal path begins with
this mechanism. Increased proinflammatory cytokines (cytokine storm) in serum
and microthrombi also play a critical role in this mechanism.

How to Decide for Treatment of Pain in The Pandemic Period?

The American College of Surgeons recommend that not only medical factors, but
also  logistical  circumstances  be  considered  when  making  treatment  decisions
(ACS,  2020).  For  pain  management,  factors  that  should  be  taken  into
consideration  when  deciding  whether  to  see  a  patient  in  person,  change  the
appointment to telemedicine, postpone the visit, and perform a procedure include:

Acuity●

Co-morbid  psychiatric  (e.g.  severe  pain-related  depression)  and  social  (e.g.●

single mother of young children with limited resources) considerations
Pain level and accompanying functional impairment●

Likelihood of the visit/ procedure providing meaningful benefit●

Likelihood  of  the  patient  to  seek  scarce  emergency  services,  or  be  started  on●

opioids
Need for physical examination●

Risk association with in-person visit or procedure●

Work status (e.g. is the patient currently working or likely to return to work with●

Adequate Pain Treatment?

Paracetamol and NSAIDs

NSAIDs,  especially  “profen group” is  commonly used as  an anti-inflammatory
agent globally, have been pointed out to facilitate the adhesion of the virus to the
cell by up-regulation of ACE2 receptors in patients with COVID-19, but it has not
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been  supported  by  concrete  evidence.  There  are  no  clear  data  to  support  that
NSAIDs should not be used specifically in patients diagnosed with or suspected to
have COVID-19 (Pergolizzi, 2020).

The  deadliest  complication  of  COVID-19  infection  is  sepsis,  along  with
cardiovascular and / or respiratory complications. This situation is predominantly
seen in elderly and patients with comorbidities (Zhou, 2020). It should be kept in
mind that long-term use of NSAIDs such as ibuprofen, naproxen and diclofenac
are  associated  with  higher  rates  of  CVD,  such  as  myocardial  infarction,  heart
failure and stroke (Bhala, 2013).

Acute respiratory infections are associated with an already increased risk of stroke
and  myocardial  infarction,  and  short-term  use  of  NSAIDs  during  illness  is
associated with an increased risk (Wen, 2018). For example, the use of NSAIDs
in  acute  respiratory  infections  has  been  reported  to  increase  the  propensity  for
AMI (OR: 3.41), but it is thought that there may be no significant increase of the
risk with NSAIDs since the OR value for AMI is considered to be 2.65, even if
NSAIDs are not  used at  all  (Wen, 2017).  It  is  not  known whether any of these
proposed factors apply to the COVID-19 pandemic. Evidence to date is not strong
enough to support the full refusal of the use of NSAIDs.

NSAIDs are used if paracetamol's analgesic effect is insufficient, or for conditions
such as severe musculoskeletal pain or resistant fever.

How About Aspirin?

People  taking  low-dose  aspirin  should  continue  their  treatment  for  secondary
prevention  of  cardiovascular  disease  (Little,  2020).

Should Pregnant Women Take NSAIDS?

It is evident that treatment and prophylaxis with aspirin and NSAIDs should not
be  interrupted  in  pregnant  women (Kwiatkowski,  2020).  It  was  also  concluded
that there is no suggestion that NSAIDs should be withheld in pregnant patients
with  suspected  or  diagnosed  COVID-19.  Kakodkar  et  al,  also  reported  in  their
article  published  in  April  2020  that  WHO  also  stated  that  it  had  not  issued  a
negative  interpretation  for  ibuprofen  and/or  other  NSAIDs  and  that  it  was
appropriate  to  continue  the  medication  (Kakodkar,  2020).

Renin-Angiotensin System (RAS) Inhibitors

The idea that RAS inhibitors and ibuprofen increase ACE2 receptors is based on
the results of a study by giving high doses of ibuprofen in diabetic rats, such as 40
mg / kg (Qiao, 2015). This dose is deliberately an overdose such as 3 g in a 70 kg
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person. This does not mean that these findings can be extrapolated to an outcome
associated with the usual dose of ibuprofen in man.

Specific Pain Syndromes and COVID-19

- Headache

Headache has been reported in 11% to 34% of cases with COVID-19 in different
series  (Borges  do  Nascimento.  2020,  Zhang  2020,  Chen  2020,  Xu  2020).  In
addition, around 6% to 10% of the symptomatic patients with COVID-19 reported
headache  as  a  presenting  symptom  (Bolay,  2020).  Headache  is  one  of  the
principal indications in which NSAIDS are preferred as the first-line agent. In the
article  published  in  April  2020,  It  was  reported  that  no  evidence-based  data
prevents the use of RAS inhibitors and NSAIDS such as ibuprofen in suspected
patients with COVID-19 with headache (Maassen VanDenBrink, 2020).

- Musculoskeletal pain and NSAIDS: Orthopedists from Italy, De Girolamo et
al, stated that the warnings for not using ibuprofen in May 2020 lead to a point
that reduces the quality of life of orthopedic patients (De Girolamo, 2020).

Safety and NSAIDs

In the last IDSA report, the issue regarding the use of NSAID agents in COVID-
19  cases  was  also  examined  and  it  was  stated  that  there  is  no  warning  that
NSAIDs  should  not  specifically  used  in  patients  with  COVID-19,  however,
possible adverse effects need to be taken into consideration (Bhimraj,  2020). It
has been mentioned that any cause-effect relationship regarding the use of NSAID
has not been established in patients with deterioration. GI hemorrhage is the best
known  widespread  adverse  effect  of  NSAIDS.  Nonetheless,  profen  group  has
been  shown  to  cause  fewer  GI  hemorrhages  when  compared  to  other  NSAIDs
(British National Formulary, 2014).

In  the  UK,  “The  Expert  Working  Group  on  the  Commission  of  Human
Medicines”  stated  that  no  link  could  be  proven  between  ibuprofen  and  severe
course or exacerbation of COVID-19 (Gov.UK.). Again, the UK health authority
NHS emphasized that paracetamol may be the first choice and there is no clear
data preventing the use of ibuprofen in the treatment of acute pain and fever (NHS
England, 2020). Previously, it is reported that there is no definite data on NSAIDs
increasing the complications of community-acquired pneumonia (Basille 2017).

Another critical issue regarding safety is that the feared side effects of NSAIDs
are  dose-related  consequences  of  the  agents.  In  other  words,  a  comparison  of
short-term  oral  NSAID  and  IV  continuous  infusion  in  a  severely  symptomatic
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patient will certainly yield different results. For example, IV administered NSAID
significantly increases the risk of stroke / CVA in patients with critical condition
and/or respiratory distress, but there is no such risk in oral administration (Voiriot,
2018). In a new article, Zolk et al, also suggested that NSAIDs should be used in
the COVID-19 pandemic period at the lowest effective dose and for a short time
and reported that no untoward effects are expected (Zolk, 2020).

More recently, a population-based Danish cohort study was conducted by Lund et
al,  (Lund,  2020).  The  median  age  of  the  sample  was  50  years,  and  58%  were
female.  They reported that  treatment with NSAIDs was not  linked with 30-day
mortality,  hospital  admission,  ICU  admission,  mechanical  ventilation,  or  renal
replacement therapy in Danish patients with COVID-19. The Danish researchers
had  previously  demonstrated  that  NSAIDs  were  not  associated  with  30-day
intensive  care  unit  admission  or  death  in  adjusted  analyses  in  patients  with
influenza.

The Differences Between the Agents

Diclofenac,  one  of  the  most  commonly  used  NSAIDs,  has  been  accused  of
marked local neurotoxicity (in IM use) in the last decade, the risk of GI bleeding
and -due to the sodium content - exacerbations of heart failure and hypertension,
and therefore, its use has been considerably reduced.

Paracetamol has been promoted as a safe alternative to NSAIDs, but the agent has
well-established causal links with liver damage or toxicity for decades. In other
words,  paracetamol  is  a  treatment  that  can  cause  problems  if  posology  is  not
considered.  Therefore,  NSAIDs  can  be  used  with  caution  after  paracetamol  if
necessary (Belgium, 2020, Little, 2020).

Tocilizumab as a NSAID

Tocilizumab (TCZ) is an anti-IL-6 receptor monoclonal antibody, widely used in
the  treatment  of  autoimmune  diseases  and  has  been  approved  by  the  FDA  to
reduce  cytokine  release  due  to  CD19-specific  chimeric  antigen  receptor  T  cell
therapy in acute lymphoblastic leukemia (Santomasso et al, 2018). In COVID-19,
it is used as an IL-6 inhibitor at high serum IL-6 levels in patients with bilateral
diffuse  pulmonary  infiltrations  or  in  severe  and  critical  groups  with  cytokine
storm.  Mechanisms  of  effect  attributed  to  anti-IL-6  receptor  antibodies  at  the
cellular level have been illustrated in Fig. (3).
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There are contradicting reports on efficacy of TCZ in patients with COVID-19. In
September 2020, Lan et al, published a meta-analysis and demonstrated that TCZ
had no effect on mortality, ICU admission and risk of requirement for MV (Fig.
4) (Lan, 2020).

TCZ treatment was administered in 21 patients who were diagnosed with severe
or  critical  COVID-19.  As  a  result  of  the  study,  it  was  reported  that  TCZ
effectively  improves  clinical  symptoms  and  suppresses  the  deterioration  of
patients with COVID-19 (Xu et al, 2020). In another study, TCZ was used in 15
patients with COVID-19 whose mean IL-6 level was 111.05 pg / mL (range 5-15
pg / mL). 47% of them were critical,  40% severe and 13% moderate. After the
treatment, a decrease in IL-6 level was observed in 11 patients, along with clinical
improvement.  However,  a  steady  increase  in  IL-6  level  was  observed  in  four
critically ill patients in whom treatment was not successful (Luo et al, 2020).

Fig. (3).  Mechanisms of effect attributed to anti-IL-6 receptor antibodies tocilizumab and siltuximab at the
cellular chemistry level.

In another study, 100 patients with COVID-19 pneumonia and ARDS requiring
ventilatory support were given IV TCZ in addition to the conventional treatment,
empirically  considering  that  they  had  high  IL-6  levels.  24-72  hours  after  TCZ
administration,  58  patients  (58%)  showed  a  rapid  clinical  and  respiratory
improvement, 37 (37%) were stabilized clinically, 5 (5%) deteriorated and 4 of
these died (Toniati  et al,  2020).  In the largest registry study conducted to date,
544 patients with severe COVID-19 pneumonia were retrospectively examined,
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and IV or SC treatment with TCZ was found to be associated with reduced risk of
mechanical ventilation and death (adjusted hazard ratio 0 61, 95% CI 0 · 40--092;
p = 0 020) (Guaraldi et al, 2020).

Fig. (4).  Tocilizumab was found ineffective on mortality (A), ICU admission (B) and risk of requirement for
MV (C) in a meta-analytic study by Lan et al, 2020.

The initial dose of TCZ is 4 to 8 mg / kg. The recommended starting dose is 400
mg, diluted to 100 ml with 0.9% normal saline and given as IV infusion in 1 hour.
Patients who do not show a significant improvement after the first dose, the same
dose is repeated a second time after 12 hours. The maximum single dose should
not exceed 800 mg. Attention should be paid to allergic reactions. TCZ is not used
in patients with active infections such as tuberculosis (Diagnosis and Treatment
Protocol for Novel Coronavirus Pneumonia. Trial Version 7).

In an academic medical center, Meleveedu et al, described outcomes in severely
ill  patients  with cytokine release syndrome (CRS) due to COVID-19 following
treatment  with  anti-IL-6/IL-6-Receptor  (anti-IL-6/IL-6-R)  therapy,  including
tocilizumab or  siltuximab.  They have reported  that  clinical  responses  to  anti-I-
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-6/IL-6-R  therapy  were  accompanied  by  significant  decreases  in  temperature,
oxygen  requirement,  CRP,  IL-6,  and  IL-10  levels.

There  are  numerous  ongoing  well-designed  research  projects  tocilizumab  and
sarilumab  such  as  COVACTA  and  SARCOVID,  respectively
(https://clinicaltrials.gov/ct2/show/NCT04320615,  Garcia-Vicuña

Pearl:  There  are  definitely  COVID-19  cases  where  NSAIDs  would  not  be
appropriate  to  use,  such  as  those  who  are  prone  to  GI  bleeding.  However,  a
scientific  basis  for  not  using  them  in  other  cases  has  not  been  established.

As with many drugs, questions to be asked before prescribing in optimizing the
safety profile of NSAIDs are shown in the Table 10.

Table 10. As with many drugs, questions to be asked before prescribing in optimizing the safety profile
of NSAIDs. With this six-item approach, which can be called the “3W2H1C system”, a safer profile will
be created for patients.

Q Explanation

To Whom? Make sure it is given to the right patient

Why? With what indication?

Which drug? Choose the agent with the best profile of effect/adverse events

How much? In what dosage?

How? IV / oral route

Caution! Drug interactions and allergies

In conclusion, the use of NSAIDs as antipyretic, analgesic and anti-inflammatory
agents appears to be indicated in viral infections such as COVID-19, also during
pandemic  periods.  There  is  no  evidence  to  support  NSAIDs  not  to  be  used  in
COVID-19  infections  due  to  their  side  effects.  NSAIDs  are  used  after
paracetamol,  if  necessary,  to  manage  the  symptoms  of  COVID-19.

IS  VITAMIN  C  EFFECTIVE  IN  THE  TREATMENT  OF  COVID-19,
SEPSIS AND ARDS?

Ascorbic  acid  (AscA),  also  known  as  “vitamin  C”,  is  found  naturally  in  many
foods, especially in fruits. It is an acidic substance and has a pH between 2.1 and
2.6  (Padayatty,  2004).  When  isolated,  it  has  a  powder  or  yellowish  crystal
appearance, in a colorless, odorless and soluble structure. AscA is necessary for
many  biochemical  reactions  in  the  body  to  occur  normally.  Since  it  is  not
produced  in  the  body,  it  is  necessary  to  provide  this  absolute  need  from  the

https://clinicaltrials.gov/ct2/show/NCT04320615


272   Demystifying COVID-19 Ozgur KARCIOGLU

outside,  orally  or  parenterally.  Pharmacological  concentrations  can  only  be
reached  after  intravenous  (IV)  administration.

Antioxidant AscA

Parenteral  AscA  is  known  for  its  antioxidant  properties  without  showing  pro-
oxidant effects. AscA is a molecule that readily functions as one or two electron-
reducing agents for many radicals and oxidants. It functions as an antioxidant by
inhibiting hydrogen peroxide-induced cell death and DNA damage triggered by
oxidizing  stress  (Tyml,  2017).  It  protects  the  body's  cells  and  tissues  from
oxidizing damage and dysfunction by removing harmful reactive oxygen species.
This  vitamin  also  has  many  important  properties  that  support  immunity  in  the
body.  Since  it  is  involved  in  the  formation  of  a  protective  barrier  against
infections  and  viruses,  its  consumption  in  the  body  increases  during  infection.
Therefore,  the  need  for  AscA  increases  in  proportion  to  the  severity  of  the
infection  (Lowes,  2010;  Carr,  Crit  Care  2017).

AscA in Sepsis

AscA  affects  the  immune  system,  for  example  the  function  of  phagocytes,  the
transformation of T lymphocytes, and the production of interferon (INF). In some
studies, a significantly lower rate of pneumonia was recorded in groups receiving
AscA (Carr, Nutrients 2017). As a result of the reduction of plasma free iron (Fe),
removal  of  free  radicals  and  the  consumption  of  its  oxidizing  form,
dehydroascorbic  acid  (DHA),  plasma  AscA  concentrations  in  sepsis  gradually
decrease;  and  eventually  it  can  run  out.  AscA  deficiency  due  to  sepsis  allows
uncontrolled oxidizing activity that increases tissue damage (Wilson, 2009).

AscA is effective as a protective factor against sepsis syndromes, and appears to
be inversely correlated with multi-organ failure and mortality rate (Wilson, 2009;
Borrelli, 1996). In the experimental sepsis model created by injecting pathogenic
bacteria  to  rodents,  the  existing  AscA  in  the  organism  was  depleted  and  the
survival  rate  decreased  (Gaut,  2006).  It  has  been  shown  in  another  study  that
AscA administration reverses the deficiency in capillary circulation which ensues
due to sepsis (Tyml, 2008).

The  adhesion  of  leukocytes  and  platelets  to  the  endothelium precipitates  blood
clots  during  sepsis  which  stops  blood  flow  in  certain  areas.  IV  AscA  can
potentially reverse the adhesion by increasing bioavailability of NO, decreasing
the secretion of P-selectin protein, and preventing platelet adhesion (Tyml, 2011).
IV  AscA  replacement  contributes  to  the  effective  and  safe  resolution  of
inflammation and to prevent the release of neutrophil granule enzymes that cause
cytotoxicity and hydrolysis which may cause tissue damage (Tyml, 2017). It has



Principles of Treatment Demystifying COVID-19   273

been  reported  that  IV  AscA  therapy  could  potentially  relieve  sepsis-related
vascular  inflammation  (Wilson,  2009)  (Table  11).

Table 11.  Effects  of  AscA in experimental  studies:  (Adapted from Armour,  2001; Wu, 2004; Tyml,
2005; Kim, 2006).

1. Prevents endotoxin-induced hypotension,
2. Augments the ability of capillary arteries to respond to hypotension by partially correcting the basal
arterial pressure,
3. Escalates endothelial NO production with vasodilator efficacy, which protects from hypersensitivity
against vasoconstriction in the arterioles,
4. Increases capillary blood flow,
5. Reduces the growth of bacteria,
6. Prevents hydrogen peroxide-induced damage in cultured capillary tissue cells,
7. Protects against capillary dysfunction in skeletal muscle of septic animals,
8. Increases survival rate after treatment in experimental sepsis model,
9. Protects liver functions

AscA in ARDS

In an earlier study, it was reported that the mortality rate decreased by 50% when
high dose IV AscA and tocopherol, N-acetyl-cysteine and selenium antioxidants
were administered to patients with ARDS (Sawyer, 1989).

Later, Tanaka et al, administered AscA IV at a dose and rate of 66 mg / kg / hour
continuously for  the first  24 hours in patients  with surface area burns covering
more than 50% of body area (Tanaka, 2000). After 96 hours, the patients had a
reduction in the fluid volume requirement and had significantly reduced wound
edema.  In  addition,  a  decrease  in  the  severity  of  respiratory  dysfunction  was
observed in these patients. Nathens et al, administered α-tocopherol and AscA as
antioxidants for 28 days to 595 patients who were surgically treated in the ICU
(Nathens,  2002).  When  compared  with  155  patients  who  did  not  receive
antioxidants,  the  rate  of  organ  failure  and  the  duration  of  stay  in  ICU  was
decreased  in  patients  who  were  treated  with  antioxidants  .

One  study  in  septic  patients  showed  that  medical  AscA  therapy  reduced  the
severity of multiorgan failure and levels of circulating injury biomarkers. Patients
treated with AscA had rapid and sustained decreases in SOFA scores during the
4-day  treatment  regimen,  in  contrast  to  the  placebo  controls.  The  decrease  in
SOFA score was observed most prominently in patients receiving high dose IV
AscA (Fowler, 2014).

Intracellular  AscA  inhibits  TNF-α-induced  Nuclear  Factor-kappa  B  (NF-κB)
activation in human cell lines in a dose-dependent manner in primary tissue cells.
AscA  may  affect  inflammatory,  neoplastic,  and  programmed  cellular  death
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processes through inhibition of NF-κB activation. In this way, it could potentially
weaken the cytokine storm that occurs in sepsis (Carcamo, 2002). The effects of
AscA in some systemic and septic infections are shown in the Table 12.

Table 12. Effects of Vitamin C (AscA) on some systemic and septic infections.

Systemic Effects Effects in Critical Care: ARDS and Septic Infections

     1. Antioxidant Effect:
• Prevents cell death and DNA damage
• Increases the scavenging of reactive

oxygen (O2) radicals.
2. Anti-inflammatory Effect:

• Creating a protective barrier against
infections

• Increasing nitric oxide (NO) production
• Reducing platelet adhesion
     • Increasing the content of

tetrahydrobiopterin in platelets
• reducing the secretion of P-selectin

protein
• Preventing the release of cytotoxic and
hydrophilic neutrophil granule enzymes

3. Immune System Effects:
• Increasing the function of phagocytes

• Increasing the turnover of T
lymphocytes

• Increasing interferon (INF) production
and activity

• Increasing the production of
immunological thymic hormones

     1. ARDS:
• Decrease in death rate

• Decrease in fluid volume requirements and wound edema
• Decrease in the severity of respiratory dysfunction in patients

2. ICU and critical surgery patients:
Effects on Septic Infections

• Prevention of endotoxin-induced hypotension by increasing
capillary arteriolar responsiveness,

• Increased endothelial NO production with vasodilator
efficacy, which protects from hypersensitivity against

vasoconstriction in the arterioles.
• Increase in capillary blood flow,

• Bacteriostatic effect,
• Preventing hydrogen peroxide damage to capillary tissue cells,

• Increase in survival rate after treatment,
• Protection in liver functions

3. Sepsis:
• Increase in survival rate

• Protective factor against precipitation of sepsis
• Reversing capillary circulation disorder

• Increase in capillary blood flow and strengthen permeability
barrier

• Relieving sepsis-associated vascular inflammation
4. ALI:

• Reducing the pulmonary proinflammatory response
• To reduce the accumulation of polymorphonuclear neutrophils

(PMN) in certain tissues
• Preventing the destruction of Na + -K + -ATPase pump in

lung alveolar tissue cells
• To restore the viscosity of blood to normal

• Maintain tissue cellular permeability to ions and small
molecules by normalizing the expression of ‘Tight junctions’

(TJ) proteins
• Correcting prothrombin time (PT) and activated partial

thromboplastin time (aPTT)
• To reverse signs of sepsis-induced bleeding coagulation

disorders
5. COVID-19:

• There is no evidence supported by adequate clinical studies.
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The largest study evaluating the use of high-dose AscA in patients with sepsis and
ARDS in recent years is the vitamin C infusion (CITRIS-ALI) study for patients
with sepsis and severe acute respiratory failure (Fowler, 2019). This clinical study
is a comparative, double-blind, controlled, multicenter study conducted in 7 ICUs
in  the  USA,  and  enrolled  patients  with  sepsis  and  ARDS.  Patients  were
randomized to receive IV AscA (50 mg / kg in 5% dextrose solution, n = 84) or
distilled water (n = 83) IV every 6 hours for 96 hours. Among patients with sepsis
and ARDS, it has been reported that 96-hour high-dose vitamin C IV treatment
did not significantly reduce organ failure scores or improve biomarker levels at
168 hours. However, it has been shown that the mortality rate can be reduced in
these patients. It has been reported that more research is needed to evaluate the
role of AscA in sepsis and ARDS.

AscA in The Treatment of Acute Lung Injury (ALI)

In  an  experimental  study,  IV  AscA  was  administered  after  polymicrobial
peritonitis  was  induced  in  mice.  The  administration  of  IV  AscA  significantly
reduced both the preinflammatory response of the lungs and the accumulation of
polymorphonuclear  neutrophils  (PMN)  in  certain  tissues  without  homogenous
distribution in the body. Thus, IV AscA treatment preserved lung barrier function
in  septic  mice.  In  addition,  it  has  been  reported  that  AscA  prevents  the
degradation  of  the  Na+-K+-ATPase  pump  in  lung  alveolar  cells.

AscA  preserved  tissue  cellular  permeability  to  ions  and  small  molecules  by
normalizing  the  release  of  tight  junctions  (TJ)  proteins  into  the  environment.
AscA vascular therapy eliminated the coagulation abnormalities found in septic
mice (Fisher, 2012). The regulation of pre-coagulation, anti-coagulation and clot-
dissolving  pathways  can  explain  the  main  regulatory  effects  of  AscA  on
peritonitis-mediated ALI-related coagulation abnormalities.  These experimental
data  show  that  parenterally  administered  AscA  accumulates  in  the  cell  and
increases the lung barrier cell function and structure. In this study, it is shown that
AscA  alleviates  ALI  precipitated  by  sepsis  by  increasing  the  integrity  of  the
epithelial barrier of the lung alveoli. AscA also up regulated the secretion of ion
channels  and  pumps  that  play  a  critical  role  in  improving  lung  alveolar  fluid
drainage.

Effect on Coagulation Disorders

In addition, significant changes were observed in viscosity and clot properties of
septic  mouse  blood.  IV  AscA  treatment  in  septic  mice  completely  normalized
bleeding  coagulation  disorders  (Fisher,  2012).  It  has  been  shown  that  AscA
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improves  almost  all  symptoms  of  sepsis-induced  coagulation  disorders,
prothrombin time (PT)  and activated  partial  thromboplastin  time (aPTT) in  the
endotoxin-induced sepsis model (Fisher, 2011).

High Dose Vitamin C (AscA) Treatment in COVID-19

Currently, there is no specific treatment with proven reliability and efficacy for
COVID-19  infection,  which  may  develop  pneumonia,  sepsis,  ARDS,  multiple
organ  failure  and  death  in  severe  cases.  Treatment  options  are  based  on
information obtained within the framework of comparative controlled studies and
other scientific research. One of these treatment options is supportive high dose
vitamin C, namely AscA treatment. The basis for this treatment is based on the
aforementioned  efficacy  that  has  been  reported  in  many  studies  published
previously.

Ready-to-use 15 g (500 mg / ml) AscA vials are available in 50 ml water solution
for injection (Fig. 5). IV treatment is administered at a dose of 50 mg / kg, qid (4
times  a  day)  (Carr,  2018).  Although  there  is  no  clear  data  on  the  duration  of
treatment,  it  was  given to  patients  in  the  ICU for  4  days  in  CITRIS-ALI study
(Fowler,  2019).  Although  no  negative  results  have  been  reported  regarding  its
safety  and  short-term  adverse  effects,  the  issue  of  high-dose  AscA  treatment
duration  and  undesirable  long-term  effects  should  be  investigated  with  larger
studies.

Fig. (5).  Vitamin C vial for injection, including 500 mg l-AscA / mL.

In conclusion, AscA has positive contributions to the inflammatory process with
various effects and mechanisms. The use of high-dose AscA may be considered in
the  supportive  treatment  of  COVID-19,  as  it  has  been  reported  in  the  previous
studies.  It  has  been  reported  to  significantly  reduce  the  degree  of  multi-organ
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failure,  organ  damage,  especially  acute  lung  injury,  and  reduce  the  severity  of
respiratory  dysfunction  and  mortality.  Experiences  with  high-dose  AscA
treatment in the COVID-19 pandemic will be a guiding resource in the future in
overcoming  the  uncertainties.  However,  for  now,  it  cannot  be  said  that  AscA
treatment is absolutely beneficial and indicated in the management of COVID-19.

VITAMIN D AND COVID-19: A REAL TREATMENT?

Vitamin D (DV),  known as  the  sunshine  vitamin,  is  an  important  molecule  for
healthy  bones,  teeth  and  muscles.  Vitamin  D2  is  synthesized  by  plants,  while
vitamin  D3  is  produced  in  our  skin.  The  active  form  of  DV  (1,25-
dihydroxyvitamin D / calcitriol) is thought to be effective in many inflammatory,
infectious diseases. DV deficiency leads to rickets in children, bone softening in
adults or diseases called 'ostoemalacia'.

DV  is  transformed  from  the  passive  form  to  the  active  form  in  the  skin  by
ultraviolet radiation. Therefore, it is known that physical activity in the open air
under the sun can effectively increase DV levels (Carter et al, 2020). It has been
shown  that  DV synthesis  is  less  active  in  blacks,  which  is  due  to  the  fact  that
melanin pigment absorbs less ultraviolet (UV) rays (Nair et al, 2012).

Is COVID-19 related to vitamin D?

Yes and no. COVID-19 has been linked to DV as well  as everything else.  It  is
confusing  that  COVID-19  is  more  common  and  more  deadly  in  the  northern
hemisphere, in winter, in the black race and in the elderly. DV levels in the body
tend to decrease with age. Case fatality rates caused by COVID-19 also increase
with age (Novel, C.P.E.R.E. 2020).

Cannell  et  al,  report  that  the winter  peak in infections is  partially linked to the
time period when solar UV radiation doses and thus DV concentrations are lowest
in most mid- and high-latitude countries (Cannell et al, 2006). A study recruiting
198  healthy  adults  in  the  autumn  and  winter  of  2009-2010  in  Connecticut
examined the relationship between serum DV concentration and the incidence of
acute  lower  respiratory  tract  infection  (LRTI).  Throughout  the  study,  45%  of
those with DV levels below 38 ng / mL developed LRTI while the disease ensued
in only 17% of those who had DV above 38 ng /  mL. Concentrations of  a  DV
level of 38 ng / mL or more were associated with a two-fold reduction in the risk
of developing LRTI (p <0.0001) and a significant reduction in the patient days
(Sabetta et al, 2010).

There are significant differences between countries in mortality rates caused by
COVID-19.  During  the  outbreak,  countries  in  the  southern  hemisphere
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experienced a relatively low mortality rate. “Thirty-five degrees North” is latitude
where human being does not get enough sunlight to maintain adequate vitamin D
levels  during  the  winter  months.  This  suggests  a  possible  role  of  vitamin  D in
determining  outcomes  from  COVID-19.  There  is  little  evidence  that  DV  can
protect against infection. It is important to note that the hypothesis is not that DV
will  protect  against  SARS-CoV-2  infection  but  may  be  very  important  in  the
prevention of cytokine storm and subsequent LRTI that causes mortality. Large-
scale studies are urgently needed to assess whether there is a relationship between
DV and COVID-19 disease severity (Garg et al, 2020).

What are The Claims Related to Infections and DV?

In  fact,  there  seems  to  be  no  serious  evidence  that  DV  supports  the  immune
system.  Still,  some  studies  have  shown  that  DV  deficiency  increases  the
susceptibility to viral diseases such as flu and colds. The effects of DV related to
infections are listed in Table 13.

Table 13. Effects of DV related to infections.

     1. It takes part in the regulation and suppression of the inflammatory cytokine response of respiratory
epithelial cells and macrophages against various pathogens.
     2. Reducing the risk or severe respiratory infections; resulting from increased expression and secretion of
pro-inflammatory cytokines and chemokines.
     3. Protective effect from lipopolysaccharide-induced lung injury by modulating ACE-I and II expression
     4. Reduced risk of microbial infection and death through physical barrier and cellular innate immune
mechanisms.
     5. Increases expression of antioxidation-related genes with antimicrobial activities, which prevent the
consumption of AscA (C vit) utilized for the prevention and treatment of COVID-19
     6. Antiviral effect
     7. It alleviates acute lung injury with immunomodulatory effect, including down-regulation of pro-
inflammatory cytokines.

ACE: Angiotensin-converting enzyme, AscA: Ascorbic acid

There  are  outstanding  experimental  data  showing  that  DV  is  important  in
regulating  and  suppressing  the  inflammatory  cytokine  response  via  respiratory
epithelial cells and macrophages against various pathogens, including respiratory
viruses (Greiller et al, 2015).

Respiratory  monocytes  /  macrophages  and  epithelial  cells  protect  against
respiratory tract infections by expressing the DV receptor. DV and DV receptor
agonists significantly reduce the pro-inflammatory response to antigen challenge
in cystic fibrosis airway epithelial  cells  in vitro.  Some studies suggest  that  low
DV  levels  may  increase  the  risk  or  severity  of  respiratory  viral  infections,  in
relation with increased expression and secretion of pro-inflammatory cytokines
and  chemokines.  Therapeutic  administration  of  DV  reduces  the  inflammatory
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response to viral infections in the airway epithelium. This suggests that adequate
DV  level  will  contribute  to  mitigated  inflammation  severity  in  individuals
infected  with  respiratory  syncytial  virus  (RSV)  (Hansdottir  et  al,  2010).

DV  has  been  experimentally  shown  to  exert  protective  effects  from
lipopolysaccharide-induced lung damage by modulating the expression of ACE-I
and II. ACE-II is the host receptor for the entry of SARS-CoV-2 into intestinal
and alveolar cells. Later, dysregulation of the renin-angiotensin system can lead to
large-scale  cytokine  activation  leading  to  acute  respiratory  distress  syndrome
(ARDS),  which  can  be  fatal  (Xu  et  al,  2017).

In some publications, it has been reported that DV reduces the risk of microbial
infection  and  death  and  provides  this  with  physical  barrier  and  cellular  innate
immune mechanisms (Rondanelli et al, 2018). It suppresses responses mediated
by  T  helper  type  1  (Thl)  cells,  primarily  by  inhibiting  the  production  of
inflammatory  cytokines  IL-2  and  interferon  gamma  (INF-  γ).  It  also  promotes
cytokine production by T helper type 2 (Th2) cells, which helps to increase the
indirect suppression of Th1 cells. It increases the induction of T regulatory cells.
Thus, DV has been claimed to inhibit inflammatory processes.

DV  also  increases  the  expression  of  genes  associated  with  antioxidation
(glutathione reductase and glutamate-cysteine ligase modifier subunit), and then
increased  glutathione  production,  has  prevent  consumption  of  AscA  (C  vit),
which has antimicrobial activities and also proposed for treatment and prevention
of COVID-19.

Teymoori-Rad has also suggested that DV, which can act as an immunomodulator
and  anti-inflammatory,  has  antiviral  activity  with  many  different  mechanisms
(Teymoori-Rad et al, 2019). DV has been reported to be associated with cytokine
hyperproduction  and  ARDS and  has  recently  been  recommended  as  a  drug  for
lung  damage  caused  by  influenza  A  H5N1  virus  due  to  its  protective  effect.
Again, some studies show the effectiveness of DV as an adjuvant treatment with
antiretroviral  agents  in  patients  infected  with  human  immunodeficiency  virus
(HIV). In addition, DV pretreatment is beneficial in animal models of ARDS and
reduces lung permeability by modulation of the renin-angiotensin system activity
and ACE2 expression (Xu et al, 2017).

DV  has  immunomodulatory  properties,  including  down-regulation  of  pro-
inflammatory  cytokines,  and  has  been  shown  to  mitigate  lipopolysaccharide-
induced acute lung injury by the renin-angiotensin pathway in mice by inhibiting
effects on angiopoietin (Ang)-2-Tie-2 signaling. In another study conducted on
DV's replication of rotavirus both in vitro and in vivo, it was claimed that 4000 IU
/ day DV supplementation reduced Dengue virus infection (Arboleda et al, 2019).
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In population-based studies, it has been stated that COVID-19 infection is more
common and more severe in people with DV deficiency, blacks and other ethnic
minorities in Western societies (Khunti et al, 2020). For example, only 13% of the
UK society consists of ethnic minorities, but 1/3 of the patients with COVID-19
hospitalized  in  hospitals  are  from  these  minorities.  It  was  written  in  the
Washington  Post  that  in  the  United  States,  the  risk  of  black  people  getting
COVID-19  is  3  times  higher  and  the  risk  of  death  is  6  times  higher  than  the
others.  However,  the  reason  for  the  relationship  between  ethnicity  and  DV
deficiency  is  not  fully  clarified  yet.  The  fact  that  DV  deficiency  was  more
common in these groups was postulated to be a potential explanation (Thebault et
al, 2020).

Immune Modulatory Effect and Vitamin D

DV is  a  modulator  of  adaptive immunity,  and it  has  been suggested that  it  can
help manage the proinflammatory environment or “cytokine storm” observed in
COVID-19  patients  (Grant  et  al,  2020).  It  has  been  claimed  to  show
immunomodulatory activity with IL-6 antagonist activity similar to tocilizumab,
and it even provides cyclicity of seasonal flu (Silberstein, 2020). Urashima et al,
It showed that DV level is directly related to susceptibility to influenza disease.
The authors  suggested that  DV therapy,  rather  than tocilizumab,  could be used
more economically to manage COVID-19. It has been shown that giving DV at
regular intervals in the elderly can protect against respiratory infections. Higher
doses may be required in the treatment of those with COVID-19 (Urashima et al,
2010).

Who are The Risk Groups?

Obese individuals, pregnant women, those with chronic diseases and the elderly
are at  high risk for  DV deficiency.  It  has  been suggested that  the link between
obesity  and  the  severe  course  of  COVID-19  stems  from DV deficiency.  It  has
been reported that DV deficiency is also effective in the development of ARDS in
those  with  COVID-19  (Han  et  al,  2016).  The  fact  that  advanced  age  and  the
presence of comorbidity, which are factors in COVID-19 deaths, also accompany
DV deficiency  make  it  difficult  to  realize  which  is  the  main  factor  (Pilz  et  al,
2018).  Taking  all  these  into  consideration,  Grant  et  al,  He  recommended  that
people in risk groups take 10,000 IU / day for a few weeks and then 5,000 IU /
day of vitamin D3 to reduce the risk of COVID-19 and other infections. The goal
is to rise DV level above 40–60 ng / mL (100–150 nmol / L) (Grant et al, 2020).
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Smoking, Men, and vitamin D: a Bad Trio?

Yes. It has also been suggested that the higher mortality rate due to COVID-19 in
men  is  the  result  of  higher  smoking  in  men  and  the  decrease  in  DV  level  of
smoking (Grant et al, 2020; Brot et al, 1999).

Vitamin D in Intensive Care

In 2016, it  has been shown that administration of high doses of DV to patients
with DV deficiency (N = 31) among the patients in ICU on mechanical ventilation
in Atlanta decreased deaths (Han et al, 2016).

What Should Be Considered When Getting DV?

Patients  receiving  DV  are  also  recommended  to  consume  magnesium  and
calcium, which help activation and act together in bone metabolism. One of the
most  comprehensive  clinical  studies  on  this  subject  has  been  conducted  and
recently published in England. Blood (25 (OH) D) level has been associated with
risk of COVID-19 among UK Biobank participants (502,624 people, 37-73 years
old). It has also been investigated for its relationship to increased risk in ethnic
minorities.  Indeed,  DV  deficiency  appears  to  be  associated  with  inflicted  by
COVID-19.  However,  when  'confounding  factors'  such  as  low  socioeconomic
status, malnutrition etc. are discarded, the “statistically significant relationship”
disappears (OR = 1.00; 95% CI = 0.998-1.01; p = 0.208). In other words, DV is
not  directly  and  independently  associated  with  COVID-19  as  a  risk  factor.
Interestingly, being black and of South Asian origin directly increases the risk of
COVID (OR values 5.3 and 2.6, respectively, p <0.001 and p <0.001) (Hastie et
al, 2020).

CONCLUSION

Vitamin D (DV) is an important molecule for healthy bones, teeth and muscles. A
deficiency of DV leads to rickets in children, pathological bone softening in adults
or  diseases  called  'osteomalacia'.  Its  active  form  (1,25-dihydroxyvitamin  D  /
calcitriol)  is  considered  to  be  effective  against  many  inflammatory,  infectious
diseases. It is involved in regulation and suppression of the inflammatory cytokine
response of respiratory epithelial cells and macrophages to various pathogens.

By modulating ACE-I and II expression, it prevents lipopolysaccharide-induced
pulmonary damage, reducing the risk of microbial infection and death by physical
barrier and cellular natural immune mechanisms.

It has been demonstrated that the level of DV is not associated with the risk of
COVID-19,  nor  is  it  a  source  of  increased  risk  in  ethnic  minorities.  Other
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comorbid diseases and malnutrition will need to be more common in these groups
and socioeconomic factors  should be emphasized.  Data so far  suggest  that  it  is
appropriate  to  give  DV  to  elderly  people  with  DV  deficiency  and  those  with
comorbid  diseases,  not  everyone  should  have  DV.  Nevertheless,  multi-center,
community-based,  well-designed  studies  seem  necessary  to  clarify  the  DV-
COVID-19  relationship.
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CHAPTER 15

Critical Care in COVID-19

Abstract: There are currently no recommended specific treatments for the group with
severe COVID-19. Therefore , supportive treatment is essential. Expedient recognition
and decisions  for  aggressive  measures  such as  permanent  control  of  the  airway and
positive-pressure  ventilation,  along  with  CST  and  t-PA  administration,  should  be
evaluated using certain selection criteria. Prone position is mostly associated with more
favorable outcomes than supine position in the resuscitation of selected cases. Shock is
also a catastrophic event that should be recognized and managed as early as possible
for favorable outcomes. If the mean arterial pressure (MAP) cannot be kept above 65
mmHg  with  intravenous  (IV)  hydration  and  lactate  cannot  be  maintained  below  2
mmol/L, vasopressor support should definitely be initiated.

Extracorporeal  membrane  oxygenation  (ECMO)  therapy  is  used  in  ARDS  to
temporarily  maintain  adequate  O2  supply  and  CO2  elimination  and  /  or  provide
perfusion  in  patients  with  respiratory  and  /  or  heart  failure  who  do  not  respond  to
conventional  interventions  and  whose  physiological  variables  are  abnormal  despite
maximal support.

The development  of  coagulopathy is  associated with high mortality  in  patients  with
COVID-19.  Therefore,  low  molecular  weight  heparin  (LMWH)  should  be  used  for
prophylactic  purposes.  In  order  to  reduce  the  incidence  of  VTE,  it  should  be
administered to patients with severe conditions and who are dependent on mechanical
ventilation. Prophylactic LMWH will also benefit patients at high risk of VTE. The use
of LMWH and anticoagulant therapy has been shown to reduce mortality in COVID-
19.

The FDA has also recently approved the use of convalescent (immune) plasma therapy
(CPT) in the COVID-19 era. Sera of the persons recovering from COVID-19 infection
can be used in the prophylaxis or treatment of COVID-19 infection. CPT is one of the
most important treatment options that can be used in pandemic COVID-19 infection.
Antibody replacement by plasma infusion may be beneficial in the first 7-10 days of
the disease. CPT is an important option for the prevention and treatment of COVID-19
disease in the presence of a sufficient number of people who can donate Ig-containing
plasma. Patients treated with CP have a shorter hospital stay and lower mortality rates
than other patients.

Keywords:  Convalescent  plasma,  CPR,  COVID-19,  Critical  care,  Emergency
cardiac  care,  Extracorporeal  membrane  oxygenation,  Low  molecular  weight
heparin,  Positive-pressure  ventilation,  Prone  position,  Shock,  Treatment.
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CPR, EMERGENCY CARDIAC CARE AND COVID-19: WHAT’S NEW?

It is well established that 3 to 6% of patients with COVID-19 are critically ill and
some  of  them  die.  Patient  factors,  main  strategies  of  the  management,
geographical  differences,  and  perhaps  subtypes  of  the  virus  affect  these  rates.
Every healthcare worker (HCW) may encounter arrest status of a COVID-19 case
at any time, which mandates a thorough knowledge and skills developed for each
deadly  scenario.  For  example,  cardiotoxic  effects  of  treatment  agents  such  as
hydroxychloroquine and azithromycin, which are frequently used in the treatment
of  COVID-19,  induce  QT  prolongation  which  can  trigger  life-threatening
arrhythmias in the vulnerable groups of patients. Main principles for protection of
HCW are shown in the Table 1.

Table 1. Main principles for protection of HCW.

1. Be sure to report the COVID-19 status without transferring the patient to another team or person.

2. Everyone in the team should know by heart that protection is a priority. HCW who are exposed to
infection will not only be subtracted from the manpower temporarily, but they will also pose a danger as a

new ‘walking source of transmission’.

3. Use of PPE is vital. All personnel to respond should use PPE completely.

4. There should be no HCW in the intervention room without a vital task.

5. Although not a sine qua non, the use of a mechanical CPR device (MCD) should be considered. It can
help reduce the number of involved HCW.

Resuscitative procedures pose the greatest risk for disease transmission. Unlike
many other personnel, one of the most important problems emergency HCW face
in  CPR  /  ACLS  is  being  unaware  of  the  given  patient’s  infection  status  or
contagiousness related to COVID-19. This factor renders HCWs in primary care,
EMS and EDs especially prone to be inflicted by the disease.

The  use  of  PPE  is  vital  in  all  procedures  and  interactions  with  patients  in
pandemic  period.  Applications  precipitating  aerosolization  are  primarily  CPR,
laryngoscopy-  endotracheal  intubation  (ETE),  ventilation  management,  i.e.,
NIV,  PPV  and  other  advanced  airway  interventions.

Take every measure to minimize the risk of aerosolization.

Will there be any changes in the CPR?

Yes.  The  most  important  principle  is  to  consider  every  arrest  or  pre-arrest
phenomenon  as  COVID-19  and  take  precautions  accordingly.  One  of  the  most
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important changes than before is wearing a mask for the patient and the use of
MCD in the procedure. Mouth-to-mouth breathing is being abandoned eventually.
Recommended steps  for  adult  CPR amid the  pandemics  are  summarized in  the
Fig. (1).

Does 'ABCD' mnemonic for BLS change after COVID-19?

Yes. Let us be ready for “PCBDI”.

P: PPE (personal protective measures) N95, gloves, apron.●

C: Compressions (+/- MCD)●

B: Breathing, ventilation, bagging with HEPA filter●

D: Defibrillation with paddles or pads●

I: Isolated CPR room●

Suggested algorithm for adult ACLS in the pandemic era is shown in the Fig. (2).

If  endotracheal  intubation  (ETE)  and  ventilation  is  performed  with  a  closed
circuit, the risk of transmission is very low if a ventilator with high-efficiency
particulate air (HEPA) filter is used.

- It is also helpful to use a tube with cuff for ETE.

-  Before  the  ETE,  HEPA filter  bag-valve-mask  (BVM)  device  (or  T-piece  in
newborns) should be used, and air leakage should be prevented completely.

- The most experienced person should intubate the patient to mitigate the risk of
ETE  failure  and  thus  prolonged  aerosolization.  Compressions  should  be
interrupted  during  the  attempt  for  ETE.

-  Videolaryngoscopy  (VL)  can  be  preferred  as  it  will  increase  the  success  of
ETE.

- Before ETE, BMV device with HEPA filter should be used.

-  Prevent  disconnection  of  the  circuit  after  closed  circuit  is  provided  in  the
intervention.

How Should Cpr / Acls Be Done In Covid-19 Period?

Some  other  issues  may  be  ignored  as  attention  focuses  on  saving  the  patient
during  CPR.  Disease  transition  is  one  of  them.  It  should  be  kept  in  mind  that
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critical  COVID-19  cases  have  a  high  mortality,  which  increases  with  age  and
comorbid CV and respiratory diseases. For this reason, the success expected from
resuscitation on the basis of a single case should be balanced with the risks.

The  patient  or  his  /  her  relatives  should  be  discussed  about  the  CPR /  ACLS●

procedures, the patient's vital status, life expectancy, requirements, and targeted
level of care.
The EMS should prepare guidelines for the front line HCW about when CPR /●

ACLS interventions will be appropriate. At this point, the life expectancy should
be estimated by taking into account the risk factors of the patient.
There  is  insufficient  data  to  support  the  effectiveness  of  routine  ECMO●

administration in COVID-19 cases.

In  August  2020,  Australasian  College  for  Emergency  Medicine  published  a
consensus statement on adult resuscitation. The recommendations are summarized
below: (Adapted from Craig et al, 2020).

In a setting of low community transmission, most cardiac arrests are not due to●

COVID-19.
Early defibrillation saves lives and is not considered an aerosol●

generating procedure.●

Compression-only  cardiopulmonary  resuscitation  is  thought  to  be  a  low-risk●

procedure and can be safely initiated with the patient’s mouth and nose covered.
If  COVID-19  significantly  affects  hospital  resource  availability,  the  ethics  of●

resource allocation must be considered.
All other resuscitative procedures are considered aerosol generating and require●

the use of airborne personal protective equipment (PPE).
It is important to balance the appropriateness of resuscitation against the risk of●

infection.
Methods  to  reduce  nosocomial  transmission  of  COVID-19 include  a  physical●

barrier such as a towel or mask over the patient’s mouth and nose, appropriate
use  of  PPE,  minimising  the  staff  involved  in  resuscitation,  and  use  of
mechanical  chest  compression  devices  when  available.

Out-of-Hospital Cardiac Arrest: (OHCA)

Although  CPR  is  the  golden  rule  in  OHCA  cases,  it  is  known  that  the  overall
survival rate of these cases is as low as 7.6% (Wang, 2018). For this reason, it was
suggested that the risk of disease transmission should be considered with multiple
factors  in  on-scene  CPR  decisions.  Cho  et  al  from  Korea.  also  stated  that  the
resuscitation  strategies  should  be  revised  rapidly,  and  the  capacity  should  be
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managed  cautiously  in  the  use  of  resources  in  OHCA  patients  (Cho,  2020).

Fig. (1). Steps of Adult CPR in the COVID-19 era (Adapted from AHA).

Resuscitative events in patients with OHCA in New York in the period of boosted
epidemic between March 1 and April 25, 2020, was analyzed (Lai, 2020). A total
of 3989 OHCA patients in this period were compared to 1336 cases resuscitated
in the previous year in the same region. 56% of the total 5325 OHCA cases were
male and the mean age was 71. The incidence of OHCA increased 3 times when
compared to the figures in the previous year. Interestingly, for example, on April
6, OHCA cases boosted 10-fold compared to the previous year.

Mechanical Compression Device (MCD) and CPR: These devices, which have
been discussed extensively in recent years preceding COVID-19 era, come to the
fore  with  the  pandemic.  In  a  study which enrolled  171 patients  with  OHCA in
Korea, it was reported that MCD was performed almost as the standard procedure
in OHCA cases during COVID-19 period (Cho, 2020). Compared to the historical
control group in 2018, the OR value for survival and discharge decreased to 0.51
in  the  COVID-19  period.  Characteristics  of  patients  with  OHCA  in  2020
compared to the previous year are shown in the Table 2. Randomized- controlled,
population-based studies are still needed before drawing firm conclusions on the
benefits with the use of MCD in OHCA.
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Fig. (2). Suggested algorithm for adult ACLS in the COVID-19 era (Adapted from Craig et al, 2020).

Table 2. Features of OHCA cases in the pandemic period compared to the previous year (Lai, 2020).

• Older (mean age 72 vs. 68)

• More from non-white groups (80% vs 67%)

• More hypertensive (53% versus 45%)

• More diabetic (36% vs. 26%)
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• Has more physical limitations (57% vs 47%)

• More commonly presented with asystole (first rhythm detected) (OR: 3.5, p <0.001)

• More PEA (first rhythm detected) (OR: 1.99, p = 0.001)

• Less commonly gained ROSC (18% vs. 35%)

• Less commonly maintained ROSC (10.6% vs. 25%)

In the EMS study in Korea, that the duration of intervention to patients reportedly
increased  from  6  minutes  to  8  minutes  (p  =  0.009)  after  COVID-19,  and  the
duration of stay at the scene increased from 13 minutes to 19 minutes (p <0.001)
(Cho,  2020).  Pre-hospital  epinephrine  administration  and  intubation  rates
increased significantly when compared to the figures in the year 2018. The rate of
CPR with MCD also increased sharply to 78%.

The  procedures  are  as  follows  in  patients  with  OHCA  with  suspected  or
diagnosed  COVID-19

Lay rescuers on scene:

As a general rule, COVID19 should be presumed in every OHCA case.1.
It  is  known  that  lay  rescuers  starting  the  CPR  increases  the  survival.  Thus,2.
'bystanderCPR' should be encouraged in every possible situation.
Lay rescuers have less protective equipment than HCW, so they carry a higher3.
risk of transmission. This risk increases even more with the age of the rescuer
and  comorbidities.  This  risk  is  negligible  when  a  household  member  has
OHCA  because  the  rescuer  must  have  already  taken  the  disease  from  the
patient  (if  any).
Chest compressions: Lay rescuers should at least especially if someone in the4.
household is having OHCA perform “handsonly CPR”, i.e., solely performing
chest  compressions.  If  the  nose  and mouth  are  closed  with  a  face  mask or  a
cloth, the risk of contamination is reduced significantly.
In pediatric OHCA, rescuers should also try to give mouthtomouth breathing.5.
AEDs should be used for defibrillation. It does not convey high risk with regard6.
to infection.

In Ambulance:

Medical  command  (MC):  EMS  personnel  should  question  every  patient  /●

relative in terms of COVID-19 diagnosis or symptoms. 
MC should warn rescuers against COVID-19 transmission and ask them to take●

the necessary precautions before performing CPR. MC should guide them to do

(Table 2) cont.....
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hands-only CPR. 
MC should also warn EMS personnel against COVID-19 transmission and ask●

them to use PPE. 
Relatives of the suspected or diagnosed patient with COVID-19 during transport●

should not be taken to the ambulance. 

If ROSC cannot be restored despite adequate resuscitation on the scene, personnel
can also evaluate withholding announcement of death of the patient on the scene
and not taking him/her to the hospital following communication with MC.

What Does ERC Say For Resuscitation?

According to the resuscitation guide published in April 2020 (Soar, 2020):

Security is a priority. You should keep safety precautions at the highest level for

yourself, ●

your colleagues and people around, ●

your patient. ●

Safe resuscitation is worth the time you spend.

Sequence of action in IHCA status:

Give  a  Blue  Code  or  ask  your  colleagues  for  help  for  any  patient  who  is1.
unresponsive (unconscious) or has an unusual breathing.
Look for signs of life and palpate the pulse. Do not strive for LISTEN / FEEL.2.
Assign someone to bring a defibrillator.3.
If the defibrillator arrives immediately, turn it ON and insert the pads, if you4.
notice  VF  /  PVT,  shock  immediately  after  taking  safety  precautions.  Start
compressions if the patient remains in VF / PVT and you are already wearing
PPE. If  there is  no PPE, wear  the PPE and shock until  somebody comes to
help (if indicated).
If  you  are  using  AED,  follow  orders,  shock  if  indicated,  do  not  start5.
compressions if there is no PPE, wait for someone wearing PPE.
If there is PPE, you can go on both with compressions and advanced airway6.
interventions.
Drive  away  people  who  do  not  have  a  critical  role.  Those  who  exist  must7.
maintain  their  distance  from the  patient,  unless  they  have  mandatory  work,
i.e., intubation.
In cases of arrest without any signs of life, continue with compressions until8.
BVM is brought.
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If you have time before compressions, give O2 with a mask. Continue giving9.
O2 until BVM arrives.
When BVM arrives, maintain compression-ventilation at a 30: 2 ratios. There10.
should be HEPA filter between bag and airway.
Ventilation with BVM should be accomplished by two people and should be11.
completed in a minimal time because it conveys high risk for transmission.
Compressions may be interrupted while performing two ventilations.12.
The most experienced physician should attempt early intubation or insert SGA13.
to minimize BVM duration. VL can be considered to reduce the risk of disease
transmission.
If  “reversible  causes”  that  may  cause  arrest  are  ruled  out,  CPR  can  be14.
terminated earlier than ‘usual’.
MCD can be used as an alternative if CPR is to be extended - especially if the15.
team  possesses  the  main  knowledge  and  is  experienced  in  performing  the
technique.
Be cautious about contamination in removing the PPE.16.

What Should We Do If The Intubated Patient Has A Cardiac Arrest?

Wear PPE.1.
Do not disconnect the ventilator circuit when starting CPR (this will increase2.
the risk of aerosolization).
Increase FiO2 to 100% and set the breathing frequency to 10 bpm.3.
Check that the ventilator and its circuit are intact and well connected, whose4.
deficits may have caused arrest.
If  the  obligation  to  disconnect  from the  ventilator  occurs,  you  may  consider5.
clamping the tube.
Use a viral filter.6.

In-Hospital  Cardiac  Arrest  (IHCA):  When  IHCA  is  considered  in  case  of
suspected  or  diagnosed  COVID-19,  the  procedures  are  as  follows.  These
procedures  are  not  performed  in  patients  known  to  be  COVID-19  (-).
Nevertheless, it would be reasonable to dismiss additional (unnecessary) people
around the patient resuscitated during the pandemic period.

Prearrest Period

Patients with COVID-19 or suspected or their relatives should be discussed on●

the  patient's  condition,  requirements,  and  targeted  level  of  care  with  CPR  /
ACLS from the time of admission. This should be repeated in case of sudden
changes in the patient's condition.
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In order to reduce the need for urgent ETE, the patient's deterioration should be●

monitored  in  advance,  and his  findings  such as  O2  saturation,  respiratory  and
pulse rates (bpm), and blood pressure should be closely monitored.
It may be a good idea to take the patient at risk of IHCA to a negative pressure●

room in advance. Thus, the risks in the intervention can be reduced.

When IHCA Develops

After ETE, MV with HEPA filter should be used.●

Prevent / minimize opening / disconnection of the circuit after closed circuit is●

provided
Set the MV settings to allow asynchronous ventilation. FiO2 is set to 1.0.●

Pressure control ventilation, 6 mL / kg is sufficient for tidal volume.●

Modifications were suggested for COVID-19 era in Adult Advanced Cardiac Life
Support Protocols (Fig. 3).

Adult and pediatric BLS/ACLS guidelines were also modified in accord with the
“Interim Guidance for Basic and Advanced Life Support in Adults, Children, and
Neonates  with  Suspected  or  Confirmed  COVID-19  from  the  Emergency
Cardiovascular  Care  Committee  and  Get  With  The  Guidelines-Resuscitation
Adult  and  Pediatric  Task  Forces  of  the  American  Heart  Association”  (Fig.  3).

Aerosol-creating sources during airway maneuvers are listed in Table 3.

Emergency Airway Interventions During the COVID-19 Period

In  order  to  prevent  the  transmission  of  viruses,  it  is  recommended  that  early
intubation and a closed-circuit system with viral filter are started early to provide
safe airway (AHA guidelines)

Table 3. Sources That Create Aerosols During Airway Management.

Aerosol-inducing interventions and
events

- Coughing / sneezing / expectoration
- Inadequate seal in NIV or PPV procedures (best seal is provided

by tracheal intubation with a cuff)
- High flow nasal oxygenation, HFNO)

- Jet ventilation
- Administration of nebulized medication with simple face mask

- CPR (in non-intubated patient)
- Tracheal extubation
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Procedures with a high risk of aerosol
generation

- Tracheal suction (without using closed circuit)
- Laryngoscopy

- Tracheal intubation
- Bronchoscopy / gastroscopy

- Interventions in the anterior cervical area such as tracheostomy
and cricothyroidotomy

In cases where this cannot be achieved, any airway intervention will be risky. For
example, in the NIV or PPV interventions that are commonly performed in COPD
and  CHF  cases,  failure  to  provide  a  good  seal  causes  transmission  by
aerosolization. The best seal is provided by tracheal intubation, which is followed
by  supraglottic  devices,  while  the  situation  with  the  highest  risk  is  the
performance  of  NIV  or  PPV  via  mask  (open  system)  (Brewster,  2020).

Is There any Difference in RSI / Rapid Sequential Intubation Application?

Yes. When sedative and muscle relaxant agents are given more than the usual●

doses, more robust and expedient management is accomplished. For example,
rocuronium 1.5 mg / kg can be administered for a net muscle relaxant effect.

What will we Do Before the Procedure for a Patient Who is Coughing and
Who May Succumb to Respiratory Failure?

Full use of PPE before close contact with the patient.●

Minimize the time it takes to remove the patient's mask and apply a mask with a●

viral filter and closed-circuit system.
Check if the viral filter mask provides a good seal (also check the mask tight-●

fitting the face before the attempt, even if only an estimate)
Providing  complete  muscle  relaxation  in  rapid  sequence  intubation  (RSI)●

application,  which  will  prevent  waste  of  time.  Similarly,  agitation  should  be
prevented as quickly as possible.
Management of extubation (if necessary).●

What can we Do to Ensure Mask Seal in Pre-oxygenation?

Learn and apply “C-E” or “V-E” grip (Figs. 4A and B) ●

Perform manual bagging with a high-quality bag that easily collapses●

- Close monitoring of oxygenation and CO2 clearance (e.g., via pulse oximetry●

and  ETCO2  probes),  which  will  enable  real-time  warning  for  achievement  of
desired level of pre-oxygenation, so that overprocessing is prevented.

(Table 3) cont.....
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Fig. (3). Some modifications have been recommended for Adult Advanced Cardiac Life Support Protocols
amid COVID-19. Intubation and closed-circuit ventilation have gained priority and high-risk operations have
been postponed.
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Avoid Attempting PPV without A Good Seal!

What if mandatory?

-  Use  at  least  a  second  generation  supraglottic  device  (seal  pressures  are1.
higher).  Make  sure  that  this  is  a  device  fitting  the  patient,  the  cuff  is  well-
inflated, and the depth is sufficient.
- ETI is a better option. In this, it is important that the cuff is below the cords2.
and well inflated and fixed.
-  Ventilation  pressures  should  be  kept  to  a  minimum  to  ensure  adequate3.
oxygenation.
-  Optimal  paralysis  and  deep  sedation  should  be  achieved  to  preclude  time4.
losses and combat phenomenon.
- Airway pressures should be monitored with a manometer.5.

Fig. (4). (A/B). Drawing shows bagging via bimanual “vice grip”.

Videolaryngoscopy (VL)

ETI  can  be  employed  if  the  tube  is  immediately  ready  at  the  planned  point.  If
more  than  one  VL  device  is  available,  one  should  be  reserved  for  COVID-19
patients.

Disposable  VL  blades  should  be  used  and  disposed  of  when  the  procedure  is
completed.
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Aspiration

Unplanned, emergency and pre-hospital emergency airway management 1.
These  are  situations  that  pose  a  great  risk  to  HCW  in  many  emergencies,2.
including  cardiac  arrest.  HCW  should  commence  CPR  immediately  while
protecting  themselves  at  the  highest  possible  level.
Cardiac compressions should not start without donning full PPE.3.
The number of people / employees in the resuscitation bay should be kept to a4.
minimum. No one should be taken into the room without the PPE - including
the hospital manager and the prime minister.
The  physician  should  avoid  close  contact  with  the  patient  (especially5.
respirations) as much as possible - (e.g., lung auscultation)
All  measures  should  be  taken  to  protect  the  first  responders  during  the6.
compressions.
Hands-only CPR can be performed until the airway stabilization is achieved7.
with the use of viral filter.
Early and expedient ETI should be performed.8.
SGD placement is a better option than a face mask, especially during cardiac9.
compressions.
Performance of PPV via face mask should be avoided as much as possible.10.

What Can We Do Else?

In a new publication from the US Navy, a safer route was proposed in regard to
transmission in pre-hospital emergency intubations (Kinney, 2020).

Case Report

A 75-year-old male patient  underwent CPR in the ambulance after  a  call  made
because  he  had  cardiac  arrest.  In  the  system presented  as  “Rapid  outdoor  non-
compression  intubation  (RONCI)”,  viral  filter,  endotracheal  tube  (ETT),  bag-
valve-mask,  inline  suction  (aspiration)  is  made  ready  beforehand  (Fig.  5).  It  is
also used with VL.

Procedure:  After  the  patient  is  brought  to  the  emergency  room  with  CPR,
compressions  are  interrupted  instantly  and  ETT  was  placed  and  the  cuff  was
inflated.  It  was  connected  to  the  viral  filter.  CPR was  continued  and  the  lungs
were ventilated with BVM. In this way, the risk of transmission was minimized.
In  this  case,  airway  was  secured  with  a  15-second  interruption  of  CPR.  In  the
detailed history, it was learned that the patient had flu-like complaints for 3 days.

In theory, it is known that viral infection is minimized by inflating the cuff and
connecting to the viral filter.
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PPE should also be complete.●

Ambulance  stretcher  should  be  adjusted  to  the  height  to  be  switched  to●

intubation immediately.
It is necessary to ventilate the intubated environment very well.●

It  is  also  important  that  there  are  no  'unnecessary'  people  in  the  environment●

who do not have any critical task.
The  RONCI  technique  adds  to  these  rules  as  a  plus,  the  compressions  are●

inflated with minimal breaks in intubation and the filter connection is prepared
before the patient is admitted into the emergency room.
The fact that PPE makes it difficult for interpersonal communication when it has●

to be worn due to pandemics renders it necessary to prepare everything as much
as possible.
The first pass success should be the highest, thus it is important that the senior●

emergency HCW intubates the patient.

Fig. (5). Viral filter, endotracheal tube (ETT), bag-valve-mask, inline suction (aspiration).

What If We Cannot Succeed With It?

If successful intubation does not occur in 10-15 seconds with RONCI, it should
not  be tried again,  CPR should be performed,  and oxygen saturation should be
risen by ventilating the patient and then retried. At this stage, SGD can also be
considered as an alternative.
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HYDROXYCHLOROQUINE AND CARDIAC ADVERSE EFFECTS

Hydroxychloroquine (HCQ) is one of the disease-modifying antirheumatic drugs,
a  powerful  agent  that  prevents  inflammation  exacerbations  and  tissue  damage.
HCQ and Chloroquine (CQ) are considered as immunomodulators (Ruiz-Irastorza
et al, 2010). The chemical structure of HCQ is very similar to CQ; it is exactly the
same except for an additional hydroxyl molecule at the terminal site.

Both agents inhibit receptor binding and membrane fusion, which are the essential
steps required for cell entry by SARS-CoVs. Impaired terminal glycosylation of
ACE2  can  reduce  the  binding  efficiency  between  ACE2  and  the  SARS-CoV
spike-protein  (S)  in  host  cells.  Thus,  the  virus  is  prevented  from  binding  to
receptors  on  cells  and  the  development  of  infection  is  prevented.  Following
entrance of HCQ and CQ into a cell, both are concentrated in low-pH organelles
such as endosomes, Golgi vesicles, and lysosomes. As the virus uses endosomes
as  its  cellular  entry  mechanism,  increasing  the  pH  of  the  endosomes  with  CQ
therapy has a negative effect on the fusion process of the virus and the endosome.
Inhibition of SARS-CoV spread has been observed in cells treated with CQ before
or after infection, suggesting both the prophylactic and therapeutic advantages of
CQ in combating SARS (Vincent et al, , 2005).

Nausea/vomiting and diarrhea are the most common side effects of CQ and HCQ.
Long-term exposure to CQ can also cause serious side effects such as retinopathy,
cardiovascular  disorders,  and  cardiomyopathy  (Schrezenmeier  et  al,  2020).
Nonetheless, considering its safety profile during pregnancy, HCQ rather than CQ
is a potential therapeutic solution for these patients (Izmirly et al, , 2012; Lisney
et al, 2017).

In Summary, HCQ is Thought to be a Better Therapeutic Option Than CQ in the
Treatment of COVID-19 Infection. There are Three Main Reasons for this:

- HCQ attenuates the severe progression of COVID-19 via inhibition of cytokine
storm and reduction of CD154 expression in T cells.

-  HCQ  can  provide  a  similar  antiviral  effect  in  pre-  and  post-infection  stages
found with CQ.

- HCQ has fewer side effects, safe during pregnancy.

In a study coordinated by the University of Méditerranée in Marseille, COVID-19
patients  older  than  12  years  were  divided  into  two  groups:  24  as  the  HCQ
treatment group and 24 as the control group (Gautret et al, 2020). In the treatment
group, 200 mg HCQ 3 times a day for 10 days and additional azithromycin (AZT)
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were used if necessary. It was found to be highly and significantly effective in the
clearance of the nasopharyngeal viral load measured by RT-PCR within just 3 to 6
days  in  the  treatment  group  when  compared  to  the  untreated  control  group.  A
higher  SARS-CoV-2  clearance  rate  was  noted  after  six  days  of  treatment  with
either  HCQ alone  or  HCQ +  AZT (70% versus  12%;  p<0.001).  AZT added  to
HCQ  has  also  been  reported  to  be  significantly  more  effective  for  virus
elimination.  Of  note,  the  combination  of  HCQ  and  AZT  showed  a  synergistic
effect on viral clearance. Addition of AZT to HCQ may increase the risk of QTc
prolongation.

HCQ is administered orally for 5 to 10 days at the time of diagnosis or high index
of suspicion, 400 mg after 12 hours, 2x200 mg up to the following 5 days. In case
of  It  is  contraindicated  in  those  with  myasthenia  gravis,  porphyria,  retinal
diseases,  epilepsy and if  QTc> 500 ms, (Interim Clinical Guidance for Patients
Suspected  of  /  Confirmed With  COVID-19 in  Belgium.16 Mars  2020;  Version
3.).

HCQ and Cardiac Adverse Effects, Ventricular Arrhythmias

In  the  treatment  of  COVID-19  infection,  when  HCQ  is  used  alone  or  in
combination with azithromycin, there is a risk of prolongation of the QT interval
and ventricular arrhythmia in the ECG. QT prolongation is a predictor of torsades
de  pointes  (TdP)  and  therefore  VT.  Female  sex,  structural  heart  diseases,
congenital long QT syndromes, electrolyte disorders, hepatic / renal failure, use of
QT prolonging drugs are the main factors that increase the risk of drug induced
TdP. In accord with the classification published by Tisdale in 2013 and used to
predict patients with drug-induced QT prolongation, a total score of ≤ 6 represents
low risk, 7 to 10 medium risk, and the score ≥ 11 is high risk (Table 4) (Tisdale et
al,  2013). In the study, the specificity and NPV value of being in the moderate
risk group in predicting QT prolongation was found to be 88%. Sensitivity is 67%
in the medium risk group and 74% in the high-risk group.

The QT intervals of patients who were treated with HCQ / AZT due to COVID-19
was  examined  in  the  study  conducted  in  France  (Bessière  et  al,  2020).  Forty
patients  with  normal  QTc  found  before  treatment  were  included  in  the  study.
Eighteen  (45%)  of  them were  treated  with  1x  250  mg AZT +  2x200  mg HCQ
daily and 22 patients received only 2x 200 mg HCQ. Prolonged QTc was detected
in 14 patients (36%) while the treatment was ongoing, between the 2nd and 6th
days;  however,  no  ventricular  arrhythmia  including  TdP  was  observed.  A
prolongation of  QTc was  observed in  6  (33%) of  18 patients  in  the  first  group
treated with HCQ + AZT and in 1 (5%) of 22 patients in the second group treated
with HCQ alone (p = 0.03, p = 0.03).
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Table  4.  Risk  scoring  system  published  by  Tisdale  in  2013  with  respect  to  drug  related  QTc
prolongation.

Risk Factors Score

Age ≥ 68 1

Female sex 1

Use of loop diuretics 1

Serum K+ ≤ 3,5 mEq/L 2

QTc ≥ 450ms on presentation 2

Acute myocardial infarction 2

Use of ≥ 2 drugs that prolongs QTc 3

Sepsis 3

Heart failure 3

Use of one drug that prolongs QTc 3

Total score 21

Patients should be routinely screened with ECGs before starting CQ, HCQ and
AZT since  these  drugs  have  the  potential  to  prolong  QTc.  Concomitant  use  of
other drugs known to prolong the QTc interval (anti-arrhythmic, anti-depressants,
anti-psychotics, antihistamine, teneligliptin, ondansetron, and moxifloxacin etc.)
should be avoided.

The most comprehensive study ever conducted on the treatment efficacy of HCQ
in COVID-19 is the one by Rosenberg et al, (Rosenberg et al, 2020). In the multi-
center study conducted on cases hospitalized due to COVID-19 between 15th and
28th March 2020 in 25 hospitals looking at 88.3% of COVID-19 cases in New
York, 1438 patients were included and divided into four groups (Table 5).

Hospital mortality rate was 20.3% in the whole group (95% CI, 18.2% to 22.4%).
The most frequently reported adverse reactions in all groups were abnormal ECG
findings and arrhythmias. Arrhythmias and ECG findings were more common in
patients  who  received  HCQ  than  other  drugs.  However,  this  finding  was  not
confirmed  in  logistic  regression  models.  Cardiac  arrest  (15.5%)  and  abnormal
ECG findings (27%) in patients who received HCQ + AZT were similar to those
who received only HCQ (13.7% and 27.3%), but higher than those who received
only AZT (6.2% and 16%) (Rosenberg et al, 2020).
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Table  5.  Study  groups,  number  of  patients,  treatments,  and  patient  mortality  rates  at  the  end  of
treatment (Adapted from Rosenberg et al, 2020.

Groups # of Patients and
Percentages (n/%)

Treatment Cardiac Arrest and
ECG Abnormality (%)

Mortality at the end
of Treatment (n/%)

1. group 271 / 18.8 HCQ 13,7 / 27,3 54 / 19,9

2. group 211 / 14.7 AZT 6,2 / 16,1 21 / 10,0

3. group 735 / 51.1 HCQ + AZT 15,5 / 27,1 189 / 25,7

4. group 221 / 15.4 None of the study
drugs were used

6,8 / 14,0 28 / 12,7

Total 1438 / 100 292 / 20,3

The findings of this study sparked distrust about what is known about HCQ. This
situation, which contradicts the results of previous studies, suggests that the use of
HCQ  in  the  treatment  of  COVID-19  patients  may  be  unnecessary,  as  well  as
adversely affecting the patient's survival rates.

Value  of  ECG  monitoring  in  patients  with  COVID-19:  These  patients  are
exposed to risk of cardiac damage caused by both direct effects of the disease on
the heart and also by the toxicities of the drugs used in the treatment. Comorbid
situations mostly pose a third factor, especially with the advancing age (Fig. 6).

QT  prolongation  and  COVID-19:  CQ,  HCQ  (Zhou  2020,  Gao  2020),  AZT
(Gautret, 2020) which takes place among the agents in the treatment of COVID-
19, and antivirals (Wang 2020, Beck 2020) are often blamed for this phenomenon.
Cardiotoxic  agents  used  in  the  treatment  of  comorbid  problems  such  as
amiodarone, electrolyte abnormalities that develop secondary to diuretic use, can
lead to rhythm disturbances which are further exacerbated by malnutrition.

Jain et al, from Yale examined 2006 ECGs obtained in 524 patients and recorded
QT prolongation  (QTc> 470 ms or  QTc> 500 ms when QRS> 120 ms)  in  103
patients (19.7%) (Jain, 2020). Patients with QT prolongation are on average 68
years  old,  62% male,  whose  mean  QTc  is  507  ms  and  the  average  BMI  is  28.
More than half (59%) have hypertension and nearly half have diabetes.
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Fig. (6). Flowchart for QTc monitoring.

Patients with QT prolongation necessitated a higher rate of intubation than others
and were hospitalized in intensive care units more commonly. Among the drugs,
only  tocilizumab use  is  more  frequent  in  the  group  with  QT prolongation  than
those  without  (62%  versus  80%).  Torsade  de  pointes  or  other  life-threatening
ventricular dysrhythmias were not observed, while only one patient with previous
STEMI developed monomorphic VT.

COVID-19 AND RESPIRATORY FAILURE (RF)

Case presentation

52 y. male patient had been taken into isolation at home for 8 days due to fever
and  cough  that  had  risen  from  time  to  time.  He  was  brought  to  the  ED  by
ambulance  due  to  the  increase  in  respiratory  distress  in  the  last  two  days.

He  can  speak,  but  his  respiratory  rate  is  24  bpm.  Peripheral  O2  saturation  was
72%, which increased to 90% with the supplementation of O2 (4 L/min). He has
no fever; his cardiovascular examination is normal except for mild tachycardia.

Almost all patients who worsen with the diagnosis of COVID-19 develop acute
type 1 RF. NIV is necessary in around 14% of all patients (Wu, 2020).
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Preliminary indicators of RF development:

increased respiratory rate,●

not being able to speak with long sentences,●

use of adjunctive inspiratory muscles,●

hypoxemia,●

need for additional oxygen supplementation.●

Mechanism: Some researchers state that RF is actually triggered primarily by the
pulmonary  vascular  injury  and  dysregulation  and  the  resultant  disordered  gas
exchange. Some patients recover within days / weeks after this stage. Those who
get  worse  develop ARDS after  this  critical  point.  Diffuse  alveolar  damage and
inflammatory  edema  develops  which  in  turn,  progresses  to  intubation  and
mechanical ventilation. Multifocal ground glass opacities and consolidations are
shown in Fig. (7).

Fig.  (7).   Chest  X-ray  and  simultaneous  thoracic  tomography  of  a  patient  with  severe  COVID-19  who
eventually developed RF. Multifocal ground glass opacities and consolidations are visualized.

Algorithm  for  the  patients  with  acute  RF  in  the  COVID-19  era  is  depicted  in
Algorithm 1 .

ARDS in COVID-19

COVID-19 mainly affects the respiratory system with significantly less injury to
other organs. Alveolar epithelial cell injury was the primary cause of COVID-19-
related  ARDS,  and  endothelial  cells  were  less  damaged  with  therefore  less
exudation  (Li,  2020).
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Many  researchers  pointed  out  that  the  development  of  ARDS  in  those  with
COVID-19 infection is a crucial factor for outcome. Histopathological hallmarks
are  diffuse  alveolar  damage  caused  by  direct,  viral  cytotoxic  effects  on
pneumocytes,  and a concurrent  inflammatory reaction.  cytokine storm is  also a
pathophysiological factor in development of ARDS (Ruan, 2020).

First  of  all,  ARDS  develops  in  a  more  severe  group  of  patients  with  worse
physiological reserves than others. Those with ARDS had preexisting respiratory
diseases  more  commonly  than  patients  without  ARDS  (58%  versus  42%)  and
were  more  commonly  overweight  or  obese  (83%  versus  42%)  (Dreher,  2020).
They are also characterized by persistently elevated inflammatory markers such as
IL-6 and CRP.

Algorithm 1.  Scheme for the patients with acute RF in the COVID-19 era NC: nasal cannula, AMS: altered
mental status, ABG: Arterial blood gas.
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Studies indicated that the reported incidence of ARDS in patients with COVID-19
was 16% to 30%, higher than that  of other organ injuries (Huang, 2020; Chen,
2020; Wang, 2020; Guan, 2020; Zhou, 2020).  The same research cited that  the
most  frequent  respiratory  symptom of  COVID-19  is  dry  cough  (60% to  80%).
Sputum production is noted less commonly.

The typical CT findings of COVID-19 showed bilateral ground-glass opacities
with  a  peripheral  distribution  (Chung,  2020).  These  images  should  not  be
misdiagnosed as ARDS, despite the presence of consolidation and exudation in
both  entities.  ARDS  is  a  condition  associated  with  many  disease  processes,
resulting  in  reduced  lung  compliance  and  severe  hypoxemia  (Dreher,  2020).

Lung ultrasound score  (LUSS) was put  forward by Dargent  et  al,  to  describe
and  monitor  extension  and  severity  of  lung  infiltrates  numerically  with  a
reproducible  and  validated  tool  (Dargent  et  al,  2020).  They  reported  that  there
was a good agreement between CT-scans and LUSS as for the presence of lung
consolidations.  LUSS  monitoring  accurately  reflect  disease  progression  and
indicates  potential  usefulness  for  the  management  of  COVID-19  patients  with
ARDS. It  might help with early recognition of ventilator-associated pneumonia
(VAP), weaning from MV, and potentially reduce the need for X-ray and CT.

Based on current  reports  in  the management  of  COVID-19-related ARDS, it  is
remarkable  that  there  are  substantial  differences  between  COVID-19-related
ARDS  and  ARDS  caused  by  other  factors  as  defined  by  Berlin  criteria,  and
therefore  differences  in  treatment.

Management Protocols for RF in COVID-19

In  terms  of  management  in  the  ICU,  a  majority  of  these  patients  warrant  a
complex ventilation strategy including prone positioning (PP) and, in some cases,
ECMO.

Hypoxemic RF in ARDS generally results from intrapulmonary V-P mismatch or
shunt  and  usually  prompts  management  with  MV.  HFNO reduces  the  need  for
endotracheal intubation in ARDS patients (Ou et al, 2020). WHO recommended
that HFNO should only be used in selected patients with hypoxemic respiratory
failure (WHO, 28 January 2020). Studies indicated that HFNO is more suitable
for patients with mild ARDS.

Corticosteroids  (CST)  are  considered  a  promising  treatment  for  ARDS,
especially  those  with  severe  disease,  because  of  their  efficacy  in  alleviating
inflammation  and  fibrosis.  However,  the  use  of  CST  in  ARDS  patients  is  still
controversial,  thus  management  with  CST  is  the  only  pharmacological
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intervention that may mitigate death rates in the course of COVID-19. Previous
reports  indicated  that  treatment  with  methylprednisolone  were  associated  with
shorter periods of need for invasive MV and reduced mortality in patients with
ARDS  (Meduri,  2018).  In  a  recently  published  systematic  review  and  meta-
analysis,  Ye  et  al,  demonstrated  that  CST  infusion  may  reduce  mortality  in
patients  with  severe  COVID-19  and  ARDS  (Ye,  2020).

The use  and efficacy of  CST is  further  discussed in  the  Chapter  “Principles  of
Treatment”.

Salvage Use Of Tissue Plasminogen Activator (TPA) in The Setting Of Ards
Due To COVID-19

In a well-designed analytic study for decision making in the patients in extremis,
Choudhury  et  al,  assigned  patients  with  COVID-19  to  either  of  two  groups,
50.000 patients each, to simulate the life critically ill COVID-19 patients as they
transitioned to either recovery or death (Choudhury, 2020). Critically ill COVID-
19 patients were defined as having a refractory PaO2/FiO2 of < 60 mmHg (salvage
use  criteria).  They  reported  that  the  ‘salvage’  use  of  tPA  was  associated  with
reduced mortality (47.6% [tPA] vs. 71.0% [no tPA]) for base case patients. They
concluded  that  salvage  use  of  tPA  may  improve  recovery  of  ARDS  patients,
thereby reducing COVID-19-related mortality and ensuring sufficient resources to
manage this pandemic.

Resuscitation in the Prone Position (PP)

Severe  COVID-19  patients  are  known to  have  improved  oxygenation  with  PP.
Although most of these patients are intubated, PP may also be beneficial in those
who are not intubated. If the non-intubated patient is arrested while in PP, they
should be turned supine immediately, and then CPR should be comenced. If the
intubated patient has cardiac arrest, CPR can be started immediately by pressing
the back. Some perfusion is achieved in this way until the patient is turned supine
(Fig. 8).

Procedure steps for PP CPR:

All rescuers must don PPE.1.
Apply the usual amount of pressure and depth to the middle of the scapulae.2.
(5-6 cm and approximately twice a second)
Turn the patient supine if:3.
Ineffective compression: If there is arterial invasive monitoring, and a value of4.
more than 25 mmHg could not be achieved in diastolic BP,
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In need of intervention requiring the patient to be supine (e.g., airway control),5.
if circulation was not immediately restored within minutes6.
Additional assistance will be required to turn the patient supine; you should7.
plan ahead.
How to place the defibrillator paddles in the PP:8.
Anterior-posterior, or9.
Bi-axillary10.
It has been demonstrated in various studies in the recent decade that PP has a11.
beneficial effect on survival in severe ARDS (Gattinoni, 2010; Guerin, 2013).

Fig. (8). Proposed mechanisms for efficacy of prone ventilation.

The  efficacy  of  PP  is  probably  most  likely  related  to  the  homogeneous
distribution of alveolar aeration. In addition, ventilator-associated lung injury is
mitigated  with  PP,  and  stress  and  strain  during  these  procedures  are  reduced.
Meta-analyzes showed that mortality was reduced by 10% with PP, especially in
patients with severe hypoxaemic ARDS (baseline PaO2/FiO2 <100 mmHg) (Sud,
2010). Of note, PP also increased PaO2/FiO2 ratio by 27-39%. It is also clear that
the ICU mortality in ARDS is also decreased with PP (Abroug, 2011). In 2017,
Scholten et al, reported that PP, which was initiated early and applied 16 hours a
day by experienced HCW, would increase survival in patients with severe ARDS
(Scholten, 2017).
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Despite everything, the reasons why PP is not applied much in cases with ARDS
or other treatments are the need for additional staff and resource use, procedure
difficulties,  accidental  extubation,  vascular  access,  and  the  need  to  arrange
adjuncts  such  as  drains.

What happens when the patient is converted to PP? It has been noted that peak
and  plateau  airway  pressures  may  decrease  rapidly  after  converting  to  PP.
Decrease  in  chest  wall  compliance  and  mobilization  of  secretions  may  be  the
reasons for this. An average increase of 10 mmHg is recorded in PaO2. Beginning
from the first hour of PP, signs of lung recruitment are seen, that is, a decrease in
plateau pressure is recorded with the same tidal volume (Fig. 9).

Fig. (9). Diagram showing that the PP affects the survival favorably in ARDS patients undergoing PEEP. The
horizontal axis shows the days, the vertical axis the probability of survival.

As  a  result,  it  was  revealed  in  the  study  that  patients  with  ARDS  and  severe
hypoxia were initiated early and benefited from the PP maintained for a long time
(Guerin, 2013).

Who are not Suitable for PP? (contraindications)

Those with acute bleeding, requiring immediate intervention1.
Those in shock, prearrest condition2.
Increased intracranial pressure or decreased cerebral perfusion3.
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Pregnancy4.
Spinal instability5.
Trauma, multiple fractures, femur, vertebra, or facial fractures6.

Common Complications of PP

Nerve compression such as the brachial plexus1.
Extubation2.
Venous stasis3.
Pressure sores4.
Crush injury5.
Vomiting, arrhythmias6.

However, the data for use in CPR is scarce. The data flow that started with the
case series in which 10 out of 22 patients survived with PP in the 2000s (Brown,
2001) continued with larger studies. It has been reported that systolic and mean
arterial pressure is higher in PP- CPR (Mazer, 2003; Wei, 2006).

The  role  of  PP-  CPR  should  be  evaluated  differently  in  intubated  and  non-
intubated  patients.  In  the  patient  who  is  monitored  intubated  and  prone,  CPR
should first be started prone, and the decision to turn the supine should be made
only due to the decrease in pressure in clinical, arterial invasive monitoring and
decreases in ETCO2.

Pearl:  In  non-intubated  patients  with  COVID-19,  defibrilation  should  take
priority, as the personnel wearing PPE when witnessing cardiac arrest may delay
crucial  steps  in  CPR.  Ideally,  in  the  departments  where  patients  with  a  high
probability of arrest are monitored, a full PPE donned beforehand will minimize
these  risks,  and  interventions  including  intubation  will  be  performed  more
quickly.

Turning  to  PP  is  a  critical  decision,  when  the  intubation  tube  should  be
clamped, and the optimal procedure should be managed by experienced people so
that both the patient and the surrounding healthcare professionals are not injured.

In an article published in May 2020, Barker et al, stated the need for a guideline
on  CPR  while  intubated  and  non-intubated  patients  in  PP  under  COVID-19
pandemic  conditions  (Barker,  2020).

Pearl: In AHA guidelines, PP is stated as Class IIb, (C level of evidence) which
can be performed as a recommendation after securing permanent airway for the
patient. It can be used in intraoperative arrests, but it is not recommended for the
lay  person  in  any  arrests  in  or  out  of  hospital.  Providing  sternal  support  was
reminded during the application.
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Team play to practice and the effects of the prone position on lung ventilation and
gas exchange are shown in Figs. (10A and 10B).

Fig. (10A). “Proning” on the resuscitation bay requires a team management.

Fig. (10B). Schematization showing the effects of the prone position on lung ventilation and gas exchange.

COVID-19 can lead to lethal consequences, especially RF and ARDS. There are
currently no recommended specific treatments for the group with severe COVID-
19,  therefore,  supportive  treatment  is  essential.  Expedient  recognition  and
decisions  for  aggressive  measures  such  as  permanent  control  of  airway  and



Critical Care in COVID-19 Demystifying COVID-19   329

positive-pressure ventilation, along with CST and t-PA administration, should be
evaluated  using  certain  selection  criteria.  PP  is  mostly  associated  with  a  more
favorable outcomes than supine position in selected cases. Physicians and other
team members should be trained on the procedure and be prepared for emergency
need for such maneuvers in the resuscitation bay.

MANAGEMENT  OF  SHOCK,  SEPSIS,  RESPIRATORY  FAILURE  AND
ARDS

IV Hydration

Fluid and electrolyte balance of the patient hospitalized due to COVID-19 should
be evaluated. If there is a fluid or electrolyte deficiency, replacement therapy is
administered  along  with  maintenance  therapy.  Physiological  variables  such  as
heart  rate,  blood  pressure,  respiratory  rate,  body  temperature  and  urine  output
should be closely monitored throughout the hospitalization period (The 3/4/2020
Chinese  Health  and  Public  Health  Ministry  Guideline  on  Novel  Coronavirus
Disease  (COVID-19)  Diagnosis  and  Treatment  (Revision  #  6)).  Conservative
fluid therapy should be preferred in patients with ARDS caused by sepsis, unless
there are signs of hypoperfusion (Rhodes et al, 2017).

In adult patients with fluid deficit caused by sepsis, at least 30 ml / kg isotonic
crystalloid (normal saline or Ringer's lactate) is administered for resuscitation in
the first 3 hours. Most patients need 4-6 L of fluid infusion in the first 6 hours. In
children, on the other hand, 20 ml / kg bolus and 40-60 ml / kg in the first hour are
given  rapidly.  Hypotonic  crystalloids,  starches  or  gelatins  are  not  used  for
resuscitation  (Lamontagne  et  al,  2016).  It  has  been  found  that  excessive  fluid
treatment in sepsis impairs respiratory functions, causes organ hypoperfusion by
increasing intra-abdominal pressure, triggers coagulopathy, increases the risk of
cerebral  edema,  and  consequently  increases  mortality.  Therefore,  unnecessary,
and excessive fluid replacement should be avoided in these patients (Rhodes et al,
2017).

In adult patients for fluid deficit resuscitation caused by septic shock, at least 30
ml / kg isotonic crystalloid (normal saline or Ringer's lactate) is administered in
the first 3 hours. Most patients need 4-6 L of fluid support in the first 6 hours. In
children, on the other hand, 20 ml / kg bolus and 40-60 ml / kg in the first hour are
given  rapidly.  Hypotonic  crystalloids,  starches  or  gelatins  are  not  used  for
resuscitation  (Lamontagne  et  al,  2016).  It  has  been  found  that  excessive  fluid
treatment in sepsis worsens respiratory functions, causes organ hypoperfusion by
increasing  intra-abdominal  pressure,  leads  to  coagulopathy,  increases  the
tendency  of  cerebral  edema,  and  consequently  increases  mortality.  Therefore,
unnecessary fluid replacement should be avoided in patients with this condition.
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Management  of  patients  with  renal  insufficiency  should  focus  on  nutritional
support such as body fluids, acid-base and electrolyte balance, including nitrogen
balance.  “Continuous  renal  replacement  therapy”  (CRRT)  can  be  used  in  this
context. Indications for CRRT are hyperkalemia, acidosis, pulmonary edema or
fluid  overload,  and  fluid  management  in  case  of  multiple  organ  dysfunction
(Diagnosis  and  Treatment  Protocol  for  Novel  Coronavirus  Pneumonia.Trial
Version  7).

Vasopressors

If  there  is  no response  to  fluid  loading and signs  of  fluid  overload ensue (e.g.,
jugular  venous  distension,  rales  in  lung  auscultation,  pulmonary  edema  in
imaging, or hepatomegaly in children), fluid administration should be reduced or
stopped (Lamontagne et al, 2016).

Pearl:  If  COVID-19  infection  is  suspected  or  present,  and  the  mean  arterial
pressure (MAP) cannot be kept above 65 mmHg with intravenous (IV) hydration
and lactate cannot be maintained below 2 mmol / L, vasopressor support should
definitely be initiated.

The  first  option  should  be  norepinephrine.  The  infusion  dose  is  0.1-0.15
mcg/kg/min. The maximum dose used in refractory shock is 0.5-0.75 mcg/kg/min,
and  it  may  rarely  need  to  be  titrated  up  to  3.3  mcg/kg/min.  In  cases  where  an
adequate response is not elicited, epinephrine 0.014 mcg/kg/min or vasopressin
may be added. Low dose vasopressin is not recommended.

Pearl: If the patient has signs of myocardial dysfunction or hypoperfusion despite
MAP> 65 mmHg and normovolemia is demonstrated, a positive inotropic agent
should be added to vasopressor therapy.

Dobutamine is the first choice and is administered at a dose of 2-20 mcg/kg/min.
Milrinone can also be used as an alternative to increase short-term cardiac output
to maintain organ perfusion in cardiogenic shock resistant to other agents (Rhodes
et al, 2017; Levy et al, 2018).

Recognition of septic shock in children: Hypotension (systolic blood pressure
(SBP) <5th percentile or> 2 SD below normal for age) or 2 or 3 of the following:
altered mental status; bradycardia or tachycardia (heart rate <90 / min or> 160 /
min  in  infants  and  <70  /  min  or>  150  /  min  in  children);  hot-red  skin  with
prolonged capillary refill (> 2 sec) or strong pulsation (vasodilation); tachypnea;
mottled  skin  or  petechial  or  purpuric  rash;  elevated  lactate;  oliguria;  hyper-  or
hypothermia (Martinez, 2020).
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It is preferred that vasopressors be administered via central venous catheters. If a
central venous catheter is not available, it  can be administered through a large-
bore catheter in a peripheral vein. Extravasation and signs of local tissue necrosis
should  be  closely  monitored.  Vasopressors  can  also  be  administered  via
intraosseous  route  (Loubani  et  al,  2015).

Respiratory Support

a)  Monitor SaO2  closely:  If  the  oxygen (O2)  saturation is  ≤  93%, adequate  O2
support  needs  to  be  provided  with  a  face  mask  or  high  flow  nasal  oxygen
treatment (HFNOT). You can also consider a 2/1 mixture of hydrogen (H) / O2 (H
/ O2: 66.6% / 33.3%). The patient should be intubated and mechanically ventilated
if low O2 saturation or relevant symptoms do not improve within 1-2 hours with
noninvasive positive pressure ventilation with high flow O2 procedure, or if the
patient  deteriorates  (The  3/4/2020  Chinese  Health  and  Public  Health  Ministry
Guideline on Novel Coronavirus Disease (COVID-19) Diagnosis and Treatment
(Revision # 6)).

b) Invasive Ventilation: Patients with ARDS, especially young children, obese
or  pregnant,  can  desaturate  rapidly  during  intubation.  Give  oxygen  with  100%
FiO2 5 minutes in advance with a face mask with a reservoir bag, bag-valve mask,
HFNOT  or  non-invasive  ventilation  (NIV).  It  is  appropriate  to  perform  rapid
sequence  intubation  (RSI)  after  airway  evaluation  (Diagnosis  and  Treatment
Protocol for Novel Coronavirus Pneumonia.Trial Version 7). Sedation and muscle
relaxants  should  be  used  in  a  timely  manner  to  avoid  patient-machine
asynchronization. If necessary, closed suction (vacuum) can be used depending on
the condition of the airway secretions.

Indications of Intubating The Patient With COVID-19 Infection

If the patient has cardiac arrest,1.
If the airway is in danger,2.
If a patient with a respiratory rate of> 30 / min or SaO2 <93% and PaO2 / FiO23.
<300  mmHg,  gradually  gets  worse  despite  HFNOT  or  continuous  positive
airway  pressure  (CPAP)  is  administered  for  at  least  2  hours,

During Mechanical Ventilation

Low  tidal  volume  ventilation  approach  should  be  employed  (6-8  ml/kg  ideal●

body weight)
Use  low  airway  plateau  pressure,  ≤30  cmH2O  to  reduce  ventilator-induced●

pulmonary barotrauma.
While maintaining the airway plateau pressure ≤ 30cm H2O, high “positive end●
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expiratory pressure” (PEEP) should be used.
The temperature and humidity of the airway must be maintained.●

It  is  necessary  to  avoid  prolonged  sedation,  to  awaken  the  patient  as  soon  as●

possible and to wean from MV and to start pulmonary rehabilitation.

c)  Extracorporeal  membrane  oxygenation  (ECMO):  ECMO,  also  known  as
Extracorporeal  life  support  (ECLS),  is  a  form of time-saving intervention for  a
patient with reversible cardiac and respiratory failure to overcome this situation.
During the H1N1 pandemic in 2009, ECMO treatment was used in ARDS cases
and the treated patients had a low mortality (De Lange et al, 2013).

ECMO allows to reduce the stress on the ventilated lung at high airway pressures
that can damage the lungs. Therefore, it should be recommended to patients with
refractory hypoxemia or hypercapnia despite optimal ventilation.

Pearl:  ECMO  therapy  is  used  in  ARDS  to  temporarily  maintain  adequate  O2
supply and CO2 elimination and / or provide perfusion in patients with respiratory
and  /  or  heart  failure  who  do  not  respond  to  conventional  ventilatory  and
pharmacological interventions, and whose physiological variables are abnormal
despite maximal medical support.

It is performed with the principle of drawing the systemic venous blood from the
patient out of the body, removing CO2 from the blood through the oxygenator and
delivering O2, and sending blood to the body via a pump that acts as an artificial
heart, to provide relief from the underlying disease (Combes et al, 2012; Brodie et
al, , 2011). Veno-venous (VV) -ECMO for patients with respiratory failure only,
and  veno-arterial  (VA)  -ECMO  mode  should  be  used  if  circulatory  support  is
needed. Weaning from ECMO may be attempted when the underlying diseases
are under control and cardiopulmonary function shows signs of improvement.

Although there  is  little  experience  in  using  ECMO to  support  patients  infected
with COVID-19, ECMO should be considered as a rescue therapy for the disease
with  refractory  hypoxemia  despite  lung-protective  ventilation,  according  to
interim guidelines published by the WHO. (WHO. Clinical management of severe
acute respiratory infection when novel coronavirus (nCoV) infection is suspected.
2020).

ECMO  indications  according  to  NHS:  ECMO  is  indicated  in  acute  severe
respiratory failure,  if  potentially reversible causes are noted.  Etiologies include
pneumonia,  ARDS,  pulmonary  aspiration,  major  airway  disease  or  rupture.
ECMO  will  be  the  first  choice  in  patients  who  cannot  have  lung  protective
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ventilation.  (Management  of  surge  and  escalation  in  critical  care  services:
standard  operating  procedure  for  adult  respiratory  extra  corporeal  membrane
oxygenation  ECMO).

According to the CESAR study, the criteria for inclusion in ECMO:

Above 16 years old,1.
Acute severe respiratory failure with potentially reversible causes2.
Lung injury score (LIS)> 3 (If the patient worsens rapidly, Lung injury score3.
(LIS)> 2.5) or
Arterial pH <7.20 accompanying hypercapnia despite conventional therapy4.

The LIS or Murray Score Evaluates Lung Injury Over 4 Variables

Oxygenation ●

Lung imaging findings (X-ray) ●

PEEP level required in mechanical ventilation ●

Respiratory system compliance ●

Contraindications of ECMO

High pressure ventilation (peak inspiratory pressure> 30 cmH2O) and / or high1.
FiO2 (> 0.8) for 7 days (relative contraindication)
Intracranial bleeding (relative contraindication)2.
Inability to be heparinized for any reason (relative contraindication)3.
Inability to continue active treatment for any reason4.

ECMO indications in COVID-19

ECMO  should  be  considered  in  patients  who  meet  one  of  the  following  three
criteria  despite  optimization  of  MV  (FiO2  ≥  0.80,  tidal  volume  6  ml/kg  (ideal
weight), PEEP ≥ 10 cmH2O) for longer than 7 days:

PaO2: FiO2 <50mmHg> 3 hours.1.
PaO2: FiO2 <80 mmHg> 6 hours.2.
pH <7.25 and PaCO2 ≥ 60mmHg> 6 hours; respiratory frequency increased to3.
35 per minute, plateau pressure 32 cmH2O (Brodie et al, 2019).
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Sepsis and COVID-19

In  many  research,  supranormal  levels  of  inflammatory  cytokines  have  been
associated  with  grave  outcomes  in  patients  with  COVID-19.  a  cytokine  storm
(CS)  is  common  in  patients  with  COVID-19,  exhibiting  severe-to-critical
symptoms.  Concurrently,  lymphocytes  and  natural  killer  (NK)  cell  counts  are
sharply  reduced,  along  with  high  levels  of  D-dimer,  C-reactive  protein  (CRP),
ferritin,  and  procalcitonin  (Chen,  2020).  Consequences  of  a  lethal  CS  exhibit
diffuse  alveolar  damage  characterized  by  hyaline  membrane  formation  and
infiltration of interstitial lymphocytes. The collateral tissue damage, organ failure,
and poor outcomes of people with COVID-19 and its accompanying uncontrolled
inflammatory responses share similarities with SARS and MERS.

Conceptual model of aberrant activation of leukocytes and cytokine production
contributing to a CS and pathology attributed to severe SARS-CoV-2 infection
was illustrated in Fig. (11).

In  a  study  comparing  levels  of  inflammatory  markers  in  sera  of  hospitalized
severe and critically ill COVID-19 patients, with those of patients with ARDS or
sepsis,  Wilson et  al,  reported  no statistically  significant  differences  in  baseline
levels  of  IL-1β,  IL-1RA,  IL-6,  IL-8,  IL-18,  and  TNF-α  between  patients  with
COVID-19 and critically ill controls with ARDS or sepsis (Wilson et al, 2020).
Levels of inflammatory cytokines were not higher in severe COVID-19 patients
than in moderate COVID-19 or critically ill patients with ARDS or sepsis. Among
the  other  67  cytokines,  no  significant  differences  were  found  between  the  4
groups,  which  suggests  that  none  of  these  cytokine  levels  were  dramatically
increased in  patients  with  COVID-19 compared with  critically  ill  patients  with
ARDS or sepsis. The data from these additional cytokines suggest that a “cytokine
storm” in COVID-19 that is distinct from other critical illnesses (e.g., sepsis and
ARDS) is unlikely.

Is  it  just  CS  or  immunity  failure?  Two  divergent  hypotheses  have  been
proposed:  hyperinflammatory  CS;  and  failure  of  host  protective  immunity  that
results in unrestrained viral dissemination and organ injury. Remy et al, applied
ELISpot, a highly sensitive, functional immunoassay, in 27 patients with COVID-
19,  51  patients  with  sepsis,  18  critically  ill  nonseptic  (CINS)  patients,  and  27
healthy  control  volunteers  to  evaluate  adaptive  and  innate  immune  status  by
quantitating T cell IFN-ɣ and monocyte TFN-α production (Remy, 2020). They
have reported that circulating T cell subsets were profoundly reduced in COVID-
19 patients. These findings support the hypothesis that COVID-19 suppresses host
functional adaptive and innate immunity.
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Fig.  (11).  Severe  SARS-CoV-2  infection:  summary  of  aberrant  activation  of  leukocytes  and  cytokine
production contributing to a CS and pathology. Conceptual model of observations associated with severe
SARS-CoV-2  infection.  The  activation  of  monocytes/macrophages  and  lymphocyte  subsets  in  blood  are
likely to be major sources of cytokine release, together with the infiltration of leukocytes into lung tissue
(Adapted from Wang, 2020).

ANTICOAGULANT TREATMENT WITH HEPARIN IN COVID-19

Thrombotic  events  in  the  lungs  and  different  tissues  have  been  reported  in
COVID-19  patients  with  relevant  clinical  symptoms,  as  well  as  laboratory  and
radiological  findings  (Zhang  et  al,  2020;  Cattaneo  et  al,  2020).  Perfusion
abnormalities  in  the  lungs  have  been  identified  in  thoracic  CT  angiograms
(CTPA)  of  the  patients  (Lang  et  al,  2020).  In  addition,  there  is  pathological
evidence  of  the  presence  of  thrombi  in  small  arterial  vessels  in  lung  tissues  of
patients dying from COVID-19 (Carsana et al, 2020).

In the largest multi-center study investigating the coagulation status in COVID-19
patients, heparin was given in addition to the treatment of 1734 patients who were
being treated for COVID-19 in 17 different hospitals in Spain between 1 March
and 20 April 2020 (Ayerbe et al, 2020). In this study, additional heparin therapy
was not administered to 285 patients. 242 (14%) of those who were given heparin,
44  (15%) of  those  who were  not  given  died.  Therefore,  heparin  administration
was associated with lower mortality in patients presenting with COVID-19, when
compared to those not receiving this treatment. The relationship between heparin
and survival demonstrated in this study is also consistent with the findings of an
observational study that the mortality of 99 patients who received heparin and had
a sepsis-induced coagulopathy (SIC) index> 4 was significantly lower than the
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other  patients  (Tang  N,  Bai  et  al,  2020).  Although  the  nature  of  lung
hypoperfusion in COVID-19 patients is still not fully understood, these and other
studies  support  a  thrombotic  component  contributing  to  the  development  of
respiratory  distress  for  these  patients  (Cattaneo  et  al,  2020;  Lang  et  al,  2020).

Histopathological  findings:  Distinctive  vascular  characteristics  have  been
visualized  in  the  lungs  of  COVID-19  patients,  consisting  of  severe  endothelial
damage  along  with  the  presence  of  intracellular  virus  and  distorted  cellular
membranes.  Diffuse  thrombosis  with  microangiopathy  was  observed  in  the
histological  analysis  of  the  pulmonary vascular  structures.  It  has  been reported
that  alveolar  capillary  microthrombi  are  9  times  more  common  (p  <0.001)  in
patients  with  COVID-19  compared  to  patients  with  influenza.  Endothelitis
developing  in  COVID-19  patients  may  be  related  to  these  physiopathological
findings  detected  after  death  (Varga  et  al,  ,  2020).

In a study comparing the lung autopsy reports of 14 patients who died of ARDS
due to COVID-19 and influenza A (H1N1) infection (7 patients in each group),
histological examinations of both groups of patients exhibited perivascular T-cell
infiltration in the periphery of the lung tissue associated with extensive alveolar
damage (Ackermann et al, , 2020).

In a postmortem study conducted on 12 patients with COVID-19, thrombosis was
found in 58% of the cases, and this condition was reported to be responsible for
25%  of  deaths  (Wichmann  et  al,  ,  2020).  Examinations  of  patients  with  large
vessel occlusion stroke with COVID-19, including those younger than 50 years of
age, also indicate hypercoagulability (Oxley et al, , 2020).

Value of D-dimer: During COVID-19 infection, serum D-dimer levels increase
as  a  result  of  desquamation,  endothelial  inflammation  and  thrombosis  in  the
vessels (The 3/4/2020 Chinese Health and Public Health Ministry Guideline on
Novel Coronavirus Disease (COVID-19) Diagnosis and Treatment (Revision # 6);
Diagnosis  and  Treatment  Protocol  for  Novel  Coronavirus  Pneumonia.  Trial
Version 7. Released by National Health Commission & State Administration of
Traditional Chinese Medicine on March 3, 2020; She et al, 2020).

Although developing coagulopathy is associated with high mortality, elevated D-
dimer levels are also an important marker for developing coagulopathy (Tang N,
Li et al, 2020). Therefore, low molecular weight heparin (LMWH) should be used
for prophylactic purposes. In order to reduce the incidence of VTE, it should be
administered  to  patients  with  severe  conditions  and  who  are  dependent  on
mechanical   ventilation.    Mechanical     prophylaxis     (intermittent    pneumatic
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compression devices) is warranted for those with contraindications (The 3/4/2020
Chinese  Health  and  Public  Health  Ministry  Guideline  on  Novel  Coronavirus
Disease  (COVID-19)  Diagnosis  and  Treatment  (Revision  #  6)).

LMWH  and  anticoagulant  therapy  and  mortality:  The  use  of  LMWH  and
anticoagulant therapy has been shown to reduce mortality in COVID-19 (Tang N,
Bai  et  al,  2020).  The  importance  of  anticoagulant  therapy  comes  to  the  fore
especially when patients with sepsis-induced coagulopathy (SIC) score <4 points
are  compared  with  those  with  scores  ≥4  points.  The  scoring  system for  SIC  is
shown  in  Table  6.  It  has  been  reported  that  heparin  treatment  in  those  with
elevated levels of D-dimer ( i.e., more than six times the upper limit of normal)
was associated with an approximately 20% reduction in mortality (Tang N, Bai et
al,  2020;  Iba  et  al,  2017).  Prophylactic  dose  LMWH  should  be  considered  in
patients with significantly elevated D-dimers or high SIC scores.

Table 6. Diagnostic scoring of “Sepsis Induced Coagulopathy” (SIC).

Category Variable 0 1 2

Prothrombin time INR ≤1,2 >1,2 >1,4

Coagulation Platelet count (x109/L) ≥150 <150 <100

SOFA (4 criteria) Respiration (PaO2 / FiO2)
Liver (Total Bilirubin)
Mean Arterial Pressure

-Creatinine / urine output (daily)

0 1 ≥2

The analysis of 2,773 patients with COVID-19 in the Mount Sinai Health System
is one of the largest studies evaluating the efficacy of anticoagulation (Paranipe et
al,  2020).  This  study  enrolled  patients  who  received  invasive  mechanical
ventilation  support  and  the  authors  reported  that  in-hospital  mortality  rate  was
29.1% in those who received anticoagulation, while 62.7% of patients who did not
receive anticoagulation died.

It has been reported that the risk of venous thromboembolism (VTE) is increased
in patients admitted to hospitals in Italy due to COVID-19. Prophylactic LMWH
will benefit patients at high risk of VTE. But there are other benefits with LMWH
in COVID-19 patients. It has been suggested that severe pulmonary inflammation
and  impaired  gas  exchange  in  COVID-19  is  due  to  the  elevation  of
proinflammatory  cytokines  (Xiong  et  al,  2020).  The  significant  increase  in  D-
dimer  values  is  also  due  to  this  severe  inflammation  that  stimulates  intrinsic
fibrinolysis  in  the  lungs  and  is  caused  by  release  into  the  blood  (Idell,  2003).
Based  on  the  immuno-thrombosis  model  that  emphasizes  the  bidirectional
relationship between the immune system and thrombin production,  blocking of
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thrombin by heparin may reduce the inflammatory response (Gaertner et al, 2016)
(Fig. 12).

However, the anti-inflammatory function of heparin, one of the more well-known
non-anticoagulant  properties,  may  also  be  fitting  in  this  situation.  Several
publications have demonstrated this non-anticoagulant property, and some of the
mechanisms  described  include  binding  to  inflammatory  cytokines,  inhibiting
neutrophil  chemotaxis  and leukocyte migration,  neutralizing positively charged
peptide  complement  factor  C5a,  and  sequestration  of  acute  phase  proteins
(Young,  2008;  Li  et  al,  2009;  Esmon,  2014;  Poterucha  et  al,  2017).  It  was
concluded  that  heparin  may  reduce  the  levels  of  inflammatory  biomarkers,  but
this should be confirmed by larger studies clinically (Mousavi et al, 2015).

Acute  respiratory  distress  syndrome  (ARDS)  is  one  of  the  most  common
complications  of  COVID-19  infection.  Coagulation  system  activation  is
significant in ARDS pathogenesis. Ozolina et al, showed that the median plasma
tissue  factor  and  plasminogen  activator  inhibitor-1  (PAI-1)  concentrations  in
patients with ARDS were significantly higher than those without ARDS (Ozolina
et  al,  2016).  These  mechanisms  contributing  to  lung  coagulopathy  are  the
inhibition of bronchoalveolar plasminogen activator-mediated fibrinolysis through
the production of thrombin via localized tissue factor and the increase of PAI-1
(Ozolina  et  al,  2016;  Glas  et  al,  2013).  Hence,  treatment  with  heparin  may  be
helpful in reducing this pulmonary coagulopathy. In a meta-analysis study, it was
stated that adjuvant treatment with LMWH at the beginning of the first seven days
of  ARDS  significantly  improved  the  PaO2  /  FiO2  ratio  but  reduced  the  7-day
mortality  risk  by  48%  and  the  28-day  mortality  risk  by  37%.  Improvement  is
especially significant in the subgroup receiving high-dose LMWH with 5000 units
/ day (Li et al, 2018).

In  another  study,  oxygenation  was  reported  to  be  improved  following  heparin
treatment in 27 patients with COVID-19 (Negri et al, , 2020).

Can we Administer Nebulized Anticoagulation?

Provided that  coagulopathy in ARDS may have started in the lungs,  the use of
nebulized anticoagulation is in the trial phase (Camprubí-Rimblas et al, 2020). It
has  been  reported  that  the  nebulized  route  of  heparin  administration  will  be
suitable  not  only  for  prophylaxis,  but  also  for  patients  under  mechanical
ventilation, and the anticoagulant activity does not pose a problem (Mycroft-West
et al, 2020).

Vascular endothelial cells are usually affected by pathogenic invasion and organ
failure develops as a result of endothelial dysfunction. In addition to the pathogen,
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histones released from damaged cells can also cause endothelial damage (Xu et al,
2009). Heparin can antagonize histones and thus protect endothelial tissue (Iba et
al, 2015; Zhu et al, 2019). This protective function can be extended to endothelial
tight junctions as shown in a sepsis model. Here, unfractionated heparin (UFH)
can reduce pulmonary edema and vascular leakage following lipopolysaccharide-
induced injury. Another mechanism is due to histone methylation and its effects
on mitogen activated protein kinase and Nuclear factor-kB signaling pathways.
Thus, heparin may affect microcirculation dysfunction and possibly reduce organ
damage (Liu et al, 2019; Ma et al, 2015).

Fig. (12).  Potential effects of heparin in COVID-19.

Endothelial  dysfunction  also  contributes  to  cardiac  effects,  another  important
complication of the coronavirus (Xiong et al, 2020). Heparin may also be useful
against  microvascular  dysfunction  in  heart  failure,  assuming  that  ischemic
hypoxia in the subendocardial  layer may cause loss of its  natural  anticoagulant
properties  (Wojnicz  et  al,  2006).  In  an  article  published  in  the  90’s,  it  was
reported  that  heparin  can  reduce  myocardial  inflammation  and reduce  collagen
deposition in an animal model of myocarditis (Frizelle et al, 1992).

Does It Also Have An Anti-inflammatory And Antiviral Effect?

Heparin  is  thought  to  have direct  SARS-CoV-2 antiviral  activity  in  addition to
anticoagulation effects in COVID-19 patients.
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The antiviral effect of heparin is under investigation with experimental studies.
Due to the polyanionic nature of heparin, it can bind to several proteins and thus
act as an effective inhibitor of viral binding. For example, in the case of herpes
simplex virus (HSV) infections, heparin competes with the virus to limit infection
by  host  cell  surface  glycoproteins,  and  it  prevents  virus-induced  cell  death  of
human neural progenitor cells in Zika virus infection (Shukla et al, 2001; Ghezzi
et al,  2017). In a study from Italy, the use of heparin at a concentration of 100
mcg  /  ml  halved  the  infection  in  experimental  vero  cells  injected  with  sputum
from a patient with SARS-CoV pneumonia (Vicenzi et al, 2004).

Heparan  sulfate  is  postulated  to  interact  with  the  spike  protein  as  an  adhesion
receptor, which could be the first step in facilitating the interference of the SARS-
CoV and ACE2 receptor (Milewska et al, 2018). It was recently disclosed that the
SARS-CoV-2 spike protein interacts with heparan sulfate with higher affinity than
the SARS-CoV or MERS-CoV spike proteins (Kim et al, , 2020). In this study, it
was reported that  the SARS-CoV-2 spike protein showed extremely strong and
almost  irreversible  binding  to  heparin  using  surface  plasmon  resonance.  The
results of this study showed that heparin can bind the SARS-CoV-2 spike protein
and reduce infectivity by acting as a competitive inhibitor for viral entry.

In a retrospective study conducted to compare and evaluate the effect of LMWH
treatment on the progression of COVID-19 disease, 42 COVID-19 patients were
examined  (Shi  et  al,  2020).  LMWH was  added  to  the  treatment  of  21  of  these
patients,  and  it  was  not  added  to  the  other  21,  which  were  the  control  group.
Changes in lymphocyte ratios before and after LMWH addition were found to be
significant  from those in the control  group (p=0.011).  Similarly,  changes in D-
dimer and fibrinogen levels before and after LMWH addition were found to be
significant  (p=0.035)  from those  in  the  control  group.  Remarkably,  IL-6  levels
also decreased significantly after LMWH was added to the treatment (p=0.006).
This  indicates  that  LMWH  has  an  anti-inflammatory  effect  and  can  partially
alleviate the cytokine storm caused by the virus, which also supports its use as a
potential therapeutic drug in the treatment of COVID-19.

Studies have reported that heparin can be beneficial in COVID through various
mechanisms.  The  dosage  of  LMWH  is  also  subject  to  debate.  Although  the
prophylactic  dose  is  sufficient  in  most  patients,  a  higher  dose  should  be
considered in obese patients with high body mass index. The route and dose of
administration, antidotes, contraindications, side effects and drug interactions of
some LMWH molecules are listed in Table 7.
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The Role of Antiplatelet Drugs in COVID-19 Treatment

Phosphodieasterase Inhibitors (PDEI): Dipyridamole

Dipyridamole (DIP), which acts by inhibiting the phosphodiesterase enzyme, is
the  precursor  of  these  drugs.  DIP  is  used  as  an  antiplatelet  agent  by  inhibiting
platelet aggregation and thrombus formation. DIP has effects such as inhibition of
vascular  smooth  muscle  cell  proliferation,  prevention  of  endothelial-leukocyte
interactions, increasing antithrombotic properties of endothelial cells, interaction
of leukocytes with endothelium, increased NO production stimulated by smooth
muscle cells, and inhibition of inflammatory gene expression in platelet-monocyte
aggregates. DIP also enhances extracellular adenosine, which reduces superoxide
anion  formation  by  human  neutrophils  and  scavenges  oxygen  and  hydroxyl
radicals directly. It also has a direct antioxidant effect (Gresele et al, 2011; Kim et
al,  2008).  Previous  clinical  trials  have  shown  that  DIP  has  a  broad-spectrum
antiviral activity, particularly effective against positive strand RNA viruses (Fata-
Hartley et al,  2005). It has also been claimed that DIP can prevent acute injury
and  progressive  fibrosis  of  the  lung,  heart,  liver,  and  kidney,  suppresses
inflammation,  and  supports  mucosal  healing  (Insel  et  al,  2012;  Huang  et  al,
2019).

In a clinical study conducted to evaluate the antiviral therapeutic effect of DIP in
COVID-19  disease  and  its  potential  to  reduce  the  risk  of  coagulation,  DIP
(3x50mg /  day P.O. for 14 days),  in addition to the usual treatments (ribavirin,
glucocorticoids and O2 therapy) administered to 14 of 31 patients with COVID-19
and  compared  with  a  control  group  of  17  patients  who  were  given  the  same
regimen  without  DIP  (Liu  et  al,  2020).  As  a  result  of  this  study.

D-dimer concentrations were supranormal in 50% (4/8) of patients in the group1.
with DIP added to their treatment and in 42% (5/12) of severe patients in the
control group.
A total of 7 (87.5%) of 8 severe patients in the group treated with DIP were2.
discharged after clinical recovery; whilst the remaining 1 patient (12.5%) was
in clinical remission. On the other hand, only four (33.3%) of 12 severe patients
in  the  control  group  were  discharged,  2  (16.7%)  were  in  remission,  and  2
patients  (16.7%)  died.  It  was  concluded  that  DIP  add-on  therapy  was
significantly  associated  with  clinical  improvement  and remission rates  (odds
ratio 23.75, p: 0.06).
According  to  the  qualitative  RT-PCR results,  the  mean  virus  clearance  time3.
was  shortened by 1.6  days  for  patients  in  the  group with  DIP added to  their
treatment compared to the control group.
Absolute lymphocyte and platelet counts were increased consistently in patients4.
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who received DIP treatment compared to control patients, albeit not statistically
significant.
Chest CT scans of all patients revealed typical irregular ground glass images in5.
the lungs with various degrees of absorption after the treatment with DIP, while
only  one  out  of  12  severe  patients  in  the  control  group  showed  radiological
improvement.

Table  7.  Method  of  administration  and  dosage,  antidote,  contraindications,  side  effects  and  drug
interactions of some LMWH molecules.

Dosing Route Notes Side/ Adverse
Effects

Drug Interactions

1.Enoksaparin
(Clexane®)

1 mg/kg/12 h
or 1,5

mg/kg/24 h
(not to

exceed 180
mg/d)

Once
Daily

or
BID;
SC

• Its antidote is
protamine sulphate, (1
mg protamine for 100

anti-Xa units)
• It is contraindicated

in cases of peptic
ulcer, ulcerative

colitis, those with
bleeding risk,

coagulation disorder,
septic endocarditis,
eye, ear and CNS

injuries, severe HT,
abortion.

Hemorrhage,
bruising at the
injection site,

allergic reactions,
thrombocytopenia

• It should not be
used with

acetaminophen,
AscA, ASA,
Atorvastatin,
Celecoxib,

cholecalciferol,
cyanocobalamin,

Duloxetine,
Esomeprazole,
Furosemide.

2. Dalteparin
(Fragmin®)

100IU/kg/12
h or 200

IU/kg/24 h
(not to
exceed
18000

IU/day)

Once
Daily

or
BID;
SC /
İM

• Its antidote is
protamine sulphate, (1
mg protamine for 100

anti-Xa units)
• It is contraindicated

in peptic ulcer,
ulcerative colitis,
conditions with
bleeding risk,

coagulation disorder,
septic endocarditis,
eye, ear, and CNS

injuries.

Hemorrhage,
bruising at the
injection site,

allergic reactions,
thrombocytopenia,

elevated liver
enzymes, alopecia

• It should not be
used with AscA,

ASA, K vit.
antagonists

dipyridamol,
dextran,

phenylbutazone,
indomethacine,
ethacrynic acid,
antihistaminics,

digitalis glucosides,
tetracycline
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Dosing Route Notes Side/ Adverse
Effects

Drug Interactions

3. Nadroparin
(Fraxiparine®)

85,5
IU/kg/12 h

or 171
IU/kg/24 h

(not to
exceed

17100 IU/
day)

Once
Daily

or
BID;
SC /
IV

• Its antidote is
protamine sulphate, (1
mg protamine for 100

anti-Xa units)
• It is contraindicated

in cases of peptic
ulcer, ulcerative

colitis, those with
bleeding risk,

coagulation disorder,
septic endocarditis,
eye, ear and CNS

injuries, severe HT,
abortion, and severe

liver dysfunction.

Hemorrhage,
bruising at the
injection site,

allergic reactions,
thrombocytopenia,

elevated liver
enzymes,

hypoaldesteronism

• Should not be used
together with

NSAID, K vit.
antagonists,

dipyridamole,
dextran,

phenylbutazone,
probenecid,

ethacrynic acid,
antihistamines,

digitoxin,
tetracycline, AscA.

4. Tinzaparin 175 IU/kg/24
h

Once
daily,
SC/IV

• Its antidote is
protamine sulphate, (1
mg protamine for 100

anti-Xa units)
• It is contraindicated

in cases of peptic
ulcer, ulcerative

colitis, those with
bleeding risk,

coagulation disorder,
septic endocarditis,
eye, ear and CNS

injuries, severe HT,
abortion and spinal or
epidural anesthesia.

Hemorrhage,
bruising at the
injection site,

allergic reactions,
thrombocytopenia

Should not be used
with ASA and other

NSAID,
thrombolytic agents,
K vit. antagonists,

activated protein C,
direct factor Xa and

IIa inhibitors.

(Table 7) cont.....
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Dosing Route Notes Side/ Adverse
Effects

Drug Interactions

5.
Fondaparinux

(Arixtra®)

5 mg/d if
<50 kg.
7,5 mg/d

between 50
and 100 kg.
10 mg/d if
>100 kg

Once
daily,

SC

• It can be used instead
of heparin as an
anticoagulant in

heparin-induced
thrombocytopenia

(HIT).
• It is contraindicated

in cases of peptic
ulcer, ulcerative

colitis, those with
bleeding risk,

coagulation disorder,
septic endocarditis,
eye, ear and CNS

injuries, severe HT,
abortion.

Note: It has no
antidote.

Hemorrhage (this
risk is higher than
other LMWHs),
bruising at the
injection site,

allergic reactions
Note: It does not

cause
thrombocytopenia
since it does not

interact with Platelet
Factor 4 (PF4).

• Oral anticoagulants
(warfarin), platelet
inhibitors (ASA),

NSAIDs (piroxicam)
and digoxin did not

interact with the
pharmacokinetics of

fondaparinux.
• Fondaparinux did
not affect the INR

activity of warfarin,
bleeding time while

on ASA or
piroxicam treatment,

or the
pharmacokinetics of
stable digoxin level.

This  study  showed  that  prophylactic  anticoagulation  therapy  with  DIP  may  be
considered  in  COVID-19  patients  to  reduce  the  risk  of  hypercoagulation  and
multiorgan  damage  (Fig.  13).

All articles published on DIP activity since 1977 were reviewed and the authors
pointed  out  that  DIP  could  substantially  improve  the  clinical  outcomes  of
COVID-19 due to its antiplatelet activity, besides its antiviral, anti-inflammatory
and antioxidant effects (Aliter et al, 2020).

In brief, DIP is a safe, well tolerated, widely available and inexpensive drug that
could be helpful in prophylactic anticoagulation therapy in COVID-19. It can be
added to the regimen within a few days after symptom onset.

Thienopyridines: Ticlopidine & Clopidogrel

Both  drugs  inhibit  ADP-mediated  stimulation  of  platelets.  Thienopyridines
irreversibly inhibit P2Y12, receptors on the platelet surface. Their effectiveness is
not bound to arachidonic acid and is independent of the mechanism of action of
aspirin.  Ticlopidine  was  previously  used  as  an  alternative  to  aspirin  to  prevent
recurrent cerebral ischemia and strokes. However, its use is currently restricted
due  to  the  fatal  side  effects  it  causes  (e.g.,  severe  neutropenia  and  thrombotic
thrombocytopenic purpura).

Clopidogrel  was  developed  as  an  alternative  to  ticlopidine  and  is  now  the

(Table 7) cont.....
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outstanding  member  of  this  group.  Clopidogrel  is  rapidly  absorbed  after  oral
intake and metabolized in the liver, with a half-life 8 hours. Following a 400 mg
oral loading dose, nearly 40% of platelets are inhibited within 2 hours. 75 mg is
recommended  for  the  daily  dose.  Although  ticlopidine-like  side  effects  are  not
observed,  thrombotic  thrombocytopenic  purpura  has  been  reported  rarely,
especially  at  loading  doses  (Bennett  et  al,  2000).

Fig. (13). Thromboinflammatory process in COVID-19 pathogenesis and the mechanism of action of DIP on
platelets.

To  investigate  the  effects  of  antiplatelet  therapy  on  arterial  oxygenation  and
clinical  outcomes in patients  with COVID-19,  a  study was conducted in which
five patients with severe respiratory failure requiring CPAP, bilateral pulmonary
infiltration, and a D-dimer level higher than 3 times the upper limit of the normal
range  was  included  and  a  control  group  was  formed  from  five  patients  with
similar  conditions  (Viecca  et  al,  2020).  The  study  group  received  standard
maintenance therapy plus 250 mg acetylsalicylic acid (ASA) infusion and 300 mg
clopidogrel orally, followed by 25 μg / kg tirofiban bolus infusion for 3 minutes,
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followed  by  a  continuous  infusion  of  0.15  μg  /  kg  /  min  for  48  hours.  Then,
clopidogrel was administered to both groups at a daily dose of 75 mg / day for 30
days. In addition, 2.5 mg / day Fondaparinux SC was given during the hospital
stay.  When  compared  to  controls,  antiplatelet-treated  patients  had  consistent
significant reductions in the mean A-a O2 gradient at 24, 48 hours and 7 days after
treatment  (mean  -32.6  mmHg,  -52.4  mmHg,  and  -151.1  mmHg,  respectively).
Moreover, PaO2 / FiO2 ratio increased by an average of 52 mmHg, 64 mmHg and
112  mmHg  after  24,  48  hours  and  7  days,  respectively  (Fig.  14).  All  patients
except one were successfully weaned from CPAP 3 days later, but the patients in
the  control  group  were  reported  to  be  unable  to  leave  CPAP.  No  significant
adverse effects were recorded in the patient group. The researchers concluded that
antiplatelet therapy may be effective in improving the ventilation / perfusion (V /
Q) ratio in COVID-19 patients with severe respiratory failure.

In  conclusion,  thienopyridines  can  be  alternative  antiplatelet  agents  in  the
treatment of COVID-19, but this should be supported by broad, multi-centric and
well-designed studies.

Glycoprotein IIb / IIIa Inhibitors

When platelets are activated, the number of GP IIb / IIIa receptors increases on
their surface. Antiaggregant effect occurs by inhibiting GP IIb / IIIa receptors by
these  agents  which  also  inhibit  the  binding  of  fibrinogen  with  GP  IIb  /  IIIa
receptors.  This  mechanism is  employed to  prevent  thromboembolic  events  that
may occur in acute coronary syndrome and interventional cardiology (Behan et al,
2004).

Abciximab,  eptifibatide  and  tirofiban,  are  parenterally  used  GP  IIb  /  IIIa
inhibitors.  Orofiban,  cybrafiban,  xemilofiban  and  lotrafiban  are  orally  used.

COVID-19 and STEMI: In a study of 115 patients with ST segment elevation
myocardial infarction (STEMI) concurrent with COVID-19 treated with primary
percutaneous  coronary  intervention  (PCI),  these  patients  were  found  to  have
higher  thrombus  rates,  more  frequent  thrombosis  of  coronary  vessels  or  stents,
more common use of  glycoprotein IIb /  IIIa  inhibitors  and thrombus aspiration
rates were higher, while left ventricular functions were significantly lower than
non-COVID-19 patients  with  STEMI (Choudry et  al,  2020).  In  addition,  it  has
been reported that these patients stayed in the hospital for longer periods and the
rate of admission to ICU is higher than the others.
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What should we use after revascularization in STEMI patients with COVID-
19?  In  another  study,  it  is  suggested  that  primary  PCI  is  the  first  option  for
revascularization in STEMI patients with COVID-19. In addition, the importance
of  using  clopidogrel  together  with  GPIIb  /  IIIa  inhibitors  to  achieve  more
favorable  outcomes  after  stent  implantation  is  emphasized  (Seif  et  al,  2020).

In conclusion, a large number of studies with broad participation are needed to
recommend the use of GPIIb / IIIa inhibitors in STEMI patients with COVID-19.
No articles evaluating the use of these drugs as an alternative antithrombotic agent
in the treatment of COVID-19 were found in the literature reviews.

Fig. (14). Changes in PaO2 / FiO2 ratio (A), A-a O2 gradient (B) and PaO2 level (C) within 7 days in patients
treated with antiplatelets and controls (Viecca et al, 2020).
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COVID-19  PLASMA  TREATMENT:  THE  CURRENT  SITUATION,
DREAMS, AND REALITY

Passive Antibody Treatment (Convalescent / Immune Plasma Treatment)

Plasma:  It  is  the yellow-colored liquid that remains on top after the separation
(precipitation) of red blood cells, white blood cells and other cells in the blood.
55%  of  the  blood  is  plasma  which  mainly  contains  water,  salt,  antibodies,
enzymes.  Many  functions  related  to  blood  coagulation  and  immunity  are
processed  within  plasma  (Fig.  15).

Fig. (15). Appearance of plasma in its bag.

In the plasmapheresis process, the plasma of the blood taken from the healthy
person is separated and subjected to fractionation. Thus, any part (such as immune
globulin, coagulation factor) can be purified and administered to a patient.

Passive antibody therapy, also called therapeutic plasma exchange, includes
convalescent (immune) plasma therapy (CPT), which involves administering to a
susceptible  person  to  prevent  infection  by  a  microorganism or  to  treat  patients
who are inflicted already and exhibit symptoms of varying severity.

The purpose of CPT is to use neutralizing antibodies (NEA) produced against the
virus by individuals who have had the disease to protect patients against the virus.
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In addition, it is valuable for vaccination and drug studies to identify which NEAs
are expressed against the virus in individuals with the disease.

The increasing number of patients recovered and discharged after being diagnosed
with COVID-19 represents an opportunity to treat other patients via CPT. Passive
antibody  therapy  is  to  expect  antibodies  against  a  specific  agent  given  to  a
sususceptible  individual  to  fight  the  viruses.  Active  vaccination  is  to  give  the
agent  with  (mostly  attenuated)  virulence,  that  is,  the  microbe,  to  the  body  and
expect it to generate antibodies, which is a time-consuming process. Therefore,
passive  immunization  may  be  the  only  practical  method  for  expedient
immunization  (Casadevall,  2004).

First  of  all,  this  treatment  is  referred  to  as  “Investigational  COVID-19
Convalescent Plasma” in contemporary medical literature. As the name suggests,
it is still under investigation.

Do People Who Have Experienced COVID-19 Have IgG?

After  6  months  of  the  epidemic,  in  Nature,  Robbiani  et  al,  published  on
examination  of  CP  samples  from  149  people  and  their  NEA  levels  (Robbiani,
2020).  NEA  levels  were  measured  in  CPs  taken  39  days  after  the  onset  of
symptoms, and it was observed that it changed from person to person. It has been
found that antibodies against the SARS-CoV-2 spike (S) protein and especially
the receptor binding region of S are at high levels. When CP samples are used in
the counter  neutralization tests  of  SARS-CoV-2 S protein,  NEA levels  are  less
than 1:50 in 33% of them; less than 1: 1000 in 79% and less than 1: 5000 in 1%.
In summary, NEA titrations in CP samples are quite lower than expected.

Mechanism of Action

Experience  with  other  CoV  viruses  such  as  SARS-CoV-1  from  previous
outbreaks shows that  such CPs contain NEA against  the relevant virus (Zhang,
2005).  CP  obtained  from  recovered  COVID-19  patients  who  have  developed
humoral immunity to the virus contains a large amount of NEA that can neutralize
SARS-CoV-2  and  destroy  the  pathogen  from  the  bloodstream  and  pulmonary
tissues.  Antibodies  derived  from  CP  can  neutralize  the  virus  by  blocking
replication  (eg,  through  complement  activation  or  phagocytosis)  or  by  binding
without interfering with replication (van Erp, 2019). The therapeutic effect of CP
on  COVID-19  is  determined  by  the  level  of  the  SARS-CoV-2  NEA  titer.  In  a
study  on  SARS,  it  was  found  that  specific  immunoglobulin  (Ig)  G  antibodies
started to increase in the 3rd week after the onset of the disease and peaked at the
12th  week  (Li,  2003).  Anti-COVID-19  IgM  and  IgG  were  thought  to  directly
neutralize the virus and their  anti-inflammatory activity could prevent cytokine
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storm.  It  should  be  kept  in  mind  that  CP  is  most  effective  when  given
prophylactically or when used in the early period (cytokine storm) of the disease
(Casadevall, 2003).

Pearl: In the review published in JAMA in April 2020, Sanders et al, stated that
antibody replacement by plasma infusion may be beneficial in the first 7-10 days
of  the  disease,  when  the  virus  load  is  high  and  antibody  response  has  not  yet
occurred and will not be useful outside this period (Sanders, 2020).

Preparation of CP

CP taken  from the  donor  should  be  given  to  the  patient  recipient  in  the  first  6
hours. Patients may receive an initial dose of 200-500 ml (4-5 ml / kg) followed
by one or two additional doses 48 hours apart, depending on the patient’s weight,
disease  severity,  and  tolerance  of  the  infusions.  It  is  very  important  to  ensure
ABO compatibility between donor and recipient (National Health Commission of
the People’s Republic of China, 2020, Chen, 2020). Apheresis is recommended to
optimize CP efficiency. Approximately 400-800 ml of plasma is obtained from a
single apheresis donation, and then 2-4 U CP is provided for transfusion (Bloch,
2020). Plasma can be taken from a donor up to 3 times and within a period of 1
month. CPT application method and dose are shown in the Table 8.

Table 8. The Characteristics Of The Cp Donor and The Patients Who Will Be Transfused Are Shown.

Donation criteria for CPT

• Lab evidence that you have had COVID-19

- By diagnostic test (PCR with nasopharyngeal swab)

Or

- With positive serological test for SARS-CoV-2 antibodies after recovery

Or:

• With one of the following:

- Complete resolution of symptoms at least 28 days prior to donation of CP

-

- Complete resolution of symptoms at least 28 days before giving plasma + (-) PCR test with blood or swab

• Women not being pregnant and having antibodies (-) to human leukocyte anti-HLA after birth

• High SARS-CoV-2 NEA titers (> 1:80)

Eligible donors should have a COVID-19 NA titer above 1: 640 (Bloch, 2020). It
has been reported that the SARS-CoV-specific NEA level gradually decreased 4
months  after  the  disease  process,  and  IgG  antibodies  declined  to  undetectable
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levels  in  16.1%  of  patients  at  36  months  after  the  disease  state.  In  a  study
conducted  by  MERS-CoV infected  patients  and  exposed  healthcare  workers,  it
was shown that the prevalence of MERS-CoV IgG seroreactivity was very low
(2.7%) and the antibody titer decreased rapidly within 3 months (Arabi, 2016).

Mostly, the dose chosen was based on previous experience with the use of CPT in
SARS, and 5 ml / kg plasma at a titer of 1: 160 was used (Cheng, 2005). Given
the first order linear proportionality, 3.125 ml / kg plasma with titer > 1:64 will
provide an Ig level equivalent to 5 ml / kg plasma with a titer of 1: 160. For an
approximately 80 kg patient, this will produce approximately 250 ml of plasma
(3.125 ml / kg x 80 kg = 250 ml, titre > 1:64), which is the volume of a standard
plasma unit in the USA.

Since  there  are  currently  no  vaccines,  monoclonal  antibodies  or  drugs  for
COVID-19, CP may be considered as an option for the prevention and treatment
of COVID-19 disease in the presence of a sufficient number of people who have
recovered and can donate Ig-containing plasma. It has been shown that patients
treated with CP have a shorter hospital stay and lower mortality rates compared to
other patients (Abolghasemi, 2020).

Sera of the Persons Recovering From COVID-19 Infection Can Be Used in The
Prophylaxis Or Treatment Of COVID-19 Infection (Casadevall, 2020).

Before commencement of this treatment, the following six conditions must be
met:

1.  The  existence  of  a  donor  population  who  have  recovered  from COVID-19
infection and can donate their sera,

2. Availability of a blood bank equipped to process serum donations,

3. The presence of assays, including serological analyzes to detect COVID-19 in
serum, and virological assays to measure viral neutralization,

4. Support of the virology laboratory for performing these tests,

5.  Prophylactic  and  therapeutic  protocols,  which  should  ideally  include
randomized  clinical  trials  to  assess  the  effectiveness  of  any  intervention  and
measure immune responses.

6. Regulatory compliance, including institutional review board approval, which
may vary depending on location.
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Who Can Be Treated With CPT?

The FDA has also recently approved the use of CP in the COVID-19 pandemic.
CP  obtained  from  patients  recovering  from  viral  infections  can  be  used  in  the
treatment before severe adverse events occur. Therefore, it may be useful to test
the  safety  and  efficacy  of  CP  transfusion  in  patients  infected  with  COVID-19
(Chen, 2020).

The  criteria  for  applying  to  the  FDA  for  patients  who  are  considered  to
warrant CPT in the USA (National Expanded Access Treatment Protocol)
(Tanne, 2020):

1.Lab tests showing the diagnosis of COVID-19
2.Severe / life-threatening COVID-19:
a) Patients carrying one or more of the following:
> Shortness of breath / dyspnea,
> Respiratory rate per minute> 30,
> Blood oxygen saturation ≤ 93%,
> PaO2 / FiO2 <300,
> 50% increase in lung infiltration (24-48 hours)
2. Life-threatening disease (one of the following):
> Respiratory failure,
> Septic shock, and / or
> multiple organ failure
3. Informed consent

Side Effects

Physicians performing CPT should closely monitor the adverse effects of plasma
transfusion before, during and after the procedure, and record any adverse effects
that  may  ensue.  They  also  need  to  be  able  to  manage  any  possible  adverse
occurrences. The risks to recipients of CP are likely to be no different from those
receiving  standard  plasma.  CPT  carry  the  risks  that  may  occur  during  or  after
normal  plasma  transfusion,  such  as  common  adverse  transfusion  reactions,
anaphylactic reactions, transfusion-related circulatory overload, acute lung injury,
dyspnoea, allergic hypotension, non-hemolytic febrile reaction, acute haemolytic
transfusion reactions and delayed haemolytic transfusion reactions, and infection
transmission.  The  donor  is  tested  for  transfusion-transmitted  infections  such as
HIV, hepatitis B and C viruses, and syphilis. As a result of the tests, plasma units
are harvested only from donors who do not have any contagious diseases. There is
an  HLA  antibody-mediated  relationship  between  pregnancy  and  transfusion-
related acute lung injury (TRALI) in women, and plasma use should be preferred
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from non-pregnant women including abortion or male donors to avoid this side
effect. This precaution reduces the likelihood that antibodies against the HLA or
granulocyte antigens that cause TRALI are found in the plasma. TRALI occurs
within  6  hours  after  transfusion  of  the  associated  plasma  and  can  have  serious
consequences (Bloch 2020, Toy, 2019).

The specific risks associated with CP include transfusion-transmitted COVID-19
infection. However, this situation is largely theoretical. Because the recipient is
already  infected.  In  addition,  there  are  no  reports  published  so  far  that  a
respiratory  virus  is  transmitted  by  blood  transfusion.  Therefore,  COVID-19  is
thought  not  to  be  transmitted  by  transfusion.  Table  9  shows  the  indications,
method,  dosage,  and  side  effects  of  CPT.

Table 9. CP donor and patients to be transfused, method of CPT procedure, dose, and side effects.

Who Can Donate CP? Who Can Receive CPT?

1. COVID-19 antibody positivity proven by PCR test or by
serological tests after recovery

2.Complete resolution of symptoms at least 28 days before
giving CP, or PCR test (-) with blood or swab.

3. Women not being pregnant and having postpartum HLA
antibodies (-)

4.High titers of SARS-CoV-2 NEA (at least 1: 640)
• ABO compatibility must be ensured between donor and

recipient.
• Approximately 400 to 800 ml of plasma is harvested

from a single apheresis donation.
• Plasma can be taken from a donor at most 3 times and

within 1 month.

1. Prophylaxis
2. Presence of laboratory tests showing the

diagnosis of COVID-19
3.Severe / life-threatening COVID-19:

• Patients with at least one of the following
conditions:

     • Shortness of breath / dyspnea,
     • Respiratory rate> 30 bpm
     • Oxygen saturation ≤93%

     • PaO2 / FiO2 <300,
     • > 50% increase in lung infiltration (in 24

to 48 hours)
• Presence of at least one of the following life-

threatening conditions:
     • -Respiratory Failure

     • Septic shock
     • -Multipl organ failure

Procedure, route, and Dosage Side / Adverse Effects

• 4-5ml / kg IV is given in 30 minutes.
• If necessary, one or two additional doses may be given at

48-hour intervals, depending on the patient's weight,
disease severity and infusion tolerance.

Anaphylactic reactions
Transfusion-related circulatory overload

Dyspnea
Acute lung injury

Hypotension
Non-hemolytic febrile reaction,

Acute / delayed hemolytic transfusion reactions
• Infectious transfusion reactions (such as HIV,

hepatitis B and C, syphilis, etc)

PCR:  Polymerase  Chain  Reaction,  HLA:  Human  Leukocyte  Antigen,  HIV:
Human  Immmunodeficiency  Virus
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CONCLUSION

CPT is one of the most important treatment options that can be used in pandemic
COVID-19  infection.  Since  there  are  currently  no  vaccines,  monoclonal
antibodies or drugs for COVID-19, CPT is an important option for the prevention
and  treatment  of  COVID-19  disease  in  the  presence  of  a  sufficient  number  of
people who have recovered and can donate Ig-containing plasma. This treatment
method is  the  only  way to  immediately  immunize  susceptible  people  and is  an
alternative to  vaccination.  Patients  treated with CP have a  shorter  hospital  stay
and lower mortality rates than other patients.
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CHAPTER 16

Principles of Vaccination: Will it be the Definitive
Solution?

Abstract:  Vaccination  immunity  is  vital  to  prevent  widespread  viral  infection  and
reduce  morbidity  and  mortality.  Patients  with  COVID-19  infection  develop  a
polyclonal active immune response to viral antigens. Antibodies that develop as a result
of this polyclonal immunity can neutralize the virus and prevent further infection in the
recovered host. The magnitude and duration of protection of a vaccine administered to
humans  in  society  cannot  be  the  same  for  every  individual.  The  acquisition  of
immunity depends on the functioning of the person's own immune system. Therefore, a
vaccine in the population is never 100 % protective. There are expectations that the
COVID-19 vaccine should have at least a 50% protection rate. Vaccine development
stages also require a process that  can take years;  therefore,  the public will  probably
hardly reach a vaccine that is safe and economical for public use in the near future. The
global medical community should search for effective ways to provide vaccination be
easily reached by vulnerable groups all over the world in order to secure healthy new
generations.

Keywords: COVID-19, Management, Vaccination, Vaccination immunity.

IS VACCINATION THE DEFINITIVE SOLUTION TO PANDEMICS?

Mostly yes. COVID-19 poses a major threat to public health around the world. It
is  highly contagious,  and most  individuals  in  the community are  susceptible  to
infection.  For  the  prevention,  control,  and  critical  management  of  this  severe
epidemic,  strict  precautions  should  be  taken  along  with  updated  treatment
guidelines. The most important of these measures is to provide vaccine immunity.
Vaccination immunity is  vital  to  prevent  widespread viral  infection and reduce
morbidity and mortality. Patients with COVID-19 infection develop a polyclonal
active immune response to viral antigens. Antibodies that develop as a result of
this polyclonal immunity can neutralize the virus and prevent further infection in
the recovered host (Chan et al., 2020). The magnitude and duration of protection
of  a  vaccine  administered  to  humans  in  society  cannot  be  the  same  for  every
individual.  Acquisition of immunity depends on the functioning of the person's
own immune system. Therefore, a vaccine in the population is never  100  percent
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protective. There are expectations that the COVID-19 vaccine should have at least
a 50% protection rate (FDA).

DOES IT TAKE LONG TO DEVELOP THE COVID-19 VACCINE?

Yes, it takes years to develop the simplest vaccine and make it ready for use. For
example, a long period of 14 to 16 years has passed from the first trial to the end
of the licensing phase for HPV and rotavirus vaccines (Douglas et al., 2018).

An  examination  of  the  history  of  vaccine  development  depicts  that  even  in
diseases afflicting populations en masse, vaccines were found after many years,
and they were never found in many important diseases such as AIDS, Ebolavirus,
SARS, and MERS. (Strugnell et al., 2011).

Currently, no vaccine that can provide immunity against the COVID-19 pandemic
has yet been developed. Worldwide studies in this field continue at a great pace.
Thanks to the fact  that  the vaccine development  studies  initiated for  the SARS
epidemic,  which  was  also  a  coronavirus  in  2003,  could  be  quickly  adapted  to
COVID-19,  it  was  possible  to  go  from the  preclinical  stage  to  the  first  trial  in
humans in a record few months in COVID-19 vaccine studies (Kim et al., 2020).
Vaccine development  stages  also require  a  process  that  can continue for  years.
The stages of vaccine development are depicted in Table 1 (Dandan et al., 2017).

 
AGAINST  WHICH  PART  OF  THE  SARS-COV-2  STRUCTURE  ARE
VACCINES DEVELOPED?

In  Stage  I,  which  is  the  first  stage  in  the  vaccine  development  process,  the
essential step is to recognize the structure of the virus in an in-vitro environment
in order to determine which part of the CoV vaccine should be developed during
the  experimental  laboratory  studies.  Similar  to  other  microorganisms,  it  is
necessary to obtain strains that will damage or change their antigenic structures
while developing vaccines against SARS-CoV-2 (Dandan et al., 2017).

Structure of CoV

The  virion  particle  of  SARS-CoV-2,  which  is  a  β  CoV  and  whose  subgroup
members are also present, is typically round or polymorphous, with a diameter of
60-140 nm and a single-stranded RNA genome (Zhou et al., 2020). Along with
the Spike (S) protein, which is a common feature of CoVs, their genomes encode
three additional structural proteins,  including Membrane (M) protein, Envelope
(E)  protein,  and  Nucleocapsid  (N)  protein.  The  binding  of  the  SARS-CoV-2  S
protein to the cell surface receptor via ACE2 initiates viral entry into lung type II
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pneumocytes (Li, 2016). This is why the S protein plays a central role in the initial
transmission and ongoing infection of COVID-19.  The CoV S protein contains
two  main  domains:  The  S1  domain  at  the  N-terminus  of  the  protein  mediates
binding  to  ACE2.  The  C-terminal  S2  domain  supports  the  fusion  of  the  virus
membrane with the cellular membrane of the host cell. Therefore, vaccines based
on  S  protein  can  induce  antibodies  to  block  virus  binding  and  fusion,  thereby
neutralizing virus infection (Huang et al., 2020; Ji et al., 2020). The S protein is
one of the most important antigenic components of coronavirus structural proteins
as  it  can  induce  both  host  immune  responses  and  neutralizing  antibodies.
Therefore,  it  has  been  chosen  as  a  promising  target  for  the  vaccine  (He  et  al.,
2005).

Table 1. Stages of vaccine development.

Stage  I  (Experimental  laboratory
studies,  viral  recognition,  in-vitro
tests)

It is the stage of production of strains and antigens
that can be used in vaccine production against the
targeted agent. By using vaccine formulations, strains,
and antigens to be used in vaccines are produced in
accordance with international standards.

2 years

Stage II (Animal experiments, pre-
clinical analyses) These studies are
conducted  with  the  permission  of
animal  ethics  committees.

Pre-clinical  animal  experiments  are  conducted.  If
positive data are obtained in this phase, the studies are
continued with Phase I studies.

1-2 years

Stage III
These studies are
carried out with the
permission of the
Ministry of Health and
human ethics
committees.

Phase I In  this  phase,  the  reliability  and  immunity  status  of
the vaccine are assessed.

Several
months-1 year

Phase II In addition to Phase I, the effectiveness and optimal
dose of the vaccine are evaluated.

1–2 years

Phase III In  addition  to  Phase  II,  the  efficacy  of  the  vaccine
against the disease is determined.

3–5 years

Permit and Licensing Formal procedures vary with the countries and states.

Post-Marketing evaluations
(Phase IV)

Once vaccines are licensed and launched on the
market, surveillance studies are conducted to monitor
vaccine safety and efficacy in larger populations.

No  predefined
period

Although  COVID-19  is  lower  than  SARS around  10% and  MERS with  a  case
fatality rate of approximately 3% to 4%, its pandemic severity is much higher; It
has  3  and  10-times  higher  contagiousness  than  SARS-CoV  and  MERS,
respectively  (WHO,  2020).  Droplet  and  direct  contact  are  the  main  routes  of
transmission  of  SARS-CoV-2  from  person  to  person.  Aerosol  and  fecal-oral
transmissions  are  other  potential  routes  of  transmission  that  have  not  yet  been
confirmed (GONHC of the PRC, Version 5, 2020).
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POTENTIAL  VACCINE  INITIATIVES  THAT  CAN  BE  DEVELOPED
AGAINST COVID-19

Vaccines  are  typically  divided into  different  types:  inactivated,  live  attenuated,
vectored, nucleic acid-based and recombinant subunit vaccines (Gao et al., 2019).
Live  attenuated  vaccines  are  derived  from  microbial  agents  attenuated  by
physical, chemical, or biological means under laboratory conditions (Badgett et
al., 2002). Codagenix (USA) has formed a collaboration with the Serum Institute
of India to develop a rationally designed live attenuated vaccine synthesized by
viral codon deoptimization against SARS-CoV-2 (Chen et al., 2020).

Vectored vaccines  are  those  that  use  other  viruses  as  vectors  for  SARS-CoV-2
proteins.  Scientists  from  Rocky  Mountain  Laboratories  (USA)  and  Oxford
University  (England)  are  collaborating  to  develop  a  chimpanzee  adenovirus
vectored vaccine against SARS-CoV-2. Similarly, Zydus Cadila, an India-based
pharmaceutical company, launched a program to develop a vectored vaccine for
the  novel  coronavirus  SARS-CoV-2 using live  attenuated recombinant  measles
virus (rMV) (Shi et al., 2020).

Injection of nucleic acid constructs capable of expressing viral or bacterial genes
can  cause  activation  of  both  humoral  and  cellular  immune  responses.  Clover
Biopharmaceuticals (Chengdu, China) initiated the development of a recombinant
subunit  vaccine  for  SARS-CoV-2  using  S  protein  subunit  trimer  antigens
(Salvatori et al., 2020). Zydus Cadila has a program to develop a DNA vaccine
against  the main viral  membrane S protein responsible for cell  entry of SARS-
CoV-2. After plasmid DNA is introduced into host cells, it will be translated into
viral protein and elicit immune responses. This provides protection from infection
and can lead to viral clearance. (Shi et al., 2020). Inovio Pharmaceuticals (USA)
is  currently  collaborating  with  Beijing  Advaccine  Biotechnology  Company
(China) to advance the development of INO-4800 as a vaccine candidate targeting
SARS-CoV-2. This vaccine is currently in phase I and is undergoing pre-clinical
testing (Chen et al., 2020). The subsidiary of Applied DNA Sciences (New York,
USA),  LineaRx  (New  York,  USA)  and  Takis  Biotech  (Rome,  Italy)  are
developing  a  linear  DNA  vaccine  for  SARS-CoV-2  using  PCR-based  DNA
generation technology.  In  addition,  Moderna (USA) is  developing a  messenger
RNA (mRNA) vaccine against SARS-CoV-2, which encodes the viral S protein in
collaboration with the National Institutes of Health (USA) (Shi et al., 2020).

Recombinant DNA Approaches to Vaccine Antigens:

Protein  antigens  are  produced  using  recombinant  DNA  technology,  where  the
DNA  sequence  coding  for  the  antigenic  protein  is  inserted  into  an  expression
system that is then able to produce large quantities of that specific antigen in vitro
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or  following  administration  to  the  host,  e.g.,  using  a  DNA  plasmid  or  a  live
vaccine vector (panel C) as the expression system. (Adapted from Strugnell et al.,
2011).

Some  centers  are  currently  trying  to  develop  various  types  of  vaccines  against
SARS-CoV-2 and some features of these vaccine types are shown in Table 2.

Table 2. Advantages and disadvantages of vaccines to be developed against the COVID-19 pandemic.

Vaccine Advantages Disadvantages

Live attenuated vaccine • It has a unique ability to stimulate the
immune system by inducing toll-like
receptors (TLR) such as TLR 3, TLR 7/8
and TLR 9 of the innate immune system,
which includes B cells, CD4 and CD8 T
cells.
• It can be derived from cold-adapted virus
strains, reclassifiers and reverse genetics.

• Live attenuated vaccines require
extensive accessory testing to
ensure safety and efficacy.
• During viral replication, there is
a possibility of substituting
nucleotides, resulting in post-
vaccination recombinants.

Inactive Virus vaccines • It is more stable and safer than live
attenuated vaccines.
• The technology and infrastructure
required for its development is already
present.
• Tested for SARS-CoV and a variety of
other diseases.
• Can be used with adjuvants to increase
their immunogenicity.

Additional vaccinations (rapel) are
required to maintain immunity
status.
• Large quantities of viruses must
be processed, and the integrity of
immunogenic particles should be
preserved.

Recombinant vaccines • No exposure to any live elements of the
viral particles.
• It is safe with less side effects.

• Future responses and efficacy are
unknown.

Viral vector-based
vaccines

• It shows a highly specific gene transfer
to the host cell with a strong immune
response.
• It prevents the transport of any infectious
particles and has been widely used for
MERS-CoV with favorable results from
studies.

• The host may have immunity to
the vector due to prior exposure,
which reduces efficiency.
• Can trigger carcinogenesis due to
integration of the viral genome
into the host genome.
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Vaccine Advantages Disadvantages

Nucleic acid-
based
vaccines

DNA
vaccines

• Synthetic DNA is temperature-resistant
and free of cold chains
• It can be developed at an accelerated
time.
• Does not require processing of infectious
viral particle.

• Although it provides both
cellular and humoral immunity,
the titers may remain low.
• Insertion of foreign DNA into the
host genome may cause
abnormalities in the cell.
• May cause antibody production
against itself.

RNA
vaccines

• Translation of mRNA occurs in the
cytosol of the host cell and avoids any risk
of integration into the host genome.

• Safety issues related to
reactogenicity have been reported
for a variety of RNA-based
vaccines.

Different types and rates of vaccines that are being developed against COVID-19
are shown in Fig. (1).

Fig. (1).  The percentages of the COVID-19 vaccines that are in the stage of development in accord with their
biological structures (Kaur et al., 2020).

Immunotherapy  appears  to  be  an  effective  method  for  the  prophylaxis  and
treatment  of  various  infectious  diseases  and  cancers,  which  includes  artificial
triggering  of  the  immune  system  to  elicit  the  immune  response  (Masihi  et  al.,

(Table 2) cont.....
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2001).  The  latest  developments  as  of  September  2020  in  the  status  of  some
vaccines  that  are  being  developed  to  provide  active  immunity  in  COVID-19
pandemic  immunotherapy  and  are  close  to  the  end  are  shown  in  Table  3.

Table 3. Recent developments in the status of some vaccines that are being developed and are nearing
completion for the COVID-19 outbreak.

Vaccine Producer Evaluation - Notes Stages of Clinical
Trials

BNT162
(Kaur et al., 2020)

BioNTech /
Fosun Pharma /
Pfizer

BNT162b1, the mRNA-based vaccine,
induced high dose-dependent nAb titers along
with RBD-binding IgG concentrations after
the second dose. This was accompanied by
CD4 + and CD8 + T cell responses. Vaccine
administration precipitated nonsevere adverse
effects such as fatigue, fever, chills, muscle
pain etc.

Phase 3:
NCT04368728

ChAdOx1
(Folegatti et al.,
2020)

Oxford
University /
AstraZeneca

Preliminary reports of phase 1-2, single-
blind, randomized controlled trials of the
ChAdOx1 vaccine showed spike-specific T
cell responses with anti-spike IgG response in
91% of participants. The neutralization assay
(MNA80), a plaque reduction neutralization
assay (PRNT50) showed 100% response after
a single dose. However, antibodies were seen
in all participants who had a significant
correlation with the neutralizing antibody
titers measured by ELISA. Volunteers
reported local and systemic reactions which
were minimized by paracetamol
administration. Therefore, the vaccine
candidate demonstrated an adequate safety
and immunogenicity profile in phase 1 and 2
clinical trials.

Phase 3:
ISRCTN89951424

mRNA-1273
(Jackson et al.,
2020)

Moderna /
NIAID

The geometric mean of RBD-specific
antibody titers increased rapidly in all
participants. Seroconversion was observed
after 15 days and the median magnitude of
antibody responses was similar to those in
recovering sera. However, the pseudovirus
neutralizing activity was not adequate prior to
the administration of the second dose, which
indicated the need for a two-dose vaccination
schedule. In addition, serum neutralizing
activity, which is a generally accepted
functional biomarker of in vivo humoral
response to respiratory viruses, has not been
determined at this time.

Phase 3:
NCT04470427
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Vaccine Producer Evaluation - Notes Stages of Clinical
Trials

PiCoVacc (Kaur et
al., 2020)

Sinovac Phase 1-2 clinical trials of the inactivated
viral vaccine PiCoVacc showed that the
vaccine induced neutralizing antibodies with
a seroconversion rate of 90% on a 0-14-day
schedule. Preliminary results confirmed that
there were no adverse systemic or local
events post-vaccination.
Phase 2 clinical trials are expected to be
completed by the end of 2020. The company
obtained permission to conduct phase 3
clinical trials in Brazil in collaboration with
Instituto Bhutantan. Moreover, it is expected
to gain further approvals for phase 3 clinical
trials in Bangladesh.

Phase 3:
NCT04456595

Adenovirus Type
5 Vector /
nonreplicable viral
vaccine
(Zhu et al., 2020)

CanSino
Biological Inc. /
Beijing Institute
of
Biotechnology

Randomized, double-blind, placebo-
controlled phase 2 clinical trials of
recombinant Ad5-vectored vaccine proved a
positive cellular response in 5 x 1010 viral
particles with seroconversion of the humoral
immune response. Severe adverse events
were reported in 9% of individuals in the 1 ×
1011 viral particles dose group, and 1% of the
volunteers exhibited these side effects in the
5 × 1010 viral particles dose group.

Phase 2:
ChiCTR2000031781

BBV152 (AC)
(Myupchar, 2020)

Bharat Biotech/
ICMR/ NIV

It is a fully virion-inactivated experimental
vaccine under Phase 1-2 clinical trials. These
trials are expected to highlight safety and
reactogenicity, tolerability and
immunogenicity in healthy volunteers. The
inactivated vaccine will be administered
intramuscularly in two doses on day 0 and
day 14, and 1125 volunteers will be observed
for the next 6 months and evaluated for
immune responses after vaccination. For
vaccine development, the viral strain was
isolated by the ICMR and transferred to
Bharat Biotech, where the inactivation
process was conducted at a BSL-3 facility.

Phase 1-2:
NCT04471519

ZyCoV-D
(CTRI/
2020/07/026352,
2020; Myupchar,
2020)

Zydus Cadila ZyCoV-D is a genetically engineered DNA
plasmid-based vaccine that encodes the
membrane proteins of the virus. In clinical
studies designed to examine the
immunogenicity and safety of the vaccine,
1048 individuals will receive three doses at
28-day intervals.

Phase 1-2: CTRI /
2020/07/026352

(Table 3) cont.....



Principles of Vaccination Demystifying COVID-19   373

SOME  TYPES  OF  VACCINES  BEING  DEVELOPED  AGAINST  SARS-
COV-2

1. Protein Subunit (Subunit) Vaccines

It  is  a  type  of  vaccine  based  on  synthetic  peptides  or  recombinant  antigenic
proteins required to provide long-term protective and / or therapeutic immunity
(Ning et al., 2020). These vaccines trigger low immunogenicity and require the
support  of an adjuvant to potentiate the vaccine-induced immune reactions.  An
adjuvant can increase the biological half-life of the antigenic material or improve
the immunomodulatory cytokine response. Therefore, the addition of an adjuvant
helps to overcome the deficiencies of protein subunit vaccines (Cao et al., 2018).

Consisting  of  S1  and  S2  subunits  of  SARS-CoV-2,  the  S  protein  is  the  most
suitable antigen to induce neutralizing antibodies against the pathogen (Ou et al.,
2020). SARS-CoV-2 binds to the ACE2 receptor through the spike (S) protein and
enters  the  cell  through  endocytosis.  Therefore,  the  S  protein  and  its  antigenic
fragments are the main targets of protein subunit vaccines (Ning et al., 2020). S
glycoprotein is a dynamic protein with pre- and post-fusion states. Therefore, the
antigen must preserve the surface chemistry and the original prefusion S protein
profile to preserve epitopes to fire good quality antibody responses (Graham et
al., 2020).

NVX-CoV2373 (Novavax, Inc. | Emergent BioSolutions): NVX-CoV2373 is a
nanoparticle-based immunogenic vaccine based on recombinant expression of the
stable pre-fusion CoV S-protein (Coleman et al., 2020). The manufacturer plans
to use Matrix-M adjuvant to increase the immune response to the SARS-CoV-2 S
protein  through  induction  of  high  levels  of  neutralizing  antibodies.  In  animal
models,  a single vaccination has been reported to produce high levels of anti-S
protein antibodies that block the human ACE2 receptor binding site and can elicit
SARS-CoV-2 neutralizing antibodies (Novavax covid 19 vaccine trial, 2020).

Molecular Clamp Stabilized S protein vaccine: It is developed by Queensland
University in collaboration with GSK and Dynavax. The University stated that it
is believed to be able to access the vaccine adjuvant platform technology (AS03
Adjuvant  system),  enhance  the  vaccine  response  and  minimize  the  amount  of
vaccine  required  per  dose  (Lee,  2020).  The  university  reported  that  it  is
developing a stabilized prefusion, recombinant viral protein subunit vaccine based
on  Molecular  Clamp  technology,  and  this  technology  has  proven  to  induce
neutralizing  antibody  production  (Tu  et  al.,  2020).

PittCoVacc  (University  of  Pittsburgh):  It  is  a  “Microneedle  Array  (MNA)”
based  recombinant  SARS-CoV-2  vaccine  that  involves  administration  of
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recombinant  immunogens  rSARS-CoV-2  S1  and  rSARS-CoV-2-S1fRS09.  A
significant increase in antigen-specific antibodies with statistical significance was
observed  in  pre-clinical  trials  at  the  end  of  two  weeks  in  mouse  models.
Statistically  significant  antibody  titers  in  the  early  stages,  as  well  as  prior  to
augmentation, have been cited to support applicability of the MNA-SARS-CoV-2
vaccine (Kim, 2020).

Triple Antigen Vaccine (Premas Biotech, India): It is a multiple antigenic VLP
vaccine prototype in which the recombinant  spike tip,  membrane and envelope
protein  of  SARS-CoV-2  are  co-expressed  in  a  predesigned  Saccharomyces
cerevisiae expression platform (D-Crypt ™). This prototype is thought to have the
potential to enter pre-clinical trials as a vaccine candidate after further research
and  development  and  is  considered  safe  and  easy  to  mass-produce  in  a  cost-
effective  manner  (Arora  et  al.,  2020).

2. Viral Vectored Vaccines

It consists of non-pathogenic or genetically modified viruses that can express one
or  more protective  genes  of  a  different  virus.  They provide effective  immunity
with a high reliability by stimulating the humoral and cellular response for a long
time. These vaccines are highly specific in delivering genes to target cells. It is
highly effective in gene transduction and strongly induces the immune response
(Ura  et  al.,  2014).  Due  to  their  long-term  and  high  level  of  antigenic  protein
expression, these vaccines have been reported to induce cytotoxic T cells (CTL)
leading to the elimination of virus-infected cells and have considerable potential
for prophylactic use (Le et al., 2020).

Ad5-nCoV (CanSino Biologics Inc / Beijing Institute of Biotechnology): The S
protein recombinant of SARS-CoV-2 is a replication-defective adenovirus type-5
vector (Ad5). The plasminogen activator signal in the Ad5 vector lacking the E1
and  E3  genes  was  prepared  by  cloning  an  optimized  full-length  gene  of  the  S
protein together with the peptide gene.  Phase I  clinical  trials  elicited a positive
antibody  response.  A  four-fold  increase  in  NEA  for  neutralizing  antibodies
specific for RBD and S protein was noted within 14 days after inoculation and
peaked on day 28 post-vaccination. In addition, CD4 + T cells and CD8 + T cells
response  peaked  on  day  14  post  inoculation.  However,  pre-existing  anti-Ad5
immunity partially limited both antibody and T cell responses (Zhu et al., 2020).
The study reported that, with follow-up 3 and 6 months after vaccination, it will
further evaluate antibody response in recipients aged 18 to 60 years and receiving
one of three study doses (Kaur et al., 2020).

Coroflu (University of Wisconsin-Madison / FluGen / Bharat Biotech): It is a
M2SR  vaccine,  a  self-limiting  version  of  the  influenza  virus  modified  by  the
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addition of the SARS-CoV-2 gene sequence of the S protein. This vaccine also
expresses  the  hemagglutinin  protein  of  the  influenza  virus;  thus,  inducing  an
immune  response  against  both  viruses.  M2SR  is  self-limited  and  does  not
replicate as it lacks the M2 gene. It enters the cell and triggers immunity against
the virus. It is planned to be administered into the nose to mimic the natural path
of viral infection. The intranasal route of administration activates various modes
of the immune system and has higher immunogenicity compared to intramuscular
injections (Kaur et al., 2020).

LV-SMENP-DC (Shenzhen Geno-Immune Medical Institute):  It  is  prepared
by engineering dendritic cells (DC) with a lentiviral vector expressing conserved
domains  of  SARS-CoV-2  structural  proteins  and  protease  using  SMENP
minigenes.  SC  administration  of  the  vaccine  presents  antigens  on  antigen
presenting cells (APCs), and ultimately activates cytotoxic T cells and generates
an immune response (Le et al., 2020).

ChAdOx1 (Oxford University): The ChAdOx1 recombinant adenovirus vaccine
was developed using the  codon-optimized S glycoprotein  and synthesized with
the tissue plasminogen activator (tPA) leader sequence at the 5' end. The SARS-
CoV-2 coding sequence for amino acids and the tPA leader was amplified in the
shuttle plasmid. This shuttle plasmid is responsible for encoding the major early
genes of human cytomegalovirus (CMV) together with the polyadenylation signal
from  bovine  growth  hormone  (BGH)  between  the  tetracycline  operator  (TetO)
regions  and  the  Gateway®  recombination  cloning  site.  The  adenovirus  vector
genome is created in the Bacterial Artificial Chromosome by inserting the SARS-
CoV-2 S gene into the E1 locus of the ChAdOx1 adenovirus genome. The virus
was then allowed to grow in T-Rex 293 HEK (Human Embryonic Kidney 293)
cell lines and purified by CsCl gradient ultracentrifugation. In preclinical studies,
the  absence  of  any  sub-genomic  RNA  (sgRNA)  in  intramuscularly  vaccinated
animals is indicative of increased immunity to the virus (Doremalen et al., 2020).
The  vaccine  has  entered  phase  II  clinical  trials  where  it  will  be  evaluated  in  a
large sample of the population (Kaur et al., 2020).

3. MRNA Vaccines

In recent months,  some work has been done on non-replicating RNA and virus
derived  self-replicating  RNAs.  In  these  studies,  the  immunogenicity  of  mRNA
can  be  minimized,  and  changes  can  be  made  to  increase  the  stability  of  these
vaccines.  Also,  since  mRNA  is  the  minimal  immunogenic  genetic  vector,  it
allows repeated administration of the vaccine, so anti-vector immunity is avoided 
(Cuiling et al., 2020) . This   platform    has   strengthened   the    rapid    vaccine
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development  program  due  to  its  flexibility  and  ability  to  mimic  the  antigen
structure and expression seen during a natural infection (Mulligan et al., 2020).

mRNA-1273 (Moderna TX, Inc): It is a vaccine consisting of synthetic mRNA
encapsulated  in  Lipid  nanoparticle  (LNP)  encoding  the  full-length,  pre-fusion
stabilized S protein of SARS-CoV-2. It has the potential to elicit a potent antiviral
response specific  to  the S-protein.  It  is  considered to  be relatively safe  since it
does not use any of the inactivated pathogen or subunits of the living pathogen in
its construction (Tu et al., 2020). The vaccine received rapid approval from the
FDA  to  run  phase  II  studies  (Kaur  et  al.,  2020).  The  manufacturer  published
phase I interim data on antibodies of 8 participants who received various doses,
and  participants  of  the  25  μg  dose  group  exhibited  comparable  results  with
healing sera. Meanwhile, NEA for nAb levels of participants receiving the 100 μg
dose, exceeded the levels found in healing sera. While the vaccine appeared to be
predominantly safe and well tolerated in the 25 μg and 100 μg dose cohorts, three
participants  were  reported  to  experience  “grade  3  systemic  symptoms”  after
administration  of  the  second  shots  of  250  μg  dose  levels  (Kaur  et  al.,  2020).

BNT162b1  (BioNTech  /  FosunPharma  /  Pfizer):  BNT162b1  is  a  codon-
optimized  mRNA  vaccine  encoding  trimerized  SARS-CoV-2  RBD,  a  critical
target of the nAb virus. The vaccine exhibits increased immunogenicity due to the
addition  of  the  T4  fibritin-derived  foldon  trimerization  domain  to  the  RBD
antigen.  The  mRNA  is  encapsulated  in  80  nm  ionizable  cationic  lipid
nanoparticles  that  ensure  its  efficient  transmission.  Phase  1-2  clinical  trials
revealed that  high RBD-specific  IgG antibody levels  were as  high as  8  to  46.3
times  the  geometric  mean  concentration  of  the  recovery  serum.  Whereas  the
geometric mean titers of SARS-CoV-2 neutralizing antibodies were found to be
1.8  to  2.8  times  the  healing  serum  panel.  No  serious  side  effects  were  seen;
however,  transient  local  reactions  and  systemic  events  have  been  observed
(Mulligan  et  al.,  2020).

4. DNA Vaccines

The  most  innovative  approach  to  vaccination  is  the  introduction  of  a  DNA
vaccine encoding the antigen and an adjuvant that induces an adaptive immune
response. Transfected cells express the transgene that provides transgene-specific
proteins that are highly similar to the live virus. The antigenic material is taken up
by endocytosis by immature dendritic cells that ultimately present the antigen to
CD4 + and CD8 + T cells in conjunction with MHC-2 and MHC-1 antigens on the
cell surface. Thus, it stimulates effective humoral and cellular immune responses
(Hobernik et al., 2018).
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INO-4800 (Inovio Pharmaceuticals): It is a prophylactic DNA vaccine against
SARS-CoV-2 (Kaur et al., 2020). It uses the codon-optimized S protein sequence
to which the IgE leader sequence of SARS-CoV-2 is attached. SARS-CoV-2 IgE-
spike sequence was synthesized and digested using BamHI and XhoI. Digested
DNA was incorporated into expression plasmid pGX0001 under the direction of
the  IE  CMV  and  BGH  polyadenylation  signal.  The  presence  of  functional
antibodies and T cell reaction in preclinical studies suggest that the vaccine can
produce an effective immune response within 7 days after vaccination (Smith et
al.,  2020).  The  vaccine  entered  Phase  I  clinical  trials  (Phase  I:  CT04336410).
Participants  received  1.0  mg  of  INO-4800  by  electroporation  using  the
CELLECTRA® 2000 device per dosing visit. At the end of the trial period, the
immunological  profile,  safety,  and  tolerability  of  the  vaccine  candidate  on
intradermal injection and electroporation in healthy adults will be evaluated (Kaur
et al., 2020).

5. Attenuated Live Vaccines

It is produced by reducing the ability of viruses to cause disease without changing
their immune ability. These vaccines stimulate the immune system (lymphoid and
myeloid  cells)  in  the  body.  It  is  derived  from  microbial  agents  attenuated  by
physical, chemical, or biological means under laboratory conditions (Badgett et
al., 2002).

DelNS1-SARS-CoV2-RBD  (University  of  Hong  Kong):  This  vaccine  is  an
influenza-based vaccine strain with a deletion in the NS1 gene. It is rearranged to
express the RBD domain of the SARS-CoV-2 S protein on its surface and grown
in chick embryo and / or Madin Darby Canine Kidney Cells (MDCK) cells. It is
potentially  more  immunogenic  than  natural-type  influenza  virus  and  can  be
administered  as  a  nasal  spray  (Kaur  et  al.,  2020).

6. Other Vaccines

The uncovering of the structure and genome of SARS-CoV-2 has led to the rapid
development of various vaccine candidates with potential immunogenicity as well
as adverse reactogenicity. Various biotechnology initiatives are used to develop
vaccines. British and American Tobacco Company (BAT) has recently developed
the COVID-19 vaccine using the new and fast-growing tobacco plant technology,
and  Tianjin  University  produced  an  oral  vaccine  which  successfully  uses
Saccharomyces  cerevisiae  (Kaur  et  al.,  2020).
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Self-Assembling  Vaccine  (HaloVax):  The  vaccine  uses  a  heat  shock  protein
(HSP) to activate the immune system. It consists of a fusion protein sandwiched
between a HSP and Avidin. Biotinated immunogenic peptides can also be added
to customize the vaccine (Voltron Therapeutics, Inc, 2020)

PUBLISHED INTERIM RESULTS OF PHASE 3 CLINICAL STUDIES OF
SOME VACCINES DEVELOPED AGAINST SARS-COV-2

1.  BNT162b2  mRNA  COVID-19  Vaccine  Phase  3  Safety  and  Efficacy
Analysis Results

Phase 3 safety and efficacy analysis of BNT162b2 mRNA Covid-19 vaccine was
erformed  via  an  ongoing  multinational,  placebo-controlled,  observer-blind  trial
with,  43,548 participants aged 16 and over (randomized at  a 1:  1 ratio).  In this
study, two doses of 30 μg each dose were administered 21 days apart, the control
group  was  given  a  placebo  injection,  and  the  BNT162b2  vaccine  was
administered  to  the  vaccine  group,  and  the  data  obtained  were  shared  with  the
public  (Polack et  al.,  2020).  Within the scope of  the study,  9 COVID-19 cases
were identified among the vaccine group participants, one of which started one
day after the first  dose, 8 started at least 7 days after the second dose; and 171
among the control group participants; 9 started after the first dose and 162 at least
7  days  after  the  second  dose.  The  BNT162b2  vaccine  was  found  to  be  95%
effective in preventing COVID-19 (95% Cl; 90.3 – 97.6). Similar vaccine efficacy
(usually  90  to  100%)  was  observed  in  subgroups  defined  by  age,  sex,  race,
ethnicity,  baseline  body  mass  index,  and  presence  of  comorbid  diseases.  The
incidence of serious side effects was found to be low and similar in vaccine and
control  groups.  The  safety  profile  of  the  BNT162b2  vaccine  has  been
characterized by short duration, mild / moderate pain at the injection site, fatigue,
and headache.

In  brief,  a  two-dose  BNT162b2  vaccine  has  been  reported  to  provide  95%
protection against  COVID-19 in individuals aged 16 and over,  its  safety for an
average of two months, similar to other viral vaccines.

2.  Results  of  Phase  3  Safety  and  Efficacy  Analysis  of  ChAdOx1  nCoV-19
Vaccine

Phase 3 safety and efficacy analysis of the ChAdOx1 nCoV-19 vaccine includes
data from four ongoing single-blind, randomized, controlled trials in the United
Kingdom, Brazil, and South Africa (Folegatti et al., 2020). Participants aged 18
and  over  were  randomized  to  the  vaccine  and  control  group  with  a  1:  1  ratio
(meningococcal group A, C, W, and Y conjugated vaccine or saline). Participants
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in  the vaccine group received two doses containing 5 x 10 µl  of  viral  particles
(standard dose; SD / SD cohort). A subset in the UK trial received a standard dose
with their first dose as half dose (low dose) and second doses (LD / SD cohort).
The  primary  efficacy  analysis  included  nucleic  acid  amplification  test  positive
symptomatic COVID-19 in seronegative participants 14 days after a second dose
of vaccine. Participants were analyzed for treatment received up to the data cut-
off date on November 4, 2020. Vaccine efficacy was calculated as 1− relative risk
derived from a strong age-adjusted Poisson regression model.

A total of 23848 participants were enrolled in the study between 23 April and 4
November 2020, and 11636 participants (7548 in the UK, 4088 in Brazil) were
included in the interim primary efficacy analysis. The vaccine efficacy was 62.1%
in participants who received two standard doses, and 90.0% in participants who
received the low dose and then the standard dose (the overall vaccine efficiency
was 70.4%). 21 days after the first dose, 10 in the control group were hospitalized
due to COVID-19; 2 are classified as severe COVID-19, and one patient died. 175
serious  side effects  were  observed in  a  month in  168 participants;  84 of  which
occurred in the vaccine group and 91 in the control group.

This  interim  analysis  of  ongoing  clinical  trials  concluded  that  the  ChAdOx1
nCoV-19 vaccine has an effective and acceptable safety profile against COVID-
19.

WILL  THE  SARS-COV-2  VIRUS  VACCINE  BE  ABLE  TO
EFFECTIVELY PROTECT US AGAINST THE EPIDEMIC? IF SO, HOW
LONG WILL IT PROTECT?

It  is still  unclear whether infection with SARS-CoV-2 in humans protects from
reinfection and how long it will protect it if it does.

Protection for  any viral  infection usually  relies  on a  certain  level  of  antibodies
acquired through vaccination or natural infection, which significantly reduces the
risk of  reinfection.  For example,  a  hemagglutination inhibition titer  of  1:40 for
influenza  virus  reduces  the  risk  of  infection  by  50%  (Krammer  et  al.,  2020).
Similar titers have been established for measles virus (an ID 50 titer of 1: 120),
hepatitis A virus, hepatitis B virus, and others (Plotkin et al., 2010). These titers
guided and facilitated vaccine development. For some viruses and vaccines, the
kinetics  of  the  antibody  response  is  also  highlighted  and  allows  a  precise
prediction  of  how  long  protection  will  last  (Herc  et  al.,  2001).

In  studies  on  COVID-19  patients,  it  is  proven  that  neutralizing  antibodies  are
induced,  and  these  antibodies  can  last  for  years  and  can  protect  against  re-
infection or  alleviate  the disease in case of  reinfection (Huang et  al.,  2020).  In
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primate models, infection with SARS-CoV-2 protects from reinfection, at least for
some  time  (Deng  et  al.,  2020;  Chandrashekar  et  al.,  2020).  In  addition,  an
experimental study showed that transferring animal serum infected with SARS-
CoV-2 and recovered to non-infected animals can be protective and significantly
reduces viral replication in case of infection with this virus (Imai et al., 2020).

In a study conducted in New York, based on a dataset of 30,082 people screened
at Mount Sinai Health System, the vast majority of infected individuals with mild
to moderate COVID-19 developed strong IgG antibodies to the viral S protein for
at least about 5 months. (Wajnberg et al., 2020). The data of this study disclosed
that over 90% of seroconverters elicit detectable neutralizing antibody responses.
These titers remained relatively constant over several months after infection.

CONCLUSION

In conclusion, developing a vaccine is both a very demanding process, and it also
requires  long-term evaluation  at  some clinical  stages.  In  this  regard,  organized
efforts continue in various centers around the world. In order to safely get rid of
this  pandemic  disease  threat,  it  is  necessary  to  develop  the  vaccines  with  due
safety profile and put into use quickly by announcing the effects and side effects
recorded  in  the  phase  trials  with  the  public.  Openness,  accountability,  and
transparency are of utmost importance both for the regression of possible vaccine
opposition  and  also  for  gaining  access  to  vaccines  by  everyone,  especially  by
vulnerable groups and labor class.  Therefore,  providing free access to vaccines
with a social state approach is vital.
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