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2019 ~
COVID-19 (SARS-CoV-2)
Coronavirus

1918 - Spanish Flu (HINI) At least 772,296 deaths
Influenza A virus as of August 18, 2020

2009 - Pandemic Flu (HINT)
Influenza A virus
1957 - Asian Flu (H2N2)

Influenza A virus

|

1968 - Hong Kong Flu (H3N2)
Influenza A virus

1910 1930 1950 1970 1990 2010 2020 Year
1

1 1 1 1
I T L l'l T T ol

Approximately 50 million deaths § Approximately 1 million deaths
(2.68% of world population) [ (0.03% of world population)

Approximately 1.5 million deaths  Approximately 300,000 deaths

{0.05% of world population) (0.004% of world population)
Timeline | Timeline of coronavirus emergence events MERS-CoV was isolated from the
sputum of 2 60-year-old Saudi Arabian
(1200-1500) HCoV-NL63: molecular HCoV-0C43: molecular clock male who had been hospitalized for
clock analyss*indicates that bat analyssof BCoV and HCoV-0C#3 8c i fatal
n spike ’ failure.
VLGS most afected i
rorin calves on 32 farms with causes-50% moraity ininfected,
years ago™ i 1890 (REF. 53) o "

(1700-1800) HC: PEDV: C SARS-CoV: SAR
clock analysis indicates that detected Guangdong . China,in Novemb
| HCoV-299E and i 00 2003
lineage from oV, was.
approximately 213-327 years ago’ four swine farms** found to be the causative agent’- 15417
BCoV, A oV,
FBCoV, respi irus; SARS, oV,
atwhich h

Alveoli

Coronavirus Timeline: The Beginning

%) & ¥

China alerts WHO Identification of new First case outside Death toll climbs to
about several virus COVID-19 China reported in 132, 6000 new
pneumonia cases Thailand cases reported
’
2019 2020
A \~ I
Dec 31 Jan7 Jan13 Jan29
Firstpatient develops  Wuhan's wholesale First deathin Wuhan placed under
symptoms of Wuhan  seafood market shut Chinarecorded quarantine, rail and air
coronavirus down services suspended
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- Compared to SARS and MERS, COVID-19 has spread strikingly fast: While MERS
took two and a half years to infect 1,000 people, and SARS took roughly four months
to hit that figure, COVID-19 reached 1,000 cases in just 48 days.

SARS-CoV-2 WHO
reported in declared
Whuhan, COVID-19 a
China by global
WHO pandemic
e &6 ©
COVID-19 Global cases
named global exceeds 267
health millions with
emergency >5 millions
by WHO death

COVID-19 looks a lot closer to the season flu than to previous
coronavirus outbreaks

M Fatal cases [l Non-fatal cases

CoVID-19 Seasonal flu MERS
Fatal cases: Fatal cases: Fatalcases Fatal cases:
3.4% 10% %

COVID-19, SARS, and MERS data are global and toial to date. Seasonal flu data are U.S, for the 2018-2019 season.
Chart: Elijah Wolfson for TIME  Source: CDC and WHO « Created with Datawrappe

Public Health -
Response Medical Treatment
Response
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COVID-19 VS OTHER DISEASES e

Scientists use "R naught," or RO, to estimate how many other
Estimates suggest the COVID-19 coronavirus is less deadly than the related people one sick person s likely to infect

illnesses SARS or MERS, but more infectious (R,) than seasonal influenza.

BO e ® Ebola oo

1]
e
LR
) oo ere e ettt e e T
MERS Covid-19
= ° 2-25
3 ! t 1
3 11t it 1t
L, ® Tuberculosis it 11 1ateeee
tereeneee tHeRenee feenteeeee
O v SARS ety ¢ Zika Measles Ebola
CoVIDAg 4 o ee s 2
Seasonal flu gue B2 _g 1918 pandemic flu A(HIN1) ‘
0= o e T |
0 1 2 3 4 5 6 1 1 1
Basic reproduction number (R ) 1t 1] i
e feeee fheee

LLLLLL O Lo i
PRERRRARRE  AARARRRRE RARRERRE4S

Contagious, resistant, mostly mild or asymptomatic, long HIV Seasonal flu Norovirus
transmission period, sometimes severe complication, no H Hietf
medication, not yet vaccination, etc...

Case Fatality Rate (CFR)

14
12.25
12
10.22 )

10 9. 9.44
8
6 5.54

4.02
! 1. 74 236 242
2 13 1.30
0 |

& & \\(f' S & R
Q\“\ < \%?‘Vo \?Q \‘ Q‘? %QA@’»‘&' QO}@ N}

@

Mortality and Resources

COVID-19 mortality rate vs medical resources per 1,000 people
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Case Fatality Rate (CFR)

Y%+ countries .

Outbreak ' Initial Control ' Mitigation ' Plateau

France | n
Estimate 3.26:3.30 | stimato 3.25-3.29

! ra :
i 3 :
H ‘Actual 41 Actual 331 !
‘ | :
| ous Roar Estimate 3.243.28 |
| Esumato 32041 L
| Actual 45 ' :

(+) :
A canada |
S Estimate 48412

UK )
Estimato 49413 |

Turkey
Estimate 4.13-4.17

{ Search by Country, Territory, or Area i < Overview Measures Data Table Explore
WHO Coronavirus (COVID-19) Dashboard Backtotop i
Situation by WHO Region _ oaly oeaths || Count
Americas 98,179,933 -
Europe 90,485,279
South-East Asia 44,603,929 -
— crtimes
Eastern Mediterranean 16,901,393

n
Western Pacific 10,487,457
- condmed
s
- A it

ccccc un20 e Secar vt sn s

Globally, as of 4:08pm CET, 9 December 2021, there have been 267,184,623
confirmed cases of COVID-19, including 5,277,327 deaths, reported to WHO. As of 8
December 2021, a total of 8,158,815,265 vaccine doses have been administered.



Eastern Mediterranean

16,901,393

confimmed cases

Dec 3t Mar 31 Jun 20 Sepd

400k
200k
|||||“ “m Ml
£y
P

| Mar 31 Jun 30 Sep

Dec

Iran (Islamic Republic of) Situation 7 oo [

6,144,644

confirmed cases

130,446

deaths

US, UK and Iran

or 1008)
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Daily Coronavirus Deaths in Iran

5
P 22 EEEEE2 2 E 533 22 EEEEERES
PEFEEFEEIEEEZEEES0ETIIIIITIIEELIEIIIII LS
By cRagty i abppegy gty s g R NREEE oy
2020 2021
Cumulative confirmed COVID-19 deaths per million people
Due to limited testing and challenges in the attribution of the cause of death, confirmed deaths can be lower than
the true number of deaths.
Nodata 0 500 1,000 1,500 2,000 2,500 3,000 3,500 >4,000
L I
Source: Johns Hopkins University CSSE COVID-19 Data ccey

COVID-19 Deaths Per 100,000
Inhabitants: A Comparison

COVID-19 deaths per 100,000 of the population
in the 10 worst affected countries’

rers ¢ I - -
united states <= NG - <5
wesico ¢» I - -
soiivia & [ NG = s°
cotombia < |G 25 25

Iran & 22.33

south Africa & [N 1757

* As of August 09, 2020 at 03:00 AM EDT
Source: Johns Hopkins University

@® statista®a

United Kingdom




Cumulative deaths aftributed to Covid-19 in European Union, US, UK, Iran and India

Cumularive dearhs (per 100K

European Union

The Countries Best And Worst

Prepared For A Pandemic

Country score in the 2021 Global Health Security Index
rating the ability to respond to epidemics/pandemics”

“’\,-
Best prepared ‘
M 80.1-100.0
60.1-80.0 ‘
40.1-60.0
M 20.1-40.0
M 0.0-20.0
Worst prepared

[ ]
Mashhad

Kerman
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Share of people vaccinated against COVID-19, Dec 8, 2021
Alternative definitions of a full vaccination, e.g. having been infected with SARS-CoV-2 and having 1 dose of a
2-dose protocol, are ignored to maximize comparability between countries.

M Share of people fully vaccinated against COVID-19 [l Share of people only partly vaccinated against COVID-19

Br. 71%
——————————————————————————————w{{;
United Kingdom 75%
Gy e —— |2
United States | 1/
hailand 70%
e
Turkey 6%
e ———————gs 17
India % %
| — 5
Indonesia m %
ssia q fo
Bangld e ———— 7
Pakistan P4
ilippines %
South Africa q_}m
;eo%mzl S — 20/
i
lger r
Tangania mm 2.6%
0% 20% 40% 60% 80%

Source: Official data collated by Our World in Data. This data is only available for countries which report the breakdown of doses administered
by first and second doses in absolute numbers
ccByY

Jol jgd JLw 1P gUL s o cuaas 3uops AD (595SU
23 Q92wliwSlg J-olS gy 9 351655 G55 |
ol 03w 3oy V1 ay L83 Cusas

Olio g2piaS Jol jgs G255 303 Vo Ly a8 liwl
wobaisl 395 ay ) 5guisS )3 (gawlinwSlg jl Judiwl
Obiwy)S liwl g3 loslls 3 g cowl o3l
Ol 9 gy «3m0yd YV Ly jydl o)y VE L
Jl Judsiwl glioe gpiaS 3oy VA Ly Lzl g
Aol 1y ¢ggawbiuunSlg

Daily COVID-19 vaccine doses administered per 100 people
Number of daily doses administered (rolling 7-day average), divided by the total population of the country. Al
doses, including boosters, are counted individually.

0.6 China

Iran

United States

0
Dec 14, 2020 Apr 15, 2021 Jul 24, 2021 Dec 8, 2021

Source: Offcial data collated by Our World in Data ~ Last updated 9 December 2021, 10:20 (London time)
OurWorldinData org/coronavirus « CC BY



COVID-19 vaccine doses administered per 100 people

All doses, including boosters, are counted individually. As the same person may receive more than one dose, the
number of doses per 100 people can be higher than 100

Nodata 0 20 40 60 80 100 120 140 160 180 200 220 240 260

Source: Offical data collated by Our Worid in Data  Last updated 9 December 2021, 10:20 (London time)
OurWorldinData.org/coronavirus - CC BY

COVID-19 vaccine doses administered per 100 people, by income group
Al doses, including boosters, are counted individually. As the same person may receive more than one dose, the
number of doses can be higher than the number of people in the population.

High income
Upper middle income
140
120
100
80
Lower middle income
60
40
20
Low income
0
Dec 1, 2020 Feb 24, 2021 Jun 4, 2021 Sep 12,2021 Dec 8, 2021
Source: Official data collated by Our World in Data, World Bank OurWorldinData.org/covid-vaccinations + CC BY

Note: Country income groups are based on the World Bank classification.

How Effective Are The Covid-19
Vaccine Candidates?

Estimated effectiveness at Covid-19 prevention based on
interim data from late-stage clinical trials”

MRNA-1273 &

BNT162b2 &

reer & o tecn o I ©=*

Gam-COVID-Vac
u

Sput 0
—e oo Loy

Research Institute)
ChAdOx1 nCoV-2019 o
AstraZeneca) 5

* As of Nov 23, 2020. Phase Il trials for BNT162b2 are complete.
Other trials are ongoing and findings have not been peer-reviewed.
Sources: Respective companies, Russian health ministry

©@®6 statista %

33995 (sl 60U

Covid 19

The Comprehensive
National Congress On Covid 19

e




Daily new confirmed COVID-19 deaths per million people
7-day rolling average. Due to limited testing and challenges in the attribution of the cause of death, confirmed
deaths can be lower than the true number of deaths.

IN

1 Iran

Mar 1, 2020 Aug 8,2020 Nov 16,2020 Feb 24,2021  Jun 4, 2021 Dec 8, 2021‘

Source: Johns Hopkins University CSSE COVID-19 Data ccey

Predict Trajectories
A st

Mean
1

|

Moderately Low |
Risk 1

short seeding time |

S

A Hypothetical Epidemic Curve

w1
U
@
o [
- =
5] ©
o 5 o
& | long doubling time | o b.:
= 1 g O
L e e e e e e e a2 b = 9
g | Mean E £
3 ! ) L
o 1 ]
=
! B
=3
! g
' 3
| I—-—-'-""/ ‘ S
i 1 ' ~
Seeding Time Time (Days)

Total confirmed COVID-19 cases per million vs. Doubling time of total
confirmed cases, Mar 21, 2021 to Dec 10, 2021
The number of confirmed cases is lower than the number of total cases. The main reason for this is limited testing

G Exemnians

70,000 o Asia

60,000
é Mar Dec
g 50,000 21, +e>10
8 2021 2021
2
8 Iran
& 40,000 Mar 21,
a5 ¥ Axis 31,18183
& redess
s
[ 80,000 Oct 5, 2021
$ Yhem s
g Shsr3od e
€ 20,000
8
2
* 10,000

0
Odays 50 days 100 days 150 days 200 days 250 days 300 days
o Doubling time of total confirmed cases
32995 sl 6L

Source: Johns Hopkins University CSSE COVID-19 Data - Last updated 11 December, 16:05 (London time) Powered by ourworldindata org
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® Thailand

® Australia

© Malaysia

® singapore

Early Stage Epidemic

e
Viet Nam

Emirates

United Arab

®Japan

B Late Stage Epidemic

@ singapore

°

Viet Nam

United Arab
Emirates o

olapan

Iran (Islamic Republic of)

Netherlands
Switzerland
0O Austia

® Turkey
5 10

oltaly

15 20

India®  Federation

Sweden

© Belgium

2 30

Russian

spain_ @ Finland ®  §

Philippines

35 40

iran (islamic Republic of)
Netherlands o
®
©- Malaysia
6, @ y:
2 » Thailand °
o/ e italy
Austria
o | Switzerland ~ Turkey

0 5 10 15 20

Belgium

Spaine @

2

Sweden

30

India®
Finland

Philippines
o ®

Russian
Federation

35 a0

Seeding Time (Days) Seeding Time (Days)

Determination of mean seeding time (ST) and mean
doubling time (DT) and ST/DT Model sensitivity anal-
ysis. a With seeding number (SN) set to 12 cases for
all countries and seeding time (ST) for each country
calculated as the number of days required to reach
SN =12, early epidemic stage doubling time (DT) for
each country was calculated as the mean number of
days required to observe case doubling to 24, 48,
and then 96 cases. All 20 countries were plotted on
the ST/DT Model coordinate plane and overall mean
ST was found to be 18 days (Horizontal line) and
overall mean DT was found to be 5days (Vertical
line). b For sensitivity analysis, later epidemic stage
DT was calculated as the mean number of days for
each country to observe case doubling to 192, 384,
and 768 cases. The countries with the largest chang-
es from early to later stage epidemic were Austra-
lia, Malaysia, and Thailand, all of which moved from
moderately low risk to high risk. Viet Nam also had
a marked reduction in DT but remained moderate-
ly low risk. All countries in the moderately high risk
quadrant moved closer to the mean DT line but did
not cross over into the low risk quadrant. The only
country that did not move at all (ie, had no change in
DT) was Switzerland

2908 38 ilag Bl Joal! gius ale g wo y8 Wig

8104 78.32 8285 7829

7757
8074y g3
6042

57.88 58.58 kit
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several mutations

more transmissible
younger individuals

mild disease

increased risk of reinfection
Vaccines are effective?

PCR for dx?

Entered IRAN?

OMICRON distribution as of 10 Dec 2021
11 NOV 2021 in S. Africa

Local transmission Omicron detected in a traveler




Crisis Management

Communication

Decision
Making

Core Values

Principles of
Leadershipin
< aCrisis P

e

Tense

Qlation

A snapshot of early Covid-19 testing per capita

Test and Trace s e

7695 tested”

Japan 121M
[ SR
100,000 ¥ s v Jnted States
yrusogion
Soomhics i
F saan sex U 350 Netherlands
P SR 6000
© govena g plrarc pres
. it o doans
goomsa 3
gy goues FL)
- §itonesa fakistan

.

Moo 220M

wam
10000

Total COVID 19tests

pon
&

3 Italy s0sM
49937
2 100 1000 10000 At
Tots confrmed cases o COVID19. 106

2820 Guangdong, China nasm

NOTE: Tetmary 28
Time Iy a0 South Korea
Easy Access

ngm .
Mitigation
Flattening the COVID-19 Case Curve

Number
of cases

Without
measures to
slow the rate

& o=tz Capacity of Healthcare System

Capacity can actually
decrease as healthcare

workers get sick or are
placed under quarantine

Measures taken to slow
the rate of infection
(e.0. social distancing,

i

Time since first case

®

“Test counts do ot ncude fullreporting rom al USabs ‘m
Source, Cove Trackig Prjec usieselnsce.the Atant, Tan COC-
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Suppression

300
— Surge critical care bed
i 250 capacity
H — Do nothing
28 L,
3g Case
- isolation
g - 150 Case isolation and.
Chart 13: Suppression vs. Mitigation vs. Do Nothing — early on ® % household quarantine
§3 Closing schools and
3 § 100 universities
Miigat S \ — Case isolation, home
S 50 quarantine, social distancing
\‘\ The Hammer The Dance o o o N o o »
\ ©
L o« v"(ﬂ’ ¥ W & K W o Sl
o o7 w0k * Ongong
bo
MOST EFFECTIVE NPIs s
Case Isolation o
Home Quarantine
. ) . "
Social Distancing
o

Summarizing Strategies

PCR+

| ILLNESS

CONTAGIOUS

ASYMPTOMATIC

EXPOSURE

ANTOBODY

EXPOSURE

ONINNV1d
INILINV¥VNO
ONINIVYL
DNIDNV1SIa
ONIN3IIHOS
NOILV10SI
NOILVOILIN
ONIDVYL LOVINOD
FONVTIIIAYNS
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Possible Future Scenarios

X * Monitor the trajectories and trends
No effective * Apply proper and timely strategies
Vaccine * Discuss long-term adaptation

o " * Assess Vaccination effectiveness
Massive * Consider equity in access
Vaccination « Define priorities (e.g. HCW)

> Rel . * Define vulnerable individuals
€lapsing * Design appropriate strategies
Epldemlc * Increase testing and tracing capacity

Evolving : * Define the genetic mutations
Epidemic ¢ Re-evaluate the nature of the outbreak
* Consider changes in protocols

Action Plan

Data Gathering

INFORMATION Surveillance
Communication

Contact Tracing

Support high risk population
Law and Orders
Environmental Disinfection
Maintaining Security

Air and Land Transport

ENGAGEMENT

Education and prevention
o [\ K1Y (645 Testing and Screening
Military Hospitals

Shelter Hospitals

Technology Development
ECONOMIC PPE distribution

INVOLVMENT Hospital logistics
Vaccine providing
Economic Support Aid
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Efficacy and Safety of SOBERANA 02,a COVID-19 conjugate
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MSK Manifestations of COVID-19

Covid-19 Pandemic

- On December 31, 2019, cases of unexplained pneumonia were reported
in Wuhan city, China

- After performing extensive investigations, isolation of a virus related to
the genus coronaviruses was done and later named

- Novel coronavirus (COVID-19) by the world health organization on 12
January

Definition of SDH

- The social determinants of health (SDH) are
the non-medical factors that influence health
outcomes.

CORE
DETERMINANTS

- They are the conditions in which people are OF HEALTH
born, grow, work, live, and age, and the wider
set of forces and systems shaping the condi-
tions of daily life.

SDH Components

Examples of the social determinants of health
- Income and social protection

- Education

- Unemployment and job insecurity

- Working life conditions

- Food insecurity

- Housing, basic amenities and the environment

- Early childhood development

- Social inclusion and non-discrimination

- Structural conflict

- Access to affordable health services of decent quality.
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Importance of SDH

- Recent estimates attribute 10 to 20 percent of health outcomes to med-
ical care

- 30 percent to genetics,
- 40 to 50 percent to behavior,
- 20 percent to the social and physical environment.

Socio-demographic Index (SDI)

- Summary measure that identifies where countries or other geographic
areas sit on the spectrum of development.

- SDI is a composite average of the rankings of the
Incomes per capita,
Average educational attainment, and
Fertility rates of all areas in the GBD study.

Socio-demographic Index (SDI)

- SDI is highly correlated with many of the health outcomes

- For example, fertility captures differences in the number of people in
different age groups in a country, which is in turn linked with mortality
patterns.

- In a country with a large number of older people, for example, more peo-
ple die than in a country with greater numbers of young people.

Sociodemographic-Index groupings by country

-
v WP
~ M‘*b
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v
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COVID-19 and income inequality in OECD coun-
tries

Mean sd Min Max
‘Cases per-million ‘ 2742 271,79 13602 T1413.36
Deaths per-million 17503 21406 408 841.27
GDP per capita 4188982 22002 937018 116,639.80
Not in Eurape 0.28 045 0.00 100
Days since first case reported 11231 1856 88.00 148.00
Proportion of population aged over 65 1775 401 122 2758
Life Expectancy at birth 8072 256 7480 8420
Days from first case to lockdown nn 254 200 115.00
Maximum lockdown stringency index 7880 1189 4600 96.00
Gini 3270 522 2420 4540

COVID-19 and income inequality in OECD coun-
tries

- A strong association between income inequality and the number of
COVID-19 deaths

- Wider income inequalities lead to worse health outcomes

- Income inequality could be a proxy for social capital and the investment
in, and popular support of, public services

COVID-19 and income inequality in OECD coun-
tries

- Countries with low levels of income inequality were simply more pre-
pared and were in a stronger position to cope with the COVID-19 crisis.

- It is also the case that stronger social capital also leads to individuals
following lockdown restrictions more stringently.
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Human Development Index (HDI)

- The Human Development Index (HDI) is a summary measure of average
achievement in key dimensions of human development:

- A long and healthy life, being knowledgeable and have a decent standard
of living.

- The HDI is the geometric mean of normalized indices for each of the three
dimensions.

Human Development Index (HDI)

- The health dimension is assessed by
life expectancy at birth,
- The education dimension is measured by

Mean of years of schooling for adults aged 25 years and more and ex-
pected years of schooling for children of school entering age.

- The standard of living dimension is measured by
Gross national income per capita.

Human Development Index (HDI)

Human Development DIMENSIONS  Long and healthy life Knowledge

Index (HDI) A decent standard of living

INDICATORS Life expectancy at birth Expected years ~ Mean years GNI per capita (PP §)

of schooling | of schooling

DIMENSION Life expectancy index Education index GNIindex
INDEX

Human Development Index (HDI)



COVID-19: Human development on course to
decline this year for the first time since 1990

- The world has seen many crises over the past 30 years, including the
Global Financial Crisis of 2007-09.

- Each has hit human development hard but, overall, development gains
accrued globally year-on-year,”

- “COVID-19 — with its triple hit to health, education, and income — may
change this trend.”

COVID-19: Human development on course to
decline this year for the first time since 1990

Change in Human Development Index valu, annal — (TheGiobal

Financial Crsis
00104 —

R TAITTITTTAT
R R AT

0005
0010

0059

Wosimiatedchongein] 5

Rl | COVD-1Batisted 01 )/

| The 2019 vale s  provisonal estimate.

How did the first wave of the COVID-19 pan-
demic affect the household sector and public
finances?

B Household Disposable Income M Gross Domestic Product
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COVID-19 and the impact of Social Determi-
nants of Health

- COVID-19 has been termed a
Great equalizer

- Social inequalities in health are profoundly, and unevenly, impacting
COVID-19 morbidity and mortality.

COVID-19 and the impact of Social Determi-
nants of Health

- Many social determinants of health including

- Poverty, physical environment (eg, smoke exposure, homelessness), and
race or ethnicity—can have a considerable effect on COVID-19 outcomes.

COVID-19 and the impact of Social Determi-
nants of Health

- Homeless families are at higher risk of viral transmission because of
crowded living spaces and scarce access to COVID-19 screening and test-
ing facilities.

- In a study of 408 individuals residing in a shelter, 147 (36%) had a posi-
tive SARS-CoV-2 PCR test.

COVID-19 and the impact of Social Determi-
nants of Health

- Smoke exposure and smoking has been linked to adverse outcomes in
COVID-19.

- Current or former smokers were more likely to have severe COVID-19
symptoms than non-smokers (about 4 times)

- An increased risk of intensive care unit (ICU) admission (2.4 times), me-
chanical ventilation (1.4), or COVID-19-related mortality (4 times)



COVID-19 and the impact of Social Determi-

nants of Health
- The COVID-19 infection rate is three times higher in black than in white
- The mortality rate is six times higher

- In a report, Over 50% of COVID-19 cases and almost 70% of COVID-19
fatalities are disproportionately within the black population, who make up
only 30% of that population

COVID-19 and the impact of Social Determi-
nants of Health

- Physical distancing measures, are substantially more difficult for those
with adverse social determinants

- School closures increase food insecurity for children living in poverty
who participate in school lunch programs

- Malnutrition causes substantial risk to both the physical and mental
health of these children, and increase of the risk of infectious disease

COVID-19 and the impact of Social Determi-
nants of Health

- People who are homeless are at higher risk of infection during physical
lockdowns especially if public spaces are closed, resulting in physical
crowding

- Being able to physically distance is not simply accessible in some com-
munities

COVID-19 and the impact of Social Determi-
nants of Health

- The association of social inequalities and COVID-19 morbidity is further
compounded in the context of underlying chronic respiratory conditions

Such as asthma, possible additive, or even multiplicative, effect on
COVID-19 morbidity.
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- Several adverse social determinants that impact the risk of COVID-19
morbidity also increase asthma morbidity

Including poverty, smoke exposure, and race or ethnicity

Influence of COVID-19 on lifestyle behaviors

- Among the multiple consequences of the current pandemic, there have
been two significant impacts;

- Stockpiling food as a result of grocery restriction
- Spending more time indoor;

Including working from home, tele-education, and restricted outdoor
physical activities

Influence of COVID-19 on lifestyle behaviors

- Besides, the frequent stressful exposure to visual and auditory news
concerning COVID-19 can be linked to

- Overeating, in particular high-sugar foods, known as
“Food craving”

Influence of COVID-19 on lifestyle behaviors

- Sedentary habits attributable to lockdown measures as alternations in
- Sleeping, and smoking habits are substantially changing the lifestyle,
- Especially among health workers

Influence of COVID-19 on lifestyle behaviors

- Sleep disorders could be a risk factor for obesity, especially in young
men

- Mental distress and social isolation may lead to an increase in the need
for smoking

- During the lockdown, smoking will have a higher chance to impact sec-
ond-hand smokers



Lifestyle changes in before and during COVID-19

Items. Mean D 95%Cl i Sig. (2-tailed)
Lower_ Upper

0 s @ om 06 0
W om

15 0 -0 “mE oo
W e

w o o 30 o
21

19 s oo oo ™
156 08¢

1% 1 -0 - T
1%

27 06 083 5 0.0
3 s

P #% ow
I
o) per oy beore? 385 04 “%%  ow
ing 9
w13 -0 s o
e

Changes in time spent on TV, social media,
internet, and with family before and during
COVID-19

i Social media Internet (study/work) Family
pre-COVID-19  during COVID19~ pre-COVID9  curing COVID-19.~ pre-COVID-19 g COVID-19~~ pre-COVID-19 during COVID-19

None 1044 1755288) 1760) 10317 w3 S2(78) 554094 L94(3)
<Ihfdyy  1090(185) 892(143) 606(103) B3 f2(139) 58(10) (124 B3
Thidyy  T4(39) T4(23) 1060 (18) 893 §74(163) 616104 913(163) 540192)
hidey  TI6(13) 1132(192) 1808 (307) 164(273) 1292019 1206 1205) 1497(254) 1391236)
>2fdy  616(104) 1343 224 381) 366(571) 261 383) 33 42363 3348 368)

Smoking habit before and during COVID-19

Smoling pre-COVID-19 Smoking during COVID-19
Never 910083 4928 (836)
<5 cgarettes/day LELN) 274
5-10 igareties/day BL) W39
> 10 igarettes/day B BT
Data presented asn (%) 32995 sl 0jG
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Dietary supplementation before and during
COVID-19 emergency

® Before COVID-19 = During COVID-19
3500

3000
2500

2000

1500

1000

dda

. u

Vitamin C Vitamin D Zinc Multivitamins none other

Dietary supplementation before and during COVID-19 emergency

Change in WHOQOL-BREF scores according to
COVID-19.

Before After

Physical health
80.00

Total score Psychological

Enviroment Social relationships

Change in quality of life due to COVID-19.

Before After 1 (95% Confidence interval) p-value
M sD M sD

Physical bealth 20,15 335 17.29 394 8.47(2.19-353) p<0.001

Psychological 1470 257 14.46 3.74 0.87 (-0.30-0.77) 0.386
Social relationships 8.42 131 7.82 1.68 4.54 (0.33-0.86) p<0.001
Environment 21.46 137 18.76 1.62 7.06 (1.95-3.47) p<0.001
General 541 125 4168 142 5.90 (0.49-0.98) p<0.001

.

99S S j otal score 70.15 1092 63.00 13.10 7.18(5.17-9.12) p<0.001

The Comprehensive
National Congress On Covid 19




Change in CES-D10 scores according to
COVID-19.

Before After

Somatic complaints
60.00

50.00
40.00

30.00 /S~

Total score ~~—, Positive affect

Depressed affect Interpersonal problems

Findings

- Sedentary lifestyle increased, spending more time on social media and
television.

- Sleep time reduced and body weight increased

- There was a significant increase in the rate of dietary supplement con-
sumption,

COVID-19 and the impact of Social Determi-
nants of Health

- The effect of social determinants of health and COVID-19 morbidity is
perhaps underappreciated

- Yet, the great public health lesson is that for centuries pandemics dispro-
portionately affect the poor and disadvantaged

COVID-19 and the impact of Social Determi-
nants of Health

- Additionally, mitigating social determinants
Improved housing, reduced overcrowding, and improved nutrition
- Reduces the effect of infectious diseases,
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Tuberculosis, even before the advent of effective medications.

COVID-19 and the impact of Social Determi-
nants of Health

- It is projected that recurrent outbreaks of SARS-CoV-2 will likely occur
after this initial wave, necessitating ongoing planning over the next few
years.

- Studies are required to measure the effect of COVID-19 on individuals
with adverse social determinants and innovative approaches to manage-
ment are required, and might be different from those of the broader pop-
ulation.

COVID-19 and the impact of Social Determi-
nants of Health

- The effect of physical distancing measures, particularly among individ-
uals with chronic conditions facing adverse social circumstances, needs
to be studied

- Adverse determinants and physical distancing measures could com-
pound issues, such as medication access and broader access to care.

- The long-term effect of school closures, among those facing adverse
social circumstances, is also in need of study.

COVID-19 and the impact of Social Determi-
nants of Health

- Measures that affect adverse determinants,

Reducing smoke exposure, regular income support to low-income
households, access to testing and shelter among the homeless, and im-
proving health-care access in low-income neighborhoods

- Have the potential to dramatically reduce future pandemic morbidity and
mortality,



COVID-19 and the impact of Social Determi-
nants of Health

- Moving forward, as the lessons of COVID-19 are considered, social de-
terminants of health must be included as part of pandemic research prior-
ities, public health goals, and policy implementation.

Conclusion

- Public health interventions should be developed to reduce these hazard-
ous effects and avoid the emergence of a deadlier pandemic.
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Impact of coronavirus disease (COVID-19)
on HIV testing and care provision across
four continents

Africa Europe
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Index

- Coronavirus Vaccine Tracker(Total)

- Economic insight of COVID-19 vaccines
- Genetic Vaccines

- Viral Vector Vaccines

- Protein-based Vaccines

- Inactivated or attenuated Vaccines

- Booster updates

Coronavirus Vaccine Tracker(Total)

Phase1/2  Phase2 Phase2/3  Phase3 Authorized Approved  Abandoned

»22> 15> 10> 33 216> 9 ) 10

Combined  Vaccinesin  Combined  Vaccinesin  Vaccinesin  Vaccines Vaccines
trials expanded trials large-scale  earlyor approved abandoned
safety trials efficacy limiteduse  forfulluse  aftertrials
tests

- Currently testing: 111
Preclinical: 75

Ehe New QJork Times

Leading vaccines

Developer How It Works ~ Phase Status
=] ) Approved in U.S., other countries.
X RNA :
& Pfizer-BioNTech BIB ey use nmany countres
Approved in Canada, Switzerland.
B
Moderma mRRA Bl 7 ency use in many counties
EB Approved in Brazil
B oo psrazenecs om0 BB I
= Approved in Canada.
[ Johnson & Johnson  Ad26 a Emergency use in many countries,
& Gamaleya Ad26,Ad5 B Emergency use in many countries.
: Approved in China.
- ] Ad5
CanSino B Emergency use in other countries.
Approved in Turkmenistan.
B vector Institute Protein B E::y e in Russia
EE Novavax Protein Bl Emergency use in Indonesia, Philippines.
: Approved in China, UA.E., Bahrain
[}
Sinopharm mactveted B e many counties
) Approved in China.
@=
Sinovac Inactivated ] Emergency use in many countries.
Approved in China.
B Sinopharm-Wuhan  Inactivated A L\?:ited e UAE
. 33998 sl 0,5
& Bharat Biotech Inactivated B Emergency use in India, other countries. -9 (4 )
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Current Status (Global)
Approved Genetic platform Vaccines
llllﬁlllllmﬂﬂlllﬁﬁillllﬁﬂlﬂﬁﬂﬂﬁl

Moderna NA  in 77 countries mRNA-1273
mRNA-1273 32 trials in 8 countries
Pfizer/BioNTech RNA  in 107 countries BNT162b2 US, Germany
BNT162b2 45 trialsin 21 countries
Takeda RNA  in1country TAK-919 US, Japan
TAK-919 (Moderna formulation) 2 trialsin 1 country (Moderna
formulation)
Zydus Cadila DNA in1country ZyCoV-D India
ZyCoV-D 5 trials in 1 country
Phase 1 Phase 1/2 Phase 2 Phase 2/3 Phase 3 Authorized  Approved Abandoned

15> 00> 01> 01> 04 503> 03 ) 04 2

Platform Approvals Brand/Projectname Country of Origin

CanSino Non Replicating  in 9 countries Ad5-nCoV China
Viral Vector 11 trials in 6 countries
Gamaleya Non Replicating  in 19 countries Sputnik Light Russia
Viral Vector 4 trials in 2 countries
Gamaleya Non Replicating in 73 countries Sputnik V Russia
Viral Vector 22 trialsin 7 countries
Ad26, AdS
Janssen Non Replicating  in 78 countries Ad26.COV2.S US, Israel
(Johnson & Johnson) Viral Vector 16 trials in 18 countries
Oxford/AstraZeneca Non Replicating in 125 countries AZD1222 UK, Sweden
AZD1222 Viral Vector 49 trials in 23 countries
Serum Institute of India Non Replicating  Approved in 46 countries Covishield UK, Sweden,
Covishield (Oxford/AstraZeneca Viral Vector 2 trialsin 1 country India
formulation

Anhui Zhifei Longcom Protein in 3 countries ZF2001 China
ZF2001 Subunit 10 trialsin 5 countries
Center for Genetic Engineering and Protein in 4 countries Abdala Cuba
Biotechnology (CIGB Subunit 5 trialsin 1 country
CIGB-66
FBRI Protein in 2 countries EpiVacCorona, Russia,
EpiVacCorona Subunit 3 trialsin 1 country Aurora-CoV Turkmenistan
Medigen Protein in 1 country MVC-COV1901 Taiwan
MVC-COV1901 Subunit 8 trialsin 2 countries
Serum Institute of India COVOVAX Protein in 2 countries Novavax, Covovax US, India
(Novavax formulation) Subunit 3 trials in 3 countries
Vaxine/CinnaGen Co. Protein in 1 country Spikogen Australia, Iran
COVAX-19 Subunit 4 trialsin 2 countries
Instituto Finlay de Vacunas Cuba Protein in 4 country Soberana 02 Cuba
Soberana 02 Subunit 3 trialsin 2 countries
Instituto Finlay de Vacunas Cuba Protein in 2 country Soberana Plus Cuba
Soberana Plus Subunit 5 trialsin 2 countries
_\Jggs ‘sl,m bjti Razi Vaccine and Serum Research Institute Protein in 1 country Razi Cov Pars Iran 7
Razi Cov Pars Subunit 3 trialsin 1 countries
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Current Status (Global)
Approved Genetic platform Vaccines

Bharat Biotech

Chumakov Center
KoviVac
Kazakhstan RIBSP
QazVac
Minhai Biotechnology Co
SARS-CoV-2 Vaccine (Vero Cells)
Shafa Pharmed Industrial Co
COVID-19 Inactivated Vaccine
Sinopharm (Beijing
BBIBP-CorV (Vero Cells)
Sinopharm (Wuhan
Inactivated (Vero Cells)
Sinovac
CoronaVac

Organization of Defensive Innovation

and Research
FAKHRAVAC (MIVAC

Inactivated

Inactivated

Inactivated

Inactivated

Inactivated

Inactivated

Inactivated

Inactivated

Inactivated

in 10 countries

7 trialsin 1 country

in 1 country

2 trialsin 1 country

in 2 countries

3 trialsin 1 country

in 2 countries

5 trialsin 1 country

in 1 country

6 trialsin 1 country

in 68 countries

19 trials in 10 countries
in 2 countries

8 trials in 7 countries
in 43 countries

26 trials in 8 countries
in 1 countries

3 trials in 1 countries

Current Status (WHO)
Approved platform Vaccines

Moderna RN,
mRNA-1273
Pfizer/BioNTech RN
BNT162b2
Janssen Resicstie
Johnson & Johnson Viral Vector
Oxford/AstraZeneca o
AZD1222 Viral Vector
Serum Institute of India Non*
Covishield (Oxford/AstraZ for ion)  Viral Vector
Bharat Biotech L=cizt
Sinopharm (Beijing Ty
BBIBP-CorV (Vero Cells)
Sinovac Inactivated
CoronaVac

in 77 countries
32 trials in 8 countries

in 107 countries

45 trials in 21 countries
in 78 countries

16 trials in 18 countries

in 125 countries

49 trials in 23 countries
Approved in 46 countries
2 trialsin 1 country

in 10 countries

7 trialsin 1 country

in 68 countries

19 trials in 10 countries
in 43 countries

26 trials in 8 countries

Covaxin (also known India
as BBV152 A, B, C)
KoviVac Russia
QazVac Kazakhstan
KCONVAC, China
KconecaVac
COVlran Barekat Iran
BBIBP-CorV China
Sinopharm Wuhan China
CoronaVac (formerly China
PiCoVacc)
FAKHRAVAC (MIVAC) Iran

Moderna
mRNA-1273
Pfizer/BioNTech US, Germany
Janssen US, Israel
Johnson &
Johnson
AZD1222 UK, Sweden
Covishield UK, Sweden,
India
Bharat India
BBIBP-CorV China
CoronaVac China
(formerly 5
PiCoVacc)

33995 (sl 60U

Covid 19;

The Comprehensive
National Congress On Covid 19




Current Status (IRAN) Approveand Developing
platformsd Vaccines
I e N = e

Oxford/AstraZeneca Viral Vector in 125 countries AZD1222 UK, Sweden
AZD1222 49 trials in 23 countries
Serum Institute of India Viral Vector Approved in 46 countries Covishield UK, Sweden,
Covishield (Oxford/AstraZeneca formulation) 2 trials in 1 country India
Gamaleya Viral Vector in 73 countries. Sputnik V Russia
22 trials in 7 countries
Bharat Biotech Inactivated in 10 countries Covaxin (also known as India
7 trials in 1 country BBV152 A, B, C)
Sinopharm (Beijing] Inactivated in 68 countries BBIBP-CorV China
BBIBP-CorV (Vero Cells) 19 trials in 10 countries
Sinopharm (Wuhan Inactivated in 2 countries Sinopharm Wuhan China
Inactivated (Vero Cells 8 trials in 7 countries
Sinovac Inactivated in 43 countries CoronaVac (formerly China
CoronaVac 26 trials in 8 countries PiCoVacc)
Shafa Pharmed Industrial Co Inactivated in 1 country COViran Barekat Iran
COVID-19 Inactivated Vaccine 6 trials in 1 country
Vaxine/CinnaGen Co. Protein in 1 country Spikogen Australi, Tran
COVAX-19 Subunit 4 trials in 2 countries

Current Status (IRAN)

Developing Vaccines
I N I T T

Shafa Pharmed Industrial Co Inactivated 1 approvalinlran COVlran Barekat Iran
COVID-19 Inactivated Vaccine 6 trialsin 1 country
Vaxine/CinnaGen Co. Protein 1 approvalinlran Spikogen Australia, Iran
COVAX-19 Subunit 4 trials in 2 countries
Finlay Vaccine Institute/ Institute Protein Approvedin 3 countries Soberana2, or Cuba, Iran
Pasteur of leran Subunit 4 trialsin 2 countries PastoCoVac
Soberana 2, or PastoCoVac
Bagiyatallah University of Medical Protein 3 trialsin Iran Noora Iran
Sciences Subunit
Razi Protein 1 approvalinliran Razi Cov Pars Iran

Vaccine and Serum Research Institute Subunit 3 trialsin Iran

Iran’s Ministry of Defence Inactivated 1 approvalinlran Fakhravac Iran
2 trailsin Iran

Development times for COVID-19 vaccines were highly compressed compared

Fast-forward: with standard practice.
w'" the spEEd Vaccine development then and now, months
of COVID-19 Sample baseline scenario, (after multiple years of research)
vaccine
~12-24 ~12-24 -1 -12
development
reset industry
norms? ~10
years
A el Preclinical, including ~ Phase f: Phase 2: Phase 3: Filng  Registration
tries/fesciencesfour: toxicity, technology  Safety and Proof-of- Large-scale safety
s e concept study and efficacy trials
Tk g "
ndustry-
e Sample timeline,? (based on previous SARS/MERS research)
May13,2021 Development was simultaneous rather than sequential. Clinical phases were continued after subsequent steps were initiated.
-2 -2 -2 -4 -1
o0 (1] (1) > awnorzaiore <1

year
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Five factors affected the speed with which COVID-19 vaccines were developed.
Potential time savings associated with five key development factors, years

Fast-forward:

Will the speed 1 2 3 4 5

~10 years

Technology- Investing at Operational Sample
Of COVID-19 an enabled risk excellence accelerated
. o advancement and innovation timeline for
vaccine in execution COVID-19
- vaccine
development ~i
. Regulatory | ]
reset industry factors _ =
specific  Widely available =
norms? o the knowledge
pandemic about the
May 13, 2021 disease, amid .
a fast-moving -0
pandemic ~1year
McKinsey
Sample
& Company baseline
scenario Restricted to Applicable
specific areas' to any drug

ories are not cumulativ
of high unmet med

Note: Time savi
“For instance, of

s acceleration ca
ndemic situations or

nd depend on crlaldevelopment path

Current Status (Global) All combined trial ge-
netic vaccines

Pfizer/BioNTech RNA Pfizer/  US, Germany 2&3
BNT162b2
BioNTe
ch
Arcturus Therapeutics and Duke- RNA N/A US & Singapore
NUS Medical School S 2&3
Genexine DNA N/A South Korea 2&3
AnGes,Osaka DNA N/A Japan
University and Takara Bio d ¥ 1&2
Gennova RNA N/A India & US
Biopharmaceuticals and HDT Bio / 1&2
GeneOne Life Science DNA N/A South Korea 1&2
Takis Biotech and Rottapharm DNA N/A Ital
Biotech 4 Y 1&2
Daiichi and Uni ity of el N/A Japan
Tokyo 4 i 1&2
Elixirgen Therapeutics RNA N/A us 1&2
Eyegene RNA N/A South Korea 1&2
Vaccibody DNA N/A Norway 1&2
I O e
Oxford/AstraZeneca Non ReplicatineVialvector— A7D1222 UK, Sweden
AZD1222 2&3
Serum Institute of India —_—— Covishield UK, Sweden,
Covishield i India 2&3
Non Replicating Viral Vector N/A T 2&3
Israel Institute for Biological bon Replicatingira| Vestor N/A Israel
Research 2&3
Washington University & tion Beplicating Vira| Vector N/A US & India 2&3
Bharat Biotech
Cellid & LG Chem Non Replicating Viral Vector N/A South Korea 1&2
BIOCAD Non ReplicatingViral Vector N/A Russia 1&2
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Clover Biophar icals & Dynavax Brotein Subunit Imetiated - China & US 2&3
Shionogi & National Institute of Infectious Protein Subunit Inactivated Japan 2&3
Diseases & Kyushu University
Finlay Vaccine Institute Protein Subunit Inactivated Cuba 1&2
Soberanal
SpyBiotech Protein Subunit Inactivated GB 1&2
EuBiologics 1&2
VBI Vaccines Protein Subunit Inactivated US 1&2
Akston Biosciences Protein Subunit Inactivated Us 1&2
Sinopharm Protein Subunit Tnactivated China 1&2
Icosavax & Seqirus Protein Subunit Iactivied  {J§ & Australia 1&2
Research Institute for Biological Safety Protein Subunit Inactivated Kazakhstan 1&2
Problems
st. Scientific Research Insti x Protein Subunit Inactivated Russia 1&2
Vaccines and Sera
HIPRA Protein Subunit Inactivated S pai in 1&2
Human Stem Cells Institute Protein Subunit Tnactivated uUs 1&2

Current Status (Global) All combined trial Inac-
tivated vaccines

Chumakov Center at the Russian Inectivated N/A Russia 1&2
Academy of Sciences
KM Biologics il N/A Japan 2&3

A. Normal Vaccine Production

T G

Phase Il

~ 32 studies are enjoying
combined-phase
developments

Super-rapid race for saving lives
by developing COVID-19 vaccines

Volunteers Voluntoers

([ —— T

Journal of Integrative Bioinformatics

=100 =300 [ :m@

Phase 1/2/3: Safety and dose selection traill Safety and
erticacy wran

Existing Research

Pro-Giinical Trails

i i i Iy
Month 0 Month 3 Month 6 Month 9 Month 12 Month 14 Month 18

How Did We Get a COVID-19 Vaccine in Less
Than 1 Year?

Molecular understanding of viral receptor biology and development of stabilized
coronavirus prefusion Spike protein as a vaccine antigen (2005-2018)

MERS outbreak starts. Since
2012, MERS has infected >2,500
people and killed >850. The

MERS outbreak is still ongoing

Modema starts
personalized RNA
cancer vaccine trial

SARS-CoV1 outbreak infects
>8,000 people and kills 774

phase | clinical trial

| SARS-CoV1 vaccine

2001

First RNA vaccine tested in mice

2003 2005 2007 2009 2011 2013 2015 2017 2019

First human prototype RNA
cancer vaccine trial completed

BioNTech publishes results from
personalized RNA cancer vaccine trial

[ First confimed SARS-Cov2 infection 12/1/2019 |

First phase Ill randomized linical trial
data on COVID-19 vaccines published

BioNTech/Pfizer start phase |
COVID-19 vaccine trial

SARS-CoV2 genome
sequenced

BioNTech/Pfizer and Moderna U.S. FDA authorizes BioNTech/Pfizer
start large-scale phase I/l and Moderna COVID-19 vac
COVID-19 vaccine trials

COVID-19 vaccine trial

| Moderna starts phase | H U.S. declares a national
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A Snapshot of the Global Race for Vaccines
Targeting SARS-CoV-2 and the COVID-19 Pan-

demic

The NEW ENGLAND
JOURNAL of MEDICINE

First recognized cases

or clinical description Worldwide
SARS-Cov2 1stvaccine batch  pandemic
genome sequenced  (mRNA-1273) declared 15t clinical trial
SARS-CoV-2 + + + + {

2019 (Dec) 2020 (Jan)

2020 (Feb 7) 2020 (Mar 11) 2020 (Mar 16)

MERS genome  MERS outbreak

2020 (May)

vaccine in 12-18 months? SEEEL 2

m | ssque‘ncld (Sil‘l(ﬂ Arabia) |“C\inif‘ll trial
} + t t
2012 2013 2014 2016 (Feb)
 no vaccine -6 years g
SARS genome
'SARS outbreak sequenced 1stclinical trial
SARS-CoV-1 f ) t f {
2002(Noy 2003 (eary) 2003 (Apr) 2005
e cna- 17 yours BB
Epolagenome  Canadian team Largest outbreaks Vaccine approved
| seauenced publishes 1svaccine  West Afica - 1 clinica ial Ervebo (VSV vector) —|
G — ! ! w ; ‘
1076 1993 2005 2018 2015 2019
Polio
(UsA) mic determined Salk vaccine ‘Sabin vaccine “Wild’ polio Polio genome
tobe viral  (inactivated virus)  (oral, live-attenuated) eradicated (USA)  sequenced
{_Poio oy —t — —
1789 1894 1908 195354 1957-59 1979 1981
- . Manufacturing scale-up,
radiionsl Pacadign = Small-scale clinical trial material commercial scale, Lleseelo
Multiple Years e manufacturing
Target || lopm: ner S
argetID; development partne Phase 1 Phase 2a Phase 3 Licensure

selection, and pre
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Economic insight of COVID-19 vaccines

2021 Financial Guidance("

$81.0 to $82.0 Billion
Revenues
(previously §78.0 to $80.0 billion)

) 39.1% to 39.6%

Adjusted Cost of Sales(') as a Percentage of Revenues -
(previously 39.0% to 40.0%)

. $11.6 to $12.1 Billion

Adjusted SI&A Expenses(!)

(previously $11.5 to $12.5 bilion)

10.4 to $10.9 Billi
Adjusted R&D Expenses(!) $104 10 $10.9 Billion
(previously $10.0 to $10.5 billion)

n 5 ~$2.3 Billion
Adjusted Other (Income)/Deductions(!) 5 .
(previously approximately $2.2 billon of income)

Effective Tax Rate on Adjusted Income(?) Approximately 16.0%

$4.13t0 $4.18
Adjusted Diluted EPS(")
(previously $3.95 to $4.05)

of Range 91% Op Growth Compared to 2020 Revenues;
Mldpolnt of Adjusted Diluted EPS(") Range Reflects 80% Op Growth Compared to 2020

é Pﬁzer Third Quarter 2021 Earnings

Selected 2021 Financial Guidance(" Ranges Excluding Comirnaty(")

R $45.0 to $46.0 billion
evenue (previously $45.0 to $47.0 billion)

Adjusted Cost of Sales(!) as a Percentage of Revenues 21% to 22%
n . $2.60 to $2.65
Adjusted Diluted EPS(") (previously $2.55 to 52.65)
of R Range Refl ~6% Op Growth Compared to 2020

of Comlrnaty(" Midpoint of Adjusted Diluted EPS(") Range Reflects ~12% Op Growth Compared to Prior Year

@ pﬁzer Third Quarter 2021 Earnings

2022 Outlook for Potential Comirnaty(") Sales

4B

Expected doses to be produced in 2022

1.7B

Expected doses to be delivered in 2022 based on contracts signed as of
mid-October 2021

~$29B

Direct sales and alliance revenues anticipated in 2022 based on
contracts signed as of mid-October 2021

We Continue to Engage with Governments Regarding
Potential Additional Orders for 2022

32995 slad 6}
. @pﬁze,- Third Quarter 2021 Earnings
Covid 19
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Economic insight of COVID-19 vaccinesc

07 2018
2016 217 (restated) 2018 (represented) 2019 2020

Operating results
Revenue 258367689 277717018 308353579 344525821 344525821 425212726  4BBAI4611
Gross profit 20670673 23076554 26048865 31228092 31228092 37531303 40,323,311
Operating proft 10213720 11,905,966 13140388 15396806 14067974 16136744 17,759,975
Eamings before interest and tax 10856642 12706623 13996518 16321808 14992971 16903274 18,545,111
Profit for the year attributable to equity holders of the parent

company 4,647,344 5,283,091 5,575,584 5,835,842 5,835,842 6,262,537 7,187,278
Profitability
Gross margin 8.00% 831% 845% 9.06% 9.06% 883% 8.83%
Operating margin 3.95% 4.2%% 4.26% 447% 4.08% 3.79% 3.89%
Net profit margin 267% 2.83% 281% 213% 213% 250% 265%
Asset status
Total assets 157,711,590 169,539,028  190,693400 235,771,077 235771077  269,888371 311,236,706
Equity attributable to equity holders of the parent company 31810928 35257635 38,301,481 0821826 42821826 47422146 56,358,845
Total liabilities 113,179,154 118269374 132746210 167495310 167495310 192949004 221,289,385
Cash and cash equivalents 25572759 29011436 32240796 40298985 40208985  39,191967 50,178,265
Gearing ratio T1.76% 69.76% 69.61% T1.04% T1.04% T1.49% 71.10%
Liquidity ratio
Curent ratio (times) 1.33 131 131 128 128 129 131
Inventory tumaver ratio (days) i 3 31 38 38 36 39
Trade receivables tumover ratio (days) 9% 9% 2 9 ] 98 107
Trade payables tumover ratio (days) 9% 94 91 90 90 85 92
Data per share (RMB)
Eamings per share - Basic 1.68 191 188 197 197 21 231
Eamings per share - Fully diuted 168 191 1.88 1.96 1.96 210 231

Leading Coronavirus Vaccines
The development cycle of a vaccine, from lab to clinic.

PRECLINICAL TESTING: scientists test a new vaccine on cells and then give it to animals such as mice d
monkeys to see if it produces an immune response.

: Scientists give the vaccine to a small number of people to
test safety and dosage, as well as to confirm that it stimulates the immune system.

PHASE 2 EXPANDED TRIALS: scientists give the vaccine to hundreds of

people split into groups, such as children and the elderly, to see if the vaccine acts differentl
in them. These trials further test the vaccine’s safety.

PHASE 3 EFFICACY TRIALS: scientists give the vaccine to thousands of people and
wait to see how many become infected, compared with volunteers who received a placebo.
These trials can determine if the vaccine protects against the coronavirus, measuring what’s
known as the efficacy rate. Phase 3 trials are also large enough to reveal evidence of
relatively rare side effects.
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EARLY OR LIMITED APPROVAL: Many countries have procedures for providing
emergency authorizations for vaccines, based on preliminary evidence that they are safe
and effective. In addition, some countries such as China and Russia began administering
vaccines before detailed Phase 3 trial data was made public. Experts have warned of serious
risks from jumping ahead of these results.

APPROVAL: Regulators review the complete trial results and plans for a vaccine’s
manufacturing, and decide whether to give it full approval.

COMBINED PHASES: One way to accelerate vaccine development is to combine
phases. Some vaccines are now in Phase 1/2 trials, for example, which this tracker would
countas both Phase 1 and Phase 2.

PAUSED or ABANDONED: if investigators observe worrying symptoms in volunteers,

they can pause the trial. After an investigation, the trial may resume or be abandoned. Trials
may also be abandoned if they indicate a vaccine isn’t effective against Covid-19.

Genetic Vaccines

Vaccines that deliver one or more of the
coronavirus’s own genes into our cells to provoke
an immune response. W
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Coronavirus Tracker(Genetic Vaccines)

Phase 1 Phase 1/2 Phase 2 Phase 2/3 Phase 3 Authorized Approved Abandoned
Vaccines Combined Vaccinesin  Combined Vaccinesin  Vaccinesin  Vaccines Vaccines
testing trials expanded trials large-scale  earlyor approved abandoned
safety & safety trials efficacy limiteduse  forfulluse aftertrials
Dosage tests

Currently testing: 23
Abandoned: 4
Preclincal: 41

Genetic Vaccines01- Pfizer & Biontech Comir-
naty (alsoknownas tozinameran or BNT162b2)

PHASE 2

PHASE 3

COMBINED PHASES

APPROVEDIN U.S.,

ELSEWHERE EMERGENCY USE IN OTHER COUNTRIES

SIONT=CH

VACCINE NAME: Comirnaty (also known as tozinameran or BNT162b2)
EFFICACY: 91%

DOSE: 2 doses, 3 weeks apart

TYPE: Muscle injection

STORAGE: Freezer storage only at —13°F to 5°F (—25°C to —15°C)

5 yearsand older

Genetic Vaccines
01- Pfizer & Biontech

S

-
/// [ | Approyeq
[T Early, limited or emergeqcy u
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moderna

Genetic Vaccines S
02- Moderna & National Helath Institute m) aliona) insiiiies of Health
mMmRNA-1273 or Spikevax

PHASE 3
APPROVED IN SWITZERLAND
EMERGENCY USE IN U.S., ELSEWHERE

VACCINE NAME: mRNA-1273 or Spikevax

EFFICACY: Preventing Covid-19 illness: 93.2%. Preventing severe disease: 98.2%.
DOSE: 2 doses, 4 weeks apart

TYPE: Muscle injection

STORAGE: 30 days with refrigeration, 6 months at —4°F (-20°C)

18 years and older

CepatlcpVaccines [ o
02- Moderna & National Helath Institute MR

Genetic Vaccines doiiaat d/'
_ ledicate:
03 Zydus ed ’l/%
PHASE 3
EMERGENCY USE IN INDIA

VACCINE NAME: ZyCoV-D

EFFICACY: 66.6%

DOSE: 3 doses, 4 weeks apart

TYPE: Skin injection

STORAGE: Stable at room temperature for three months
12 years and older

®
|

Genetic Vaccines zydUS

. dedicated //-
03- Zydus to ﬁ/g

M e W Approved
33995 sl 6jG
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Genetic Vaccines04- Academy of Military Med-
ical Sciences,Suzhou Abogen Biosciences and
Walvax Biotechnology

PHASE 3

In June 2020, Chinese researchers at the Academy of Military Medical Sciences, Suzhou Abogen
Biosciences and Walvax Biotechnology announced they would start their country’s first safety trials
on an mRNA-based vaccine, called ARCoV. Earlier studies on monkeys reportedly showed protective
effects, and in the Phase 1 trial indicated it was safe in people. On Dec. 21, Xinhua reported that
China was building a factory to produce 120 million doses per year.

Researchers launched a Phase 2 trial for the vaccine in January 2021, and registered a Phase 3 trial
in April. In September, Bloomberg reported that the trial would soon be launched in Indonesia and
Mexico, with results expected by the end of the year.

Updated Sept. 3

Genetic Vaccines05- Arcturus Therapeu-
tics and Duke-NUS Medical School

PHASE 2

PHASE 3

COMBINED PHASES

The California-based company Arcturus Therapeutics and Duke-NUS Medical School in Singapore have
developed an mRNA vaccine called ARCT-021. It has a “self-replicating” design that leads to a greater
production of viral proteins. Tests on animals showed that it protected them againstinfection. In August,
Arcturus launched a Phase 1/2 trial at Singapore General Hospital. On Nov. 9, the company announced that
an interim analysis of the trial showed that the vaccine produced an immune response that’sin the range
of responses seen in people who recovered from Covid-19. On Jan. 6 Arcturus announced that they had
permission to start the Phase 2 portion of the trial in both Singapore and the United States. Singapore
reached an agreement with Arcturus to spend up to $175 millionto acquire vaccines when they’re ready.

In August, Arcturus received approval to begin testing its next-generation mRNA vaccine in Vietnam. The
company registered a Phase 2/3 trial of the vaccine, called ARCT-154. The researchers registered a Phase
1/2 trial evaluatingthe two vaccines head-to-head with another candidate, called ARCT-165, on Sept. 8.
Arcturus said it plans to file a request for emergency use authorization by the end of 2021.

Updated Oct. 12

Genetic Vaccines06- Genexine

PHASE 2
PHASE 3
COMBINED PHASES

Genexine

The South Korean company Genexine started testing the safety of a DNA-based vaccine in
June 2020. In December, the Korea Biomedical Review reported that Genexine got
disappointing results from their initial formulation and decided to restart their trials with a
modified vaccine. On Jan. 20, 2021, the company registered a Phase 1/2 trial, and in June they
registered a Phase 1 trial for elderly volunteers.

The Indonesian pharmaceutical company Kalbe Farma pledged in April to buy 10 million doses
of Genexine’s vaccine if it is proven to be safe and effective. In July, Indonesian regulators
gave the green light for a late-stage clinical trial. Genexine registered a Phase 2/3 clinical ”
trial in October to test their vaccine as a booster for other vaccines.

Updated Oct. 7 »
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Genetic Vaccines N%\/ O

07- Inovio POWERING DNA MEDICINES

PHASE 2

VACCINE NAME: INO-4800

EFFICACY: Unknown

DOSE: To be determined

TYPE: Skin injection

STORAGE: Over a year at room temperature

Genetic Vaccines
08- Providence Therapeutics I*I pRov,DENCE

PHASE 2 therapestics
Canada’s Providence Therapeutics specializes in messenger RNA vaccines to treat cancer.

In response to the pandemic, they developed an mRNA vaccine against the coronavirus. They
launched a Phase 1 study of an RNA vaccine in late January 2021, and in May announced that
the vaccine appeared safe and produced promising levels of antibodies. In August, Providence
Therapeutics launched a Phase 2 trial.

In June, the company reached an agreement with the Indian vaccine maker Biological E to
carry out further trials in India. Biological E agreed to purchase up to 30 million doses and
planned to scale their production of the vaccine to as many as a billion doses in 2022. In
September, Providence also reached an agreement with Everest Medicines to produce and
market the vaccine in China.

Updated Sept. 13

Genetic Vaccines09- AnGes,Osaka Universi-
ty and Takara BioAG0302-COVID19

-
PHASE 1 An \es
PHASE 2 N
COMBINED PHASES )

) AR

OSAKA UNIVERSITY

VACCINE NAME: AG0302-COVID19

EFFICACY: Unknown

DOSE: 2 doses, 2 weeks apart TaHaBa
TYPE: Skin injection

STORAGE: Over a year at room temperature



Genetic Vaccines10- Gennova Biopharmaceuti-
cals and HDT Bio GENN@VA =
HDT m=

Immune Therapy For All

PHASE 2
COMBINED PHASES

Gennova Biopharmaceuticals in India and Seattle-based HDT Bio partnered to develop a
vaccine based on self-amplifying RNA. The vaccine, known as HGC019, was able to safely
provoke animals to make antibodies to the coronavirus, leading India to grant the companies
approval in December 2020 to start Phase 1/2 trials. On May 4, 2021 HDT announced the trial
was underway in India. HDT announced on Aug. 16 that it also forged a partnership with South
Korean biotech company Quratis to develop its vaccine. The Indian Ministry of Science and
Technology announced on Aug. 24 that promising results from the Phase 1 trial cleared the way
for further Phase 2 and Phase 3 trials.

Updated Aug. 26

Genetic Vaccines11- GeneOne Life Science

‘e’ 21 48 245 (35

PHASE 2 GeneOne Life Science
COMBINED PHASES

GeneOne Life Science, a South Korean biotech company, developed a DNA-based vaccine
that encodes two proteins from the coronavirus. In December 2020, they launched a Phase 1/2
trial with 345 participants. After receiving positive interim results from the trial,

GeneOne announced on July 8, 2021 that it would begin Phase 2.

GeneOne is also experimenting with different vaccine delivery techniques. On Oct. 20, the
company registered a Phase 1 trial to gauge how well their candidate works when injected into
a patient’s arm and delivered as a nasal spray. In the study, the researchers will also see if a
skin suction device will improve outcomes.

Updated Oct. 23

Genetic Vaccines12- Takis Biotech and Rotta-
pharm Biotech

|13€/5 A

COMBINED PHASES RCITTFIPHHRM
BIOTECH

Takis Biotech and Rottapharm Biotech, two vaccine companies in Italy, developed a

vaccine called COVID-eVax. A special device uses a tiny electric pulse to deliver DNA

through the skin. The DNA enters cells, which use the genetic instructions to make spike

protein fragments. In February 2021, Takis and Rottapharm launched a Phase 1/2 frial in

Italy. COVID-eVax can remain stable at room temperature. In September, the companies

issued a press release stating that the Phase 1 trial delivered promising results. By then,

Italy’s vaccination rate had climbed so far that the companies said it would be difficult to

recruit enough volunteers to move to the Phase 2 trial.

Updated Oct. 4
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Genetic Vaccines13- Daiichi Sankyo and Uni-

versity of Tokyo
(U Daiichi-Sankyo

x. N
UK
C ’ THE UNIVERSITY OF TOKYO

PHASE 2
COMBINED PHASES

Japan-based researchers at Daiichi Sankyo have developed an mRNA vaccine against the
coronavirus in collaboration with the University of Tokyo. They launched a Phase 1/2 trial of
the vaccine, named DS-5670, on March 22, 2021. In an Oct. 21 press release, Daiichi Sankyo
said that the vaccine produced no relevant safety concerns in the trial, and that it plans to move
to Phase 2 in November.

Updated Oct. 23

Genetic Vaccines
14- Elixirgen Therapeutlcs

B— ) elixirgen

PHASE 2 THERAPEUTICS

COMBINED PHASES

Researchers at Baltimore-based Elixirgen Therapeutics have created an RNA
vaccine, named EXG-5003, that targets a small part of the coronavirus spike protein.
In May 2021 they launched a Phase 1/2 trial of the vaccine in Japan. On Oct. 8,
Elixirgen announced that it has licensed its vaccine to an undisclosed company for
worldwide marketing, excluding Japan.

Updated Oct. 8

Genetic Vaccines

15-E
yegene ‘e’ @ EYEGENE Inc.

PHASE 2
COMBINED PHASES

Researchers at Korean biotechnology company Eyegene have developed an mRNA
vaccine that uses a delivery system slightly different from other genetic vaccines.
Instead of using a lipid nanoparticle, their vaccine uses liposomes — tiny fat bubbles
— to bring the genetic material to the cell. Korean regulators approved a Phase 1/2
trial in August 2021 for the vaccine, called EG-COVID. Eyegene’s C.E.O., Wonil

Yoo, told a Korean television station that the trial began in September, and that results
could come by the end of the year.

Updated Sept. 30



Genetic Vaccines16- Vaccibody

= vaccibody

COMBINED PHASES

Norwegian biopharmaceutical company Vaccibody have developed two DNA vaccine
candidates to protect against coronavirus variants. On Oct. 6, the researchers
registered a Phase 1/2 trial. They will test the two vaccines head-to-head in the first
part of the study and then select one for further trials.

Updated Oct. 6

Genetic Vaccines

17- Chulalongkorn University and Chula Vac-
cine Research Center ' Chula

¢ Chulalongkorn University

Chulu VRC

Researchers at Thailand’s Chulalongkorn University have been developlng several
potential vaccines for the coronavirus. The furthest along is an mRNA-based vaccine
known as ChulaCov19. In September 2020, the Chula Vaccine Research

Center registered a Phase 1 trial to test it in humans. Delays in funding and
manufacturing slowed the study’s launch until June 2021. In an interview with the
Bangkok Post, the leader of the project said that up to 30 million doses might be
produced for Thailand and six other Asian countries if the vaccine proved to be safe
and effective. Citing positive preliminary results, the researchers said in August that
the vaccine would soon advance to the next phase of clinical trials.

Updated Oct. 4

Genetic Vaccines
18- Entos Pharmaceuticals

jJ+J entosi

The Canadian company Entos Pharmaceuticals has created a DNA vaccine for the
coronavirus. Most other genetic vaccines carry the gene for the spike protein on the
surface of the virus. Entos instead chose the gene for nucleocapsid, a protein that sits
inside the virus’'s membrane. They are betting it can offer long-lasting immunity. In
October 2020, Entos launched a Phase 1 trial in Canada for their vaccine, called
Covigenix VAX-001. They began dosing participants on April 15. Entos C.E.O. John
Lewis told Canadian media on Aug. 4 that the vaccine produced a sufficient immune
response without adverse reactions. He also said that a Phase 2 trial would take place
outside of Canada. Entos later said that the trial would take place in South Africa.
Updated Oct. 4
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Genetic Vaccines
19- Symovio

J+ISYMVivo £

On Nov. 2, 2020, the Canadian company Symvivo announced they had administered a DNA
vaccine to their first volunteer in a Phase 1 trial. The DNA is inserted into harmless bacteria,
which volunteers swallow in a frozen liquid (the company is working on putting the bacteria into
a pill). When the bacteria reach the intestines, the DNA slips into cells in the gut lining, which
then make viral proteins. Symvivo announced on July 19 that it received nearly $5 million in
funding from the National Research Council of Canada’s Industrial Research Assistance
Program to continue developing its vaccine.

Updated July 26

Genetic Vaccines B.
20- BioNet-Asia andTechnovalia == 10

Technovalia

Using a delivery system from PharmaJet, researchers at BioNet-Asia and Australia-
based Technovalia have developed a DNA vaccine called COVIGEN that can be
pushed through the skin without a needle. Instead, the dose is loaded into a handheld
device and shot directly into cell tissue through a jet spray of fluid. Vaccines for the flu
already use the device, which PharmaJet says is a safer alternative to needle
injections. The researchers registered a Phase 1 trial in Australia on Feb. 8, 2021.
Updated March 4

Genetic Vaccines
21- Stemirna Therapeutics and Shanghai East

Hospital StemrRNA

Chinese researchers at Stemirna Therapeutics have developed an mRNA vaccine in
collaboration with Shanghai East Hospital. They registered a Phase 1 trial on May 1,
2021.

Updated May 20



Genetic Vaccines V/

22- Scancell SCANCELL
N L
o =

Scancell, a British company that develops treatments for cancer, has created two DNA
vaccine candidates against the coronavirus. Their first vaccine, called SCOV1, targets the
original virus and its early variants. SCOV2 is intended to act as a booster shot. Scancell is
using a needle-free injection technology made by Colorado-based PharmadJet to administer the
vaccines into the skin through a concentrated jet of fluid. On Sept. 17, Scancell registered a
Phase 1 trial in South Africa. Participants will receive two doses of SCOV1 four weeks apart,
and then two doses of SCOV2 after 12 weeks.

Updated Sept. 21

Genetic Vaccines S5 ok ok om
THE UNIVERSITY OF HONG KONG

23- University of Hong Kong

Researchers at the University of Hong Kong are testing a DNA vaccine against the
coronavirus. In a Phase 1 trial, which was registered on Nov. 1., the researchers plan to deliver
a dose into the participants’ muscles and then use high-voltage electric shocks to induce cells
into receiving the vaccine. They wrote in the trial record that this strategy could improve vaccine
uptake.

Updated Nov. 2

Genetic Vaccines
24- Imperial College London and Morningside

Ventures % Imperial College
—4l=X | ondon
Abandoned MORNINGSIDE

In early 2020, Imperial College London researchers developed a “self-amplifying”
RNA vaccine for Covid-19, which boosted production of a viral protein to stimulate the
immune system. They began Phase 1/2 trials on June 15, partnering

with Morningside Ventures to manufacture and distribute the vaccine through a new
company called VacEquity Global Health. On Dec. 18, the researchers announced a
collaboration with Enesi Pharma to formulate a solid version of the vaccine that can
be implanted in the skin without a needle.

On Jan. 27, 2021, Robin Shattuck, the leader of the project, announced that “it is not
the right time to start a new efficacy trial for a further vaccine in the U.K.” Instead of
competing with authorized vaccines, they are turning their efforts to making
candidates that will work well against emerging variants of the coronavirus.

Updated March 20
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Genetic Vaccines SANOFI Y,

25- Sanofi and Translate Bio sk Translatesio

Abandoned I I

The French pharmaceutical company Sanofi collaborated with Massachusetts-

based Translate Bio to develop an mRNA vaccine for Covid-19. In 2020, they reported that the
vaccine, MRT5500, produced a strong antibody response in mice and monkeys, and protected
hamsters against coronavirus infections. They followed up on that research with a Phase 1/2
trial in March 2021. Over the summer, Sanofi acquired Translate Bio for $3 billion. On Sept. 28,
the company announced that the trial had yielded encouraging results. By then, however,
Pfizer-BioNTech and Moderna vaccines were widely available, and so Sanofi decided to pull
the plug on its own mRNA Covid-19 vaccine program. Meanwhile, it is continuing a Phase 3
trial on a protein-based vaccine that could serve as a booster against Covid-19.

Updated Sept. 28

Genetic Vaccines

26- CureVac <U RE@

Abandoned

VACCINE NAME: CVnCoV

EFFICACY: 48%

DOSE: 2 doses, 4 weeks apart

TYPE: Muscle injection

STORAGE: Stable at least 3 months at 36—46°F (2—8°C)

Genetic Vaccines
27- OncoSec Immunotherapies ONCOSEC

IMMUNOTHERAPIES

Abandoned

New Jersey-based OncoSec Immunotherapies has developed experimental cancer
treatments that deliver genes into tumors. There, the injected genes produce a natural
signalling molecule called IL-12, which attracts the attention of immune cells that attack
the cancer. In the spring of 2020, OncoSec began adapting their technology to make a
vaccine for the coronavirus. The vaccine, called CORVax12, consists of a loop of DNA
that encodes both the spike protein and IL-12. Causing the body to make extra IL-12
could potentially enhance the immune system’s ability to make antibodies to the spike
protein. On Jan. 27, 2021, the company began dosing participants in its Phase 1 trial to
test the safety of CORVax12. In November, a spokeswoman said that OncoSec was no
longer investigating the vaccine.

Updated Nov. 4



Genetic Vaccines

Preclinical

Other genetic vaccines in active preclinical development include vaccines
from: Batavia Biosciences and RocketVax; CureVac and GSK; Defence
Therapeutics; DIOSynVax; Doherty Institute and Monash University;
ETheRNA; EyeGene; Globe Biotech; Greenlight Biosciences; HIPRA and
Hospital Clinic de Barcelona; Infectious Disease Research Institute and

Amyris; Inovio; National Research Centre, ; National Health
Research Institutes, Taiwan; the OPENCORONA Consortia; the Spanish
National Center for Biotechnology and the Spanish National Research
Council.

Updated Nov. 10

Viral Vector Vaccines

Vaccines that contain viruses engineered to carry
coronavirus genes. Some viral vector vaccines enter cells
and cause them to make viral proteins. Other viral vectors
slowly replicate, carrying coronavirus proteins on their
surface.

Coronavirus Vaccine Tracker
(Viral Vector Vaccines)

Phase 1/2 Phase 2 Phase 2/3 Phase 3 Authorized Approved Abandoned
Combined Vaccinesin  Combined Vaccinesin  Vaccinesin  Vaccines Vaccines
trials expanded trials large-scale  early or approved abandoned

safety trials efficacy limited use  forfulluse after trials

tests

gltl)rregtly gbsgilg: 20
andoned: -
Preclinical: 13 32995 sl 6L
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Viral Vector Vaccines

01- Gamaleya Research InstituteSputnik V
(also known as Gam-Covid-Vac)

PHASE 3 ¥ MWUHMCTEPCTBO

EMERGENCY USE IN RUSSIA, IRAN PO KOI B EEPALIY
VACCINE NAME: Sputnik V (also known as Gam-Covid-
Vac) -

EFFICACY: 91.6%

DOSE: 2 doses, 3 weeks apart

TYPE: Muscle injection

STORAGE: Freezer storage. Developing an alternative
formulation that can be refrigerated.

4% MWHWUCTEPCTBO
i’ 3DPABOOXPAHEHMSI
POCCUMCKOW ®ELEPALIUM

Viral Vector Vaccines
01- Gamaleya Research Institute

b

// \ ey, //

T Ny

Viral Vector Vaccines 02- the University of Ox-
ford and AstraZenecaVaxzevria (also known as
AZD1222, or Covishield in India)

PHASE 2 N LT Sa
PHASE 3 > N
COMBINED PHASES I
APPROVED IN BRAZIL N
EMERGENCY USE IN E.U., ELSEWHERE
Il B AstraZeneca

VACCINE NAME: Vaxzevria (also known as AZD1222, or
Covishield in India)

EFFICACY: 74% against symptomatic

Covid19; 100% against severe or critical Covid-19.

DOSE: 2 doses
TYPE: Muscle injection
STORAGE: Stable in refrigerator for at least 6 months



wwd UNIVERSITY OF
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Viral Vector Vaccines ActraZenecd
02- the University of Oxford and AstraZeneca
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Viral Vector Vaccines

03- CanSino Biologics and Academy of Military
Medical Sciences.
PHASE 3

APPROVED IN CHINA
EMERGENCY USE IN OTHER COUNTRIES

VACCINE NAME: Convidecia (also known as Ad5-nCoV)

EFFICACY: 63.7% C .
DOSE: Single dose Q CanSinoBIO

TYPE: Muscle injection *
STORAGE: Refrigerated :

Viral Vector Vaccines04- Beth Israel Deaconess

Medical Center and Johnson & Johnson -
janssen )'

PHASE 3
APPROVED IN CANADA eth el LaheyHealth I
EMERGENCY USE IN US, ELSEWHERE Beth Israel Deaconess Medical Center

VACCINE NAME: Ad26.COV2.S fohmonafohmson

EFFICACY: 72% in United States, 68% in Brazil and 64% in South Africa
DOSE: 1 dose

TYPE: Muscle injection

STORAGE: Up to two years frozen at —4° F (-20° C), and up to 6 — oges
months refrigerated at 36-46° F (2-8° C). 32995 sl 65U
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Viral Vector Vaccines04- Beth Israel Deaconess
Medical Center and Johnson & Johnson

S—
janssen )'

N Bethlsrael Lahey Health ¥
/ \ Bethsrael Deaconess Medical Center
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B nproved " Ml Stopped usein favor of other vaccines

[7] Early, limited or emergency use

Viral Vector Vaccines05- University of Hong

Kong and Xiamen University and Beijing Wan-
tai Biological Pharmacy

PHASE 3

. . : B rexn
In 2019, researchers at the University of Hong Kong and Xiamen @5 THE UNIVERSITY OF HONG KONG
University created a nasal-spray vaccine for the flu based on a genetically = ] kg{
weakened form of the influenza virus. In early 2020, they engineered the % ﬁm UNWERST?Y
vaccine to produce part of the coronavirus spike protein as well. On Sept. 9, .
they received approval to start clinical trials in partnership with Beijing ’i" BERE
Wantai Biological Pharmacy. They registered a Phase 1 trial on March 22, v, WANTAI BroPharm
2021. At a June 11 press conference, a researcher for the Chinese Center
for Disease Control and Prevention said that this vaccine has completed
Phase 2 trials. And on Sept. 22, the researchers registered a Phase 3 trial.

The researchers are receiving $5.4 million in support from CEPI, the
Coalition for Epidemic Preparedness Innovations.
Updated Oct. 13

Viral Vector Vaccines

06- ReiThera & Lazzaro Spallanzani National In-
stitute for Infectious Diseases

PHASE 2
PHASE 3
COMBINED PHASES

The Italian biotechnology company ReiThera has developed a Covid-19 vaccine, called
GRAd-COV?2, that is based on an adenovirus that infects gorillas. Working in collaboration
with the Lazzaro Spallanzani National Institute for Infectious Diseases in Rome, they
found that it produced strong levels of antibodies in mice and monkeys. In July 2020, they
launched a Phase 1 clinical trial. In November, they announced that the vaccine was well
tolerated and produced antibodies, and released a report on the trial.



In March 2021, researchers launched a Phase 2 trial of the vaccine, which
delivered encouraging results in July. But it remained unclear if ReiThera would be able to
advance to a final Phase 3 trial.

In May, Reuters reported, a court in Italy struck down the government’s plan to fund the
Phase 3 trial. The government later said it was ready to support the vaccine trial, but has yet
to offer up the funds.

Updated Oct. 30

Viral Vector Vaccines07- Israel Institute for Bio-
logical Research

PHASE 2 %IIBR lNSTlTUTEFORBfoLUGfCALRESEAPC!
PHASE 3 X712 121913 1N DY 107
COMBINED PHASES T

|

In the spring of 2020, the Israel Institute for Biological

Research started work on a coronavirus vaccine based on vesicular stomatitis
viruses. They engineered the viruses to carry the gene for the coronavirus
spike protein. On Oct. 25, the Israeli government announced that the vaccine,
called Brilife, would be going into a Phase 1 trial. In January 2021, the vaccine
moved on to a Phase 2 trial. In July, Israel formed a partnership with the
American company NRx Pharmaceuticals to advance research on Brilife in
studies to be conducted in Israel, Georgia, and the Ukraine. The following
month, NRx registered a Phase 2/3 trial, with plans to recruit 550 volunteers.
Updated Sept. 7

Viral Vector Vaccines08- Washington University
&Bharat Biotech 88 Washington

University in St.Louis
DA
PHASE 2
PHASE 3 BHAXRAT
COMBINED PHASES BIOTECH

Researchers at Washington University designed a nasal spray vaccine that can
produce high levels of coronavirus antibodies in mice with just a single dose. It
contains a chimpanzee adenovirus engineered to carry the spike protein gene. The
Indian drug maker Bharat Biotech licensed the technology, and in February 2021 they
won approval to launch a Phase 1 trial of a vaccine, which they named BBV 154. On
Sept. 21, the chairman of Bharat announced that the Phase 2/3 trial was set to begin
in a matter of days. Government officials announced on Aug. 11 that they will allow
Bharat to perform a trial that mixes BBV154 with Covaxin.

Updated Sept. 22 33998 sl 0,5
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Viral Vector Vaccines08- Washington University

&Bharat Biotech ﬁK Cityof
Hope.

PHASE 2

Researchers at City of Hope, a California biomedical research institute, created

a vaccine based on a weakened form of a virus called Modified Vaccinia Ankara, or
MVA for short. They added two coronavirus genes to the MVA virus — one for the
spike protein, and one for another protein called nucleocapsid. They are testing the
vaccine specifically for people with immune systems impaired by cancer and other
disorders. Many of them do not produce a strong immune response to authorized
vaccines based on mRNA. The City of Hope researchers hope their MVA vaccine
works better. On Nov. 24, 2020, City of Hope announced the start of a Phase 1 trial.
In September 2021, researchers launched a Phase 2 trial, giving the vaccine

to volunteers with blood cancer who have received a bone marrow transplant or a
form of immunotherapy called CAR-T.

Updated Sept. 17

Viral Vector Vaccines10- Icahn School of Medi-
cine at Mount SinaiMahidol University &Govern-
ment Pharmaceutical Organization &Avi-Mex

Icahn School of Medicine at
Mount Sinai

7 o Parmantn Orpniten

— zAwmex

Mahidol University

Viral Vector Vaccines 11- Vaxart @ VAXART

PHASE 2

While many vaccines are given as injections, some vaccines can be taken as a pill. Oral vaccines
have been approved for diseases including polio, cholera, and typhoid fever. The small San
Francisco company Vaxart specializes in developing oral vaccines. They have created and tested
pills for influenza and other diseases. Last spring Vaxart began work on an oral vaccine for Covid-
19. It contains an adenovirus called Ad5 (the same viral vector in CanSinoBio’s vaccine and in
Russia’s Sputnik V).

When Vaxart gave the pill to mice, they produced antibodies against the coronavirus. Mice don’t
suffer symptoms of Covid-19, however, so the researchers then switched to hamsters, which do.
In an unpublished study, they found that the vaccine pill not only dramatically reduced the amount
of coronavirus in sick hamsters, but also protected them from two important symptoms of the
disease: weight loss and swollen lungs.

Updated Oct. 26



Viral Vector Vaccines 12-Cellid & LG Chem

PHASE 2 ”/.‘\“ CELLID

COMBINED PHASES $T4#  @LGChem

In April 2020, the South Korean biotech company Cellid began to develop a vaccine for Covid-
19. The vaccine, called AdCLD-CoV19, was based on a combination of two strains of
adenoviruses, called Ad5 and Ad35. After testing the vaccine on monkeys, Cellid entered into
a partnership with the South Korean chemical manufacturer LG Chem to manufacture the
vaccine.

In December 2020, Cellid registered a Phase 1 trial for AdCLD-CoV19, and a Phase 2 trial
launched in June 2021. But the results were disappointing, leading the company to
reformulate a new version of the vaccine, called AdCLD-CoV19-1. Cellid expects to finish the
Phase 1 trial of the updated vaccine in October 2021 and plans on getting final safety and
efficacy results in the second quarter of 2022. The company plans to run the Phase 3 trial as a
comparison between Cellid’s vaccine and Johnson & Johnson’s, but it is

having difficulty securing enough J&J doses to run the study.

Updated Oct. 4

Viral Vector Vaccines13- BIOCAD

BICCAD

PHASE 2
COMBINED PHASES

Russian biotechnology company BIOCAD has developed
a vaccine that uses a type of virus known as an
adenovirus-associated virus as a vector. The virus, called
AAV-5, carries a gene encoding part of the spike protein
from the coronavirus. They registered a Phase 1/2 trial for

the vaccine, called BCD-250, on Sept. 8, 2021. -
Updated Sept. 13

Viral Vector Vaccines13- BIOCAD

‘DZIF

German Center
Three decades ago, the German Center for Infection Research developed a forInfection Research
smallpox vaccine from a harmless virus called Modified Vaccinia Ankara, or MVA for

short. In recent years, they adapted it to create a vaccine for MERS, a disease -

caused by another coronavirus.

In the spring of 2020, they made an MVA-based vaccine for SARS-CoV-2, the
coronavirus that is causing the Covid-19 pandemic. It carries the gene for the spike
protein, which is produced inside cells that it invades. On Sept. 29, the center and a
consortium of German universities registered a Phase 1 frial. In January 2021, the
center announced that their initial formulation provided disappointing results and are
postponing the trial until they update it. They said that they resumed the trial with an
updated version of the vaccine on July 16, 2021.

Updated Aug. 4
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Viral Vector Vaccines15- ImmunityBio

- %munityBio

The California-based company ImmunityBio created a vaccine using the Ad5 adenovirus, the
same one used by CanSinoBio and the Gamaleya Institute in Russia. ImmunityBio engineered the
Ad5 virus to carry genes for two genes from the coronavirus. In addition to the spike protein, it also
carries the gene for a protein called nucleocapsid. The company hopes that this combination will
provoke a strong immune response.

The company found that the vaccine protects monkeys from the coronavirus. ImmunityBio launched
a Phase 1 trial of a Covid-19 vaccine in October 2020 in the United States and another in South
Africa in January. In February 2021, the company registered a Phase 1 trial of an oral version of the
vaccine.

On May 25, the company announced that it would study how well their candidate works as a
booster shot for those who already received other vaccines. They are also testing a nasal spray
version. They said on July 14 that trials of the booster shot would begin in South Africa later this
year.

The chairman, C.E.O. and Global Chief Scientific and Medical Officer of ImmunityBio is
billionaire Patrick Soon-Shiong, the owner of the Los Angeles Times.
Updated Aug. 20

Viral Vector Vaccines16- Gritstone bio &Nation-
al Institute of Allergy and Infectious Diseases

In a Phase 1 trial launched in March 2021, the National
Institute of Allergy and Infectious Diseases is testing
how well these two vaccines work together, with the
chimpanzee adenovirus serving as the first dose and the National Institute of
self-amplifying MRNA as the second. The researchers s e
hope that this combination will produce a better immune
response than two doses of either vaccine. On Sept. 20,
Gritstone dosed the first volunteer in a Phase 1 trial to
gauge the effectiveness of the mRNA vaccine as a
booster shot in older adults who have already received the
Astrazeneca vaccine.

Updated Sept. 21
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Viral Vector Vaccines17- Meissa Vaccines

Meissa Vaccines has developed a vaccine that can be delivered as a spray or drops into the
nose. To make the vaccine, researchers started off with another virus, called respiratory

e syncytial virus (RSV for short). The researchers introduced mutations into the RSV virus’s
"1.'99S (Sl"» °J'-' genes so that it replicated too slowly to cause disease. Then they added a gene for the

Covid 19;

The Comprehensive
National Congress On Covid 19




m— AVA

Meissa Vaccines

coronavirus spike protein, so that the weakened RSV viruses could present it to the immune
system. A study on monkeys rel d in July 2021 showed that the vaccine could produce
antibodies in the noses of the animals and protect them from Covid-19. The initial data from a
Phase 1 trial, announced Oct. 28, indicate that the vaccine can also produce high levels of
antibodies against the coronavirus in people’s noses. The full results of the trial will be released
in 2022.

Updated Oct. 30

Viral Vector Vaccines18- Tetherex Pharmaceu-
ticals Y TETHEREX

PHARMACEUTICALS

Researchers at Oklahoma-based Tetherex
Pharmaceuticals have created a vaccine that uses
genetically engineered viruses to develop immunity. They
registered a Phase 1 trial in Australia on April 9, 2021.
Mayo Clinic announced a deal to develop and market the
vaccine technology worldwide on July 6.

Updated July 6

Viral Vector Vaccines19- CyanVac
CYANVAC LLC

Scientists at the University of Georgia and the University of
lowa have developed a vaccine based on canine parainfluenza
virus, which has never been found to cause disease in humans.
They engineered it to carry proteins from the coronavirus. The
vaccine, called CVXGAA1, is administered as a nasal spray. In July
2021, the researchers published a study showing that a single dose
of the vaccine could protect mice and ferrets against Covid-19. A
spin-off company called CyanVac took the intranasal vaccine, called
CVXGA1, to Phase 1 frials the same month, and enrolled the first
participant in late September.

Updated Sept. 27
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Viral Vector Vaccines 20- EnGenelC

* *
ENGENEIC §§ .
Researchers at Australian biotechnology *
company EnGenelC have modified their cancer treatment ST

< = *
platform to carry a molecular payload that targets the coronavirus.
They are producing the vaccine, known as COVID-19-EDV,

primarily for people with compromised immune systems. On Sept.
7, EnGenelC announced that it had begun a Phase 1 trial in
Australia.

Updated Sept. 13

Viral Vector Vaccines 21 McMaster University
McMaster

University &
. - - . W
Canadian researchers at McMaster University are testing the

effectiveness of two viral vector vaccines as a booster in adults * I
who have already received two doses of an mMRNA vaccine. They

plan to administer the candidates into the lungs using a nebulizer.

On Oct. 26, the researchers registered a Phase 1 trial.

Updated Nov. 26

Viral Vector Vaccines22- Merck & Themis Bio-
science & Institut Pasteur

€29 MERCK

The American company Merck acquired the Austrian

firm Themis Bioscience in June to develop their vaccine,
which had been originally developed at Institut Pasteur.

The vaccine used a weakened measles virus that carries

a gene for the coronavirus spike protein.

Researchers launched a Phase 1 trial in August 2020. On
Jan. 25, Merck announced it was abandoning the effort, )
because the vaccine provoked a response that was {
weaker than a natural infection. In March they entered

into a partnership with Johnson & Johnson to help

produce their vaccine instead.

Updated March 4

INSTITUT
PASTEUR




Viral Vector Vaccines 23- Merck & |IAVI

ABANDONED 9 MERCK
In addition to its project with Themis, Merck partnered
with IAVI on a second viral vector vaccine. It was based on 'l
vesicular stomatitis viruses, the same approach Merck

successfully used to produce the first approved vaccine for
Ebola. They designed their coronavirus vaccine as a pill,
which could have made it easier to distribute than syringes for
injections. Merck and IAVI received $38 million from the
United States government to support their research, and on
September 30, 2020, they registered a Phase 1 frial. But on
Jan. 25, they announced they were abandoning the effort
because the vaccine failed to trigger an immune system
comparable to what happens in a natural infection of Covid-
19.

Updated Jan. 25

Viral Vector Vaccines 24- AltimmuneAdCOVID

ABANDONED

VACCINE NAME: AdCOVID @altlmmune

EFFICACY: Unknown
DOSE: 1 dose

TYPE: Nasal spray
STORAGE: Refrigerated

Updated June 30

Viral Vector Vaccines 24- Altimmune

= ($)altimmune
ABANDONED

Maryland-based Altimmune is a biopharmaceutical company that focuses on developing
vaccines delivered by nasal spray. They developed a nasal spray vaccine for Covid-19,
delivering the Ad5 adenovirus to the airway. Studies on the immune system suggests
that a nasal spray could be more effective for blocking the transmission of the virus than
vaccines given by injection. In a study on mice, Altimmune researchers found that a
single dose of the vaccine gave complete protection from a lethal infection of
coronaviruses. On Dec. 22, 2020, the company registered a Phase 1 clinical trial of a
single dose of the vaccine.
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But on June 29, 2021, Altimmune announced they were abandoning their Covid-19
vaccine. In their Phase 1 trial, they gave the spray to 80 volunteers and found that they
produced substantially lower levels of antibodies than produced by Covid-19 vaccines
that have already been authorized.

Updated June 30

Viral Vector Vaccines

PRECLINICAL

Other viral vector vaccines in active preclinical development include
vaccines from: 01- ID Pharma; 02- KU Leuven and Batavia Biosciences;
03- Smorodintsev Flu Research Institute; 04- the Spanish National Center
for Biotechnology and the Spanish National Research Council; 05-
Thomas Jefferson University and Bharat Biotech; 06- Tonix
Pharmaceuticals; 07- University of Helsinki, University of Eastern Finland,
and Rokote Laboratories Finland; 08- University of Pittsburgh; 09-
University of Western Ontario; 10- Valo Therapeutics and University of
Helsinki; 11- Vivaldi Biosciences; 12- Walvax Biotechnology, Tsinghua
University, and Tianjin Medical University; 13- Zydus Cadila.

Updated Sept. 3

Protein-based Vaccines

Vaccines that contain coronavirus proteins but no genetic
material. Some vaccines contain whole proteins, and
some contain fragments of them. Some pack many of
these molecules on nanopatticles.

> 11> 20> 2 > 19503 03 > 04 4

Combined Vaccinesin ~ Combined Vaccinesin  Vaccinesin  Vaccines Vaccines
trials expanded trials large-scale  early or approved abandoned
safety trials efficacy limited use  for fulluse  after trials
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Protein-Based Vaccines 01- Vector InstituteEpi-
VacCorona, Aurora-CoV
PHASE 3

APPROVED IN TURKMENISTAN
EARLY USE IN RUSSIA



VACCINE NAME: EpiVacCorona, Aurora-CoV
EFFICACY: Unknown

DOSE: 2 doses, 3 weeks apart

TYPE: Muscle injection

STORAGE: Stable in refrigerator for up to two years

Protein-Based Vaccines 01- Vector Institute
mm 7 BEKTOP
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M Approved b

3 Early, limited or emergency
use B

Protein-Based Vaccines02- Anhui Zhifei Long-
cominstitute of Medical Biology at the Chinese
Academy of Medical Sciences

PHASE 3 =
EMERGENCY USE IN SEVERAL COUNTRIES
VACCINE NAME: ZF2001,

Zifivax @ INSTITUTE OF MEDICAL BIOLOGY

EFFICACY: 81.76% 'S CHINESE ACADEMY OF MEDICAL SCIENCES

DOSE: 3 doses, 4 weeks apart

TYPE: Muscle injection &5 Z2rsw
The Biologics Compony

Protein-Based Vaccines02- Anhui Zhifei Long-
cominstitute of Medical Biology at the Chinese
Academy of Medical Sciences

PHASE 3 ) .
EMERGENCY-USE\IN SEVERAL COUNTRIES T \
A AL o 7i
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Protein-Based Vaccines03- Finlay Vaccine In-
stituteSoberana 2, or PastoCoVac (in Iran)

PHASE 3

EMERGENCY USE IN IRAN, CUBA &Iwwﬂm
VACCINE NAME: Soberana 2, or PastoCoVac (in Iran) E ‘9
EFFICACY: 71% with two doses, 92.4 % with Soberana —— /

Plus booster

Protein-Based Vaccines03- Finlay Vaccme In-
stitute >

N /
INSTITUTO
FINLAY DE
VACUNAS
I F .
K7 " M Approve d ?
I Early, limited or emerqenc)
\ use

Protein-Based Vaccines04- Center for Genetic
Engineering and Biotechnology of CubaAbdala

PHASE 3

EMERGENCY USE IN CUBA @) CENTRO

DE INGENIERIA GENETICA
VACCINE NAME: Abdala YT
EFFICACY: 92.28%

Protein-Based Vaccines04- Center for Genetic
Engineering and Biotechnology of Cuba

CENTRO <
DE INGENIERIA GENETICA
Y BIDTECNOLOGIA




Protein-Based Vaccines NV
05- Dynavax & Medigen Bl ozesemnnne

PHASE 3
EMERGENCY USE IN TAIWAN

Taiwan-based vaccine maker Medigen created a vaccine containing a combination of spike proteins and an
adjuvant from Dynavax. After a series of promising experiments on animals, they began injecting volunteers
for a Phase 1 trial in early October 2020, which showed that the vaccine provoked strong immune responses.
On Dec. 30, Medigen announced that it had received permission to commence a Phase 2 trial. The first
volunteers in the trial were injected in late January 2021. In July, Medigen started another Phase 2 trial

on children between 12 and 18 years old. Medigen received permission to begin a Phase 3 trial in Paraguay
on July 20. And on Oct. 15, the researchers registered a trial to assess their vaccine’s effectiveness as a
booster for those who have received one dose of the Moderna shot. They registered a similar trial on Oct. 27
for adults with two doses of the AstraZeneca vaccine.

Taiwan granted emergency use authorization to the vaccine on July 19. Results from the Phase 2

trial suggested that volunteers were producing strong levels of antibodies and did not have serious adverse
reactions. Taiwan started administering Medigen’s vaccine on Aug. 23. By Oct. 22, Medigen said that
1,362,524 doses had been administered.

EMERGENCY USE IN: Taiwan.
Updated Nov. 1

M Approved
Early, limited or emergency
use

Protein-Based Vaccines
06- Vaxine & CinnagenSpikogen

PHASE 3 —
EMERGENCY USE IN IRAN 0
vaxine

ISI=

VACCINE NAME: Covax-19, Spikogen % .
DOSE: 2 doses, 3 weeks apart

In June, 2021, Vaxine launched a Phase 2 trial in Iran, followed by a Phase 3 trial
registered Aug. 13. In October, Iran issued an emergency authorization for
Spikogen, to be produced by the Iranian company CinnaGen. Official results of the
Phase 3 trial are expected by the end of the year.

Il Approved L
[ Early, limited or emergenc)
use
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Protein-Based Vaccines07- Novavax (also
known as Covovax in India)

PHASE 3
EMERGENCY USE IN INDONESIA & Philippines

VACCINE NAME: NVX-CoV2373 (also known as Creating Tomorrow’s Vaccines Today
Covovax)

EFFICACY: 89.7%

DOSE: 2 doses, 3 weeks apart

TYPE: Muscle injection

STORAGE: Stable in refrigerator

In July the U.S. government awarded Novavax
another $1.75 billion to support the vaccine’s clinical
trials and manufacturing. ) ) -
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~ M Approved
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Protein-Based Vaccines08- Medicago & gsk

PHASE 3

medicago
VACCINE NAME: CoVLP
EFFICACY: Unknown I*I
DOSE: 2 doses, 3 weeks apart I~

TYPE: Muscle injection

STORAGE: Stable in refrigerator T

Protein-Based Vaccines gsk & Sanofi10- Sano-
fi & gsk PHASE 3

In early 2020, Sanofi developed a Covid-19 vaccine based on viral proteins they
produced with engineered viruses that grow inside insect cells. GSK supplemented
these proteins with adjuvants that stimulate the immune system. The vaccine,
called Vidprevtyn, is based on the same design Sanofi used to create Flublok, an
SANOFI approved vaccine for influenza. The companies launched a Phase 1/2 clinical trial
d in September 2020.

Vidprevtyn was widely expected to play a major role in tackling the pandemic. In the
United States, Operation Warp Speed selected it as one of six vaccines to secure in
large quantities, reaching a $2.1 billion agreement for 100 million doses. On Sept.
18 Sanofi closed another deal with the European Union for 300 million doses for an
unspecified amount, and later reached an agreement with Canada for up to 72
million doses. In addition, Sanofi agreed to provide 200 million doses to COVAX, an
international collaboration to deliver the vaccine equitably across the world. The
company expected to move to a Phase 3 trial in December and potentially seek
emergency use authorization for Vidprevtyn in the United States by spring 2021.
Sanofi announced plans to make up to one billion doses in 2021.

NS L
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Protein-Based Vaccines 11-West China Hospi-
tal of Sichuan University Stidhs s oo

*1
PHASE 3

In July 2020, researchers at West China Hospital of Sichuan
University published a study in Nature describing a vaccine made from
the RBD region of the spike protein that could protect mice and
monkeys from the coronavirus. To make the vaccine, researchers
encoded the RBD region in a gene, which they inserted into a virus.
They then infected insect cells with the virus, causing them to make the
molecule in huge amounts. On Aug. 24, they launched a Phase 1 trial,
and on Nov. 16 they moved to Phase 2 with a study on 960 volunteers.
On Jan. 22, 2021, the researchers registered another Phase 2 trial with
4,000 volunteers. A Phase 3 frial began on June 1.

Updated June 1

Protein-Based Vaccines12- Nanogen Biophar-
maceutical

NANG:EN

BIOPHARMACEDTICAL
PHASE 3

On Dec. 10, 2020, Nanogen Biopharmaceutical in

Vietnam began recruiting 60 volunteers for a Phase 1 trial of
their protein-based vaccine Nanocovax. Vietham news
agencies announced that Nanocovax entered a Phase 2 trial in
February, 2021. Nanogen researchers reported that in these
early studies, the vaccine did not cause any dangerous side
effects and promising levels of antibodies. In June,

Nanogen launched a Phase 3 trial.

Updated Oct. 19
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Dr Talat Mokhtari-Azad
DVM, MPH, PhD Tehran University of Medical Sciences
Review of SARS-CQV 2 circulation in Iran and world



SEVEN COVS THAT CAN INFECT HUMAN AND CAUSE
RESPIRATORY DISEASES

DR. MISWAR FATTAH

Nomenclature systems for virus variants...

* GISAID, WHO and Pango are established systems that name and track
virus variants.

* These systems are designed to give scientists a common language in
which they can discuss and investigate the evolution of SARS-CoV-2.

GISAID labelling:

* Based on marker mutations from the early split of S and L, to the fur-
ther evolution of L into V and G, and later of G into GH, GR and GV,
and more recently GR into GRY.

e S:NS8-L84S

e L: (Reference sequence)

e V:NS3-G251V

e G:S-D614G

e GK: S-D614G + S-T478K

e GH: S-D614G + NS3-Q57H

e GR:S-D614G + N-G204R

e GV:S-D614G + S-A222V

e GRY: S-D614G + S-N501Y + N-G204R
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Blue: Asta
Green: new from Oceania
Magenta: new from Americas
Red: new from Eurcpe

Grey: from previous updates

Pango labelling:

e The Pango dynamic nomenclature is a system for identifying SARS-
CoV-2 genetic lineages of epidemiological relevance

e The Pango nomenclature is being used by researchers and public
health agencies worldwide to track the transmission and spread of
SARS-CoV-2, including variants of concern.

e The SARS-CoV-2 variants that first circulated were denoted as lineages
A or B. As they evolved, their descendants were marked by a series of
numbers. For example, B.1 includes the outbreak in Europe in early
2020.

¢ The variant named B.1.351, is its 351st descendant.

e If these names become too long, a new lineage begins under a dif-
ferent letter of the alphabet. For example, the variant that was first
identified in Brazil is called P.1.
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Hierarchical system

reflects virus
evolutionary history

Nomenclature systems for virus variants...

WHO system assigns SARS-CoV2 variant names that are easy to pro-
nounce and minimizes negative effects on countries and their citizens

WHO recommends labels using letters of the Greek alphabet,
i.e., Alpha, Beta, Gamma,...

Once all 24 letters have been assigned, other lists of names will be
considered.

GREEK ALPHABET

Apha Gamma Nu Tau
(al-fah) (gam-ah) (new) (taw)
Beta Eta Omicron Upsilon
(bay-tah) (ay-tah) (om-e-cron) (up-si-lon)

Chi lota Pi Omega
(kie) (eye-o-tah) (Pie) (oh-may-gah)

Delta I( Kappa Theta P Xi

(del-ta) (cap-pah) (thay4ah) |\ (i€)
Epsilon Lambda Rho Psi
(ep-si-lon) (lamb-dah) (roe) (sigh)
Phi Mu Sigma Zeta
(fie) (mew) (sig-ma) (zay-tah)
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Variant of Concern (VOC)

e Transmissibility

e Severity of disease

e Effectiveness of prior SARS-CoV-2 infection
* Effectiveness of vaccines

* Effectiveness of current tests

e Effectiveness of current treatments

Currently designated variants of concern (VOCs)

United
Alpha B117 GRY 201 (V1) :g :22; Kingdom, 18-Dec-2020
Sep-2020
South Africa,
Beta B.1.351 GHI501Y. V2 20H (V2) +S:L18F ez 18-Dec-2020
Gamma  PA GRIS01YV3 204 (V3) +S:681H Brazil, 11-Jan-2021
Nov-2020 e
+S:417N - . ]
India, VOI: 4-Apr-20;
Delta B.1617.2 G/47T8KV1  21A 211, 21J .
S 484K Oct-2020 VOC: 11-May-
Multiple VUM: 24-Nov-
Omicron® B.1.1529 GRA 21K, 21L +R346K countries,
Nov-2021 VOC: 26-Nov-

Currently designated variants of concern (VOCs)

Lambda c37 | GRs2aV1 | PO D" | 14.0un-2021
Colombia,
Mu B.1.621 GH “olomba: | 30-Aug-2021
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Sequencing of SARS-COV2

Selected samples are sequenced by two methods in the National Influenza

Center:

. 1- Sanger sequence ( partially sequencing): In this method, part of the S
gene is sequenced for variant determination.

. 2- NGS( next generation sequencing) full genome sequencing ) :In this
method, the full length of the genome is sequenced

SARS COV-2 In IRAN (1)

¢ To date, Iran has experienced five waves of the severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV2) pandemic since the first
detection of SARS-CoV2 on 19 February 2020 in Iran.

. As of 16 November 2021, 253640693 cases of SARS-CoV2 with 5104899
deaths were reported worldwide and in Iran 6045212 laboratory con-
firmed cases with 128272 deaths reported (https://covid19.who.int/).

SARS COV-2 In IRAN (2)

* Different lineages of SARS-CoV2 contributing to all five waves and
showed that all viruses circulating during the 5th wave belonged to
delta variant.

e |t should be noted that for variant detection, partially sequenced S
glycoprotein of more than 1000 samples with Sanger sequencer
which the results were compatible with NGS results during all 5 waves
(unpublished data).

SARS COV-2 In IRAN (3)

* During the 1st wave, V and L clades were detected.

J The second wave was recognized by G, GH and GR clades.

e Circulating clades during the 3rd wave were GH and GR.

* In the fourth wave GRY (alpha variant), GK (delta variant) and one GH
clade (beta variant) were detected.

e All viruses in the fifth wave were in clade GK (delta variant). There were
different mutations in all parts of the genomes but Spike-D614G, NSP12-
P323L, N-R203K and N-G204R were the most frequent mutations in these
studied viruses.
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Sanger Sequencing March 2021 to 14 Dec.( Esfand- Azar 1400)

From beginning of the year 1400 , more than 700 samples have been se-
quenced by the Sanger method.

*  Most of the samples were Alpha variants (English), which gradually were
replaced by the Delta variant( Indian)

. Between June and August, 90% of the samples were the Delta variant
*  The last Alpha variant were detected in 10th August 2021 (19th Mordad 1400)
*  From September until now ( November), 100% of the samples are delta variant.

NGS Sequencing of SARS-CoV-2 1400/2/8

e The results of full genome sequencing of 11 SARS-CoV2 viruses during
the fourth wave showed that the viruses circulating variants despite the
selection of various samples including hospitalization, ICU, outpatient, re-
turn from the passenger form Turkey , Bandar Abbas and Kahrizak sana-
torium, all were in Clade GRY , lineage B.1.1.7, which are known as Alpha
variant (English) which was the dominant Clade in the world at that time .

J It should be noted that there were no South Africa (Beta), Brazil (Gam-
ma) and India (Delta) variants.

NGS Sequencing of SARS-C0V-2

GRY Clade

Phylogenetic tree of Iranian strains
in 1400/2/8 (with yellow circle)

7| GH Clade

GV Clade

S " |s Clade

\ L Clade
808
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NGS Sequencing of SARS-C0V-2 1400/3/8

nronvanc:sitra0e

GRY Clade

e The 8 Iranian strains that were
sequenced, categorized as

| follows: Two strains (similar
to English strains) in Clade

GRY, five strains (similar to

Indian strains) in Clade G and

i GH Clade one strain (similar to African
strains) in Clade GH

GV Clade

1
‘Gllan NIC$1.32/2020.08 22
sorz0zt 0505
NiCT 1507202005

ranGorgan NICOZ82020.04 06
® ron/Gorgon NC1402020.04.05

Englangicpl s,

2

markE
VIEPIIS
aWuhan Hu 1INC 045512272020
anUrmia NICO31U12020.05.06
JA/EPI1SL 58150012020-08-12

GRY Clade

* Phylogenetic tree of Iranian
strains (which are marked
with a red circle). Five strains
in Clade GK and one strain in
Clade GRY.

IRANITeNran NIC- 152021
IRANTehanNIC-1712021

GK Clade

usarEpisL 75291300
USAr20200p1 13 78843712020-11.30
—Enginer 5L ToiTcinzn 1245
4 is
10405 2021

AR
PI 5L 72600312020 0803

IRAN Kashimar NI C15/2020-12:27 GH Clade

Voo NCEZ97070.05.19

GV Clade

EnglandEPLiSL 75668412020

S Clade

[ ——

rEEeERsy e [LClade ”
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GK Clade

GR Clade

GH Clade

|GV Clade
383030

v Clade

s Clade

1 larr—a}

Figure 1. Phylogenetic tree of SARS-CoV2 full-length genomes constricted by MEGA 7. The Neighbor
joining method was used with 1,000 bootstrap replicates. The tres contains 54 SARS-CoV2 sequences of
these study compared to the reference seguence from GISAID and some other sequences from sach
clade. In this tree the reference sequence is marked by white circle and sequences of this study were
marked as follow: The 1st wawve black circle, the 2nd wawve inverted black triangle, the 3rd wawve with
black square, the 4th wave with black Triangle and the S5th wave with black dismond.

One of the advantages of genome sequencing is identification of the
circulating variants that perhaps might be useful for choosing the best
compatible vaccine.

Choosing the correct vaccine and complete vaccination will make the
community safer against the disease.

After the wide coverage of vaccination in Iran, the incidence and mortal-
ity rate is greatly decreased.

On 26 November 2021, WHO designated the variant B.1.1.529 a variant of
concern, named Omicron that has several mutations that may have an
impact on how it behaves, for example, on how easily it spreads or the se-
verity of illness it causes. Here is a summary of what is currently known. ).

The omicron variant distinguishes itself from previous variants by harboring
in its genomic sequence 50 mutations (30 of which occur within the spike pro-
tein}—a jump from the 13 mutations found within the delta variant (B.1.617.2).

More mutations does not intrinsically mean that a variant is more danger-
ous, but almost immediately omicron generated concern within the glob-
al health community regarding its transmissibility and ability to evade
both vaccine-induced and natural immunity.



¢ Omicron has some deletions and more than 30 mutations, several of which
(eg, 69-70del, T95I, G142D/143-145del, K417N, T478K, N501Y, N655Y,
N679K, and P681H) overlap with those in the alpha, beta, gamma, or del-
ta VoCs.8 These deletions and mutations are known to lead to increased
transmissibility, higher viral binding affinity, and higher antibody escape.

Omicron different lineages...
The unique mix of spike amino acid changes in Omicron (clade GRA, lin-
eage B.1.1.529 and descendants BA.1 and BA.2) is of interest as it com-

prises several that were previously identified to affect receptor binding
and antibody escape.

Major Variants Mutation History

m.mm

Virus
Spike 9 7 32
RBD 9 2 10

Omicron Behavior so far

Transmissibility Vaccine evasion Virulence

* Increasing Neutralization ability *  Unknown

* Epidemiology Reduction in efficacy e Seems less virulent
T-cell response
Transmission prevention
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Incidence of SARS-CoV-2 infections by variant of
concern. Note the rapid rise of Omicron

14,000
12 000

10,000

8,000

e—
14 710131619222528313437404346495255586164677073 7679828588
B0 — First wave Doubling time*
70 — Second wave N\ Fourth wave (omicron)=1.2 days
— Third wave : Third wave (delta)«15 days
b0 Fourth wave /' \ Second wave (beta)s1.7 days
504 \ First wave (D614G)=173 days

7-day moving average of national
daily cases per 100000 population
i

Days

Figure: SARS-CoV-2 cases in first, second, third, and fourth waves, Gauteng Province of South Africa
*Daubling time for the first 3 days after the wave threshold of ten cases per 100 000 population. 7-day maving
average cases per 100 000 population up to Dec 1, 2021. Data are from the Department of Health, Government of
South Africa.™

Distribution of SARS-CoV-2 infections by major vari-
ants of concern globally and in South ... [+] stesaine

Global

Bl Awpha Bl Bew [0 pena Bl omicron

FIGURE 2: Distribution of SARS-CoV-2 infections by major variants of concern globally and in South _
[+] sTeBBING



OMICRON variant

e Transmissibility

o Severity of disease

o Effectiveness of prior SARS-CoV-2 infection
o Effectiveness of vaccines

e Effectiveness of vaccines

e Effectiveness of current tests

Change in proportions of variants
compared to the four weeks before 2021-11-09

Delta

Alpha

Beta

Gamma

Omicron +0.7%

Variants of Interest +0.0%

Variants Under Monitoring -0.0%

Others = +0.6%

Timecourse of variant distribution in all submitted sequences 2021-12-07

100% 100%
90% | f-90%
80% | [-80%
70% F70%
60% | Fe0%
50% Fs0%
40% | f-a0%
30% f-30%
20% f20%
10% F10%

0% Lox

Delta GK (B1617.2 + AY.x)

Alpha GRY (8117 + Q.x)

Beta GH/501Y.V2 (B8.1.351 + B1.351.x)

Gamma GR/S01Y.V3 (P1 + P1.x)

Omicron GR/484A (8.11.529) Small and/o
Variants of Interest Variable Samf
Variants Under Monitoring N

Others We grotefully acknowledge
the Authors from Originating
and submitting loboratories

analysis is basedt
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WHO Coronavirus (COVID-19) Dashboard 13 December 2021

5,304,248

Conclusion

We await knowledge of how this new VoC will impact clinical presentation.
At this stage, the available anecdotal data from clinicians at the front lines in
South Africa suggest that patients with omicron are younger people with a
clinical presentation similar to that of past variants.

Although no alarming clinical concerns have been raised thus far, this
anecdotal information should be treated with caution given that severe
COVID-19 cases typically present several weeks after the initial symptoms
associated with mild disease.

The report of the new variant has caused national governments to react
with the reintroduction of non-pharmaceutical measures and ramped up
vaccine booster programs in the hope of delaying the spread of omicron.
Controversially, however, for some governments the immediate response
was to issue travel bans against South Africa. The UK was the first to
adopt such a proposal, and was swiftly followed by the USA, Israel, and
others
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Outline

- Introduction
- SARS-CoV2 variants
- Diagnosis challenges

Introduction...

- Introduction
- SARS-CoV2 variants
- Diagnosis challenges

COVID-19

SARS-CoV-2
2019-nCoV
HCoV-19

ety

Introduction...

- Enveloped, roughly spherical

- Diameter 120-160 nm

- The spikes typically described as club-like or petal shaped
- Single stranded, positive sense RNA viruses, 26-32 kb
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Introduction...

You may hear different words related to SARS-CoV2:
- Mutations
- Variants

- Strains FIANE ﬁ g
o W e

..............

- Mutation an error introduced during viral replication

- Variants describes the version of the virus that has changed, through
mutation, from the original virus.

- Strains is used in the same way as the word variants.

All viruses evolve over time

- Viruses replicate. When replicating, sometimes mistakes are made.
- Most changes have little to no impact on the viruses properties.

However some changes can lead to
variants of the virus that may affect:

- Virus transmissibility
- Disease severity
- Efficacy of vaccines, therapeutics or diagnostic tools

SARS-CoV2 variants nomenclature




Nomenclature systems for virus variants...

- GISAID, WHO and Pango are established systems that name and track

virus variants.

- These systems are designed to give scientists a common language in
which they can discuss and investigate the evolution of SARS-CoV-2.

https://www.gisaid.org/
https://cov-lineages.org/

- GISAID labelling:

Based on marker mutations from the early
split of S and L, to the further evolution of L
into V and G, and later of G into GH, GR and
GV, and more recently GR into GRY.

S: NS8-L84SL: (reference sequence)V:
NS3-G251V G: S-D614G GK: S-D614G +
S-T478K GH: S-D614G + NS3-Q57H GR:
S-D614G + N-G204RGV: S-D614G +
S-A222V GRY: S-D614G + S-N501Y + N-G204R

SATHC 4 Guopf D2 ARDEAIL A2 A1

Nomenclature systems for virus variants...

Pango labelling:

- The SARS-CoV-2 variants that first circulated were denoted as
lineages A or B. As they evolved, their descendants were marked
by a series of numbers. For example, B.1 includes the outbreak

in Europe in early 2020.

- The variant named B.1.351, is its 351st descendant.
- If these names become too long, a new lineage begins under a
different letter of the alphabet. For example, the variant that

was first identified in Brazil is called P.1.
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Nomenclature systems for virus variants

- WHO system assigns SARS-CoV2 vari-
ant names that are easy to pronounce
and minimizes negative effects on coun-
tries and their citizens

- WHO recommends labels using letters
of the Greek alphabet,

- i.e., Alpha, Beta, Gamma,...

- Once all 24 letters have been assigned,
other lists of names will be considered.

SARS-CoV2 variants

Africa Asia Europe Oceania North America South America
(+417) (+3,416) (+166,939) +1,495) (+40,549) (+1,349)

4.2%

, [85% —— 088K 995% 999% 98.0% 14%

Delta MM Beta I Omicron Variants Under Monitoring
Il Alpha Gamma Variants of Interest M@ Others

Variant of Concern (VOC)...

- A variant which has been associated with at least one of the following:

- Increase in transmissibility or detrimental change in COVID-19 epidemi-
ology

- Increase in virulence or change in clinical disease presentation

- Decrease in effectiveness of public health and social measures or avail-
able diagnostics, vaccines, therapeutics
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Variant of Concern (VOC)

United
Alpha Kingdom
B.1.1.7 GRY b 18-Dec-2020
Sep-2020 ¢
South
Eets BA351 | GHiso1v.v2 | Africa, 18-Dec-2020
May-2020
Gamma P.1 Brazil,
GR/501Y.V3 Nov-2020 11-Jan-2021
Delta India, VOI: 4-Apr-2021
B.1.617.2 |G/478K.V1 0ct-2020 VOC: 11-May-2021
Multiple .
Omicron B.1.1.529 |GR/484A countries, VAULLB ZH A
VOC: 26-Nov-2021
Nov-2021

Variant of Interest (VOI)...

- A variant which is both:

- Phenotypically changed compared to a reference isolate or has a ge-
nome with mutations that lead to amino acid changes associated with
established or suspected phenotypic implications (including epidemiol-
ogy, antigenicity, or virulence or changes that have or potentially have a
negative impact on available diagnostics, vaccines, therapeutics or public
health and social measures)

- Has been identified to cause community transmission/multiple COVID-19
cases/clusters, or has been detected in multiple countries

- Also called Variant Under Investigation (VUI)

Variant of Concern (VOC)

Lambda C.37 GR/452Q.V1 | Peru, Dec-
2020 14-Jun-2021
Colombia
Mu B.1.621 GH ’ 30-Aug-2021
Jan-2021 3995 sl 8
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Variant under Monitoring (VUM)...

- A variant which is being monitored by a
public health agency to detect if it meets
the conditions of a Variant of Concern or
Interest.

- It may also be used for variants which
have previously been designated as VOCs
or VOIs but have been downgraded by the
public health agencies based on recent
data.

Variant under Monitoring (VUM)

_ AZS5 GR Multiple countries, | VUM: 02-Jun-2021

Jan-2021
South Africa, May
C.1.2 GR 2021 01-Sep-2021
B.1.617. . VOI: 4-Apr-2021
Kappa 1 G/452R.V3 India, Oct-2020 VUM: 20-Sep-2021

United States of

VOI: 24-Mar-2021

Congo, Sep-2021

Lota B.1.526 |GH/253G.V1 America, :
Nov.2020 VUM: 20-Sep-2021
Multiple .
Eta B.A.525 |GI484K.V3 countries, xghﬁ;‘;:z%ﬂ
Dec-2020 : P
Dominican
B.1.630 |GH Republic, Mar- 12-Oct-2021
2021
B.A1.640 GH/490R Republic of 22-Nov-2021

De-escalated Variants

- These former VOCs and/or VOIs have been de-escalated by public health
agencies based on at least one the following criteria:

(1) the variant is no longer circulating

(2) the variant has been circulating for a long time without any impact
on the overall epidemiological situation

(3) scientific evidence demonstrates that the variant is not associated
with any concerning properties
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Iran NIC Sequencing program...

- For variant identification during SARS-CoV2 waves in Iran, Sanger se-
quencing has been performing with partially sequencing of the spike gly-
coprotein on some selected samples referred to Iran National Influenza
Centre. Meanwhile NGS has been performing on some selected samples
during each wave.

- Sample selection:
- Different cities all over the country
- Special cases with unusual co-morbidities
- Suspected imported cases
- Special cases with unusual death

Iran NIC Sequencing program...

- Last Alpha variant samples were:

- 2 samples from Maragheh/ 3 August 2021

- 1 sample from Tehran- Airport/ 8 August 2021
- 1 sample from Urmia/ 10 August 2021

Iran NIC NGS program

GRY Clade

- Phylogenetic tree of all
61 complete genome se-
quencing of SARS-CoV2
variants in Iran. 6 marked
strains were for the 5th
wave.

GK Clade

GH Clade

GV Clade

o | L Clade .\?995 (Sl-‘» o_jl;i
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Common problems in SARS-CoV2 diagnosis

SARS-CoV2 laboratory testing

RNA Antigen Antibody
E gene N protein IgM
RdRp gene S protein IgG
N gene IgA
S gene
rRT-PCR ELISA ELISA

Gold standard for diagnosis ~

First line
&confirmatory
- Real time reverse transcription .‘ ST
polymerase chain reaction (rRT- Gene target e
PCR) is the current gold stan- - Py e
dard for diagnosing suspected diagnosis ]
cases of COVID-19. SARS-CoV2 N

screening

Relative positions of amplicon targets on
SARS-CoV2 genome

Orfa Orfab S EM N
MNgoBgs7 W uhan-Hu4 1 1 VA
NC_oog7i8 SARS-CoV 1 1 1 HESRE ]
15,361-15,460 26,126,253 28,555-28,682
Rkp 1 N

E: envelope protein gene; M: membrane protein gene; N: nucleocapsid protein gene; ORF: open reading frame; RdRp: RNA-dependent RNA
polymerase gene; S: spike protein gene.

Numbers below amplicons are genome positions according to SARS-CaV, GenBank NC_004718.



Why might COVID-19 Sampling issues
tests fail?

Sampling carried
out outside of the
diagnostic window

Poor handling &
Sampling wrong samples
Common
problems in

SARA-CoV2 Use trained

staff

diagnosis
Repeat
sampling

Repeat
training
courses

Sampling issues

- RT-PCR results also depend heavily on the type of sample taken:
positive sampling rates vary widely between:

- oropharyngeal swabs (32—48%)

- nasopharyngeal swabs (63%)

- bronchoalveolar lavage fluid (79-93%)

- sputum (72-76%)

- stool (29%)

Laboratory issues

Misinterpretation
Problems with of theresults
primers and probe
Insufficient ok i
materials t
w0l ORFlab gene 4

84

N gene

RFU (1043}

Use of
adequately
validated assays

“ Ly
Instrument t / i
malfunctioning i 1
t;ﬁ‘.—.ﬁf:.‘.‘f..........4

] 10 0 ¥ ]

33995 (sl 60U

Covid 19;

The Comprehensive
National Congress On Covid 19




33995 sl 6jG

Covid 19;

The Comprehensive E
National Congress On Covid 19

Virus mutations

sars-covz_es_e2] SARS-Cov-2_185_N1
SARS-Cov2_1BS_m_RdRP2 | SARS-Cov-2.185 52 | SARS-Cov2_IBS_m_N2
SARS Cov2_1B5_m_ReRP 1 sars.cov2 s m s 1] SARS-Cova_1B5_m_N 1

sars.cov2 5 m 52 [l

Spike protein ()

Membrane protein (M)

RNA-dependent RNA polymerase(RdRP)

Envelope protein (E)

Nucleocapsid protein (N)

Take home message

- Nucleic acid amplification tests may be problematic with
- poorly timed specimen collection
- poor-quality specimen collection
- the requirement for trained laboratory technicians

Currently, a ‘clinical diagnosis’ of COVID-19 relies on a combination of
sign and symptoms and RT-PCR results

- Specimen collection
- Within 5 to 6 days of the onset of symptoms

- Repeated testing may be particularly important if a patient has a clini-
cal picture of viral pneumonia, a potential exposure history, and/or radio-
graphic findings

Nucleic acid amplification test (NAAT)...

- A number of factors could lead to a negative result in an infected individ-
ual, including:

- Poor quality of the specimen

- The specimen was collected late in the course of the disease, or the

specimen was taken from a body compartment that did not contain the
virus at that given time



Nucleic acid amplification test (NAAT)

- The specimen was not handled and/or shipped appropriately

- Technical reasons inherent in the test, e.g. PCR inhibition or virus
mutation.

- False positive results may occur due to technical errors and re-
agent contamination.
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COVID 19

Vaccines And Immunity

Virus morphlogy

Vaccines And Immunity

Coronavirus disease 2019 (COVID-19)

caused by the novel severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), is a serious disease that has resulted in widespread global
morbidity and mortality

Most patients with COVID-19 exhibit mild to
moderate symptoms

but approximately 15% progress to severe pneumonia and about 5% even-
tually develop acute respiratory distress syndrome (ARDS), septic shock
and/or multiple organ failure.

SARS-CoV-2 infection

can activate innate and adaptive immune responses.

However, uncontrolled inflammatory innate responses and impaired adap-
tive immune responses may lead to harmful tissue damage, both locally
and systemically.
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WY

SARS-CoV-2 contains four major structural pro-
teins

- S proteins are responsible for recognition of the host cellular receptor to
initiate virus entry.

- M proteins are embedded in the envelope and shape the virion envelope.
- E proteins are small polypeptides that are crucial for CoV infectivity.

- N proteins make up the helical nucleocapsid and bind along the viral
RNA genome.

S protein

- S protein is the main protein used as a target in COVID-19 vaccines.

- S protein consists of amembrane-distal S1 subunit and a membrane-prox-
imal S2 subunit and exists in the virus envelope as a homotrimer.

- The S1 subunit determines receptor recognition via its receptor-binding
domain (RBD),

- The S2 subunit is responsible for membrane fusion, which is required
for virus entry



The S protein comprises

- the S1 subunit which includes: the N-terminal domain (NTD)
- and the receptor-binding domain (RBD)

- the receptor-binding motif (RBM) within the RBD

- the S2 subunit which includes: .
- fusion peptide (FP),

- connecting region (CR),
- heptad repeat 1 (HR1),

- heptad repeat 2 (HR2) - Sy
-And central helix (CH). “ “ ”

The SARS-CoV-2 S protein binds to its host re-
ceptor

- the dimeric human angiotensin-converting enzyme 2 (hACE2), via the
RBD and dissociates the S1 subunits Cleavage at both S1-S2

- and S2' sites allows structural rearrangement of the S2 subunit required
for virus—host membrane fusion

- The RBD is an attractive vaccine target. The generation of an RBD-dimer
or RBD-trimer has been shown to enhance the immunogenicity of RBD-
based vaccines. A stabilized S-trimer shown with a C-terminal trimer-tag
is a vaccine target

HUMORAL IMMUNE RESPONSE TO SARS-
COV-2

- Current clinical reports show that antibodies against SARS-CoV-2 viral
particles develop between 6 and 10 days after infection,

- with peak IgM antibody levels at 12 days, and persist for 35 days.

- In contrast, the IgG antibodies peak around 17 days and persist for up
to 49 days.
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Current World Health Organization guidelines

- recommend obtaining a blood sample during the first week of illness and
then 3 to 4 weeks later to measure SARS-CoV-2 antibodies. 13

- Within 5 days of infection, the IgM positive rate increased from 50% to
81%,

- whereas the IgG positive rate increased from 81% to 100% in COVID-19
patients.

Vaccination

is a safe, simple, and effective way of protecting a personagainst COVID-19

Certain persons Including:

- pregnant women,

- breastfeeding individuals,

- autoimmune conditions and immunocompromised persons,
- diabetic patients,

- and people with respiratory and heart disease

- require special consideration for COVID-19 vaccination

At present, 184 candidate vaccines

- were being evaluated in preclinical and
- 104 in clinical stages of development.

- 41 vaccines in phase 3

- 18 COVID-19 vaccines approved,

- and are currently in use worldwide



These vaccines are in four primary groups

using various platforms:

- viral vector vaccines,

- whole virus vaccines,

- nucleic acid vaccines,

- and protein-based vaccines.

Vaccination in view of gender difference

- It has been shown that several factors, including:
- the genetic,

- immune system,

- gut microbiome,

- and steroid hormones

- are varied between men and women

- that contribute to gender - and sex-specific vaccine responses and out-
comes.

Women produce more antibodies

- as a result of vaccination
- and respond more actively to infections.

- In women, a strong response of the immune system may increase the
risk of autoimmune diseases

- and a good capability to fight against various infections.

A higher level of COVID-19 antibody

- has been reported in women than in men after COVID-19 infection.

- Women display more strong cellular and humoral-mediated immune re-
sponses to vaccination and infection.
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Thus, the vaccine efficacy suggested for adults

- Is potentially greater for women than men.

- Men, due to high levels of testosterone, show low levels of COVID-19
vaccine effectiveness.

- In this respect, males may need more doses of the COVID-19 vaccine
compared with females.

Vaccination in view of race difference

- Among those reported, the ethnic and racial distribution of thesample
was not always stated, and methods are different, which may affect the
results.

- Asian, Hispanic, and Black people are infected with COVID-19 more than
White ethnicity, with a possible relationship of higher risk of mortality and
intensive care unit (ICU) admission in Asians

COVID-19 vaccines and variants

RNA viruses such as the novel coronavirus are known for mutating and
evolving quickly.

RNA replication is more error-prone compared to DNA replication, so mu-
tations happen commonly during copying.

Sometimes the random mutation is beneficial

- for the virus, which helps it evade the host’s immune system and infect
new species or systems.

- A new variant of novel coronavirus emerged with a high number of mu-
tations.



The new variants

are B.1.1.7 (Alpha), B.1.351 (Beta), P.1(Gamma), B.1.617.2 (Delta), and C.37
(Lambda).

The new variants are spread more easily, lead to severe disease, and may
change the efficiency of COVID-19 vaccines

Very new variant is B1.1.529 in south Africa (1400.9.3/2022.Nov.24)

COVID-19 vaccines efficacy and immunity

No vaccine is 100% effective.

There’s no report so far that the COVID-19 vaccine can prevent transmis-
sion,
but it can help protect against COVID-19 infection.

None of the approved COVID-19 vaccines

- Contain the live virus that causes COVID-19.

- This means these vaccines cannot lead to COVID-19 infection. Generally
a few weeks after vaccination, the body builds immunity against COVID-19
infection.

Similar to other vaccines,

- COVID-19 vaccines can cause mild or moderate side effects within a few
days after injection.

- Some side effects such as: headache, muscle pain, fatigue, fever, diar-
rhea, and chills have been reported, and most have happened during the
first 48 h after vaccination
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Some people may show a severe allergic reac-
tion to the vaccines

- According to CDC report, 11.1 per million cases of vaccinated people
reported anaphylaxis in the USA.

If the subjects report a history of anaphylaxis with previous vaccines, they
are advised not to take the new vaccine.

- Polyethylene glycol (PEG) and PEG derivatives (e.g., polysorbates) are
probably responsible for anaphylaxis.

It has been recommended that before vaccina-
tion

people should notify the healthcare workers about any anaphylaxis they
may have had previously.

It has been proposed that all vaccinated cases remain at the vaccination
site for 30 min to detect any serious side effects.

It has been reported that

the AstraZeneca and Johnson & Johnson/Janssen vaccines may have a
possible link to a very rare side effect of unusual blood clots combined
with low levels of platelet levels

COVID-19 vaccines dose

- The Johnson & Johnson vaccine only requires one dose,

- while the Moderna, Pfizer-BioNTech, Oxford-AstraZeneca (in a 8—12 week
interval), Sputnik V (in a 3 week interval),

- Novavax (in a 3 week interval), Coronavac (in a 1 month interval) need
two doses.

- The CDC documented that while there’s no priority for one vaccine over
another, the vaccines aren’t interchangeable.



Mixing two different vaccines

can show long-lasting and strong immune responses when compared to
the single vaccine.

Scientists hope that mix-and-match COVID-19 vaccination regimens (e.g.
AstraZeneca and Pfizer) can trigger stronger, more robust immune re-
sponses than two doses of a single vaccine.

Mix-and-match COVID-19 vaccination is recognized by high levels of both
T cells and antibodies, which killinfected cells and support other antiviral
responses.

COVID-19 vaccines transport and storage

Most of the available vaccines should be stored and transported in refrig-
eration to freezing temperatures (e.g., the Pfizer vaccine at — 70 -C and
Oxford-AstraZeneca 2-8 -C).

Therefore, the storage and transport of mRNA vaccines is challenging.
Some new vaccines can be stored at — 15 to — 25 -C for up to 14 days12.

On the other hand, some other vaccines need ultra-cold storage (below
- 80 -C).

Proper preparation of lyophilized form is nec-
essary

- and powder should not be prepared until the administration.

- Liquid form loses its efficacy when kept at freezingtemperatures be-
cause slow freezing leads to great stress to the colloids and increased
aggregations.

- Cold chain technology is needed for the liquid form, which can be chal-
lenging for use in poor countries.Appropriate cold chain infrastructure
can prevent up to 25% vaccine loss in poor countries .
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COVID-19 vaccine distribution

Many people in poor and middle-income countries may not bereceiving
vaccines; therefore, equitable COVID-19 vaccine distribution is essential.

More than 700 million COVID-19 vaccines have beeninjected globally;
low-income countries received only 0.2%, while wealthy countries have
received more than 87%.

On average, 1 in more than 500 people in poor countries has received
COVID-19 vaccines, compared with 1 in 4 people in wealthy countries

COVID-19 vaccine for children and pregnant
women

- COVID-19 infection has been a more dangerous and severe disease
among older people.

- Because of the high risk of severe disease in the children,elderly, im-
munocompromised subjects, and pregnant women, the vaccination pro-
gramm should be conducted with care.

- COVID-19 vaccine teams need to follow-up pregnancies long-term to rec-
ognize effects on infants and pregnancy.

The mRNA vaccines (Pfizer-BioNTech and Mod-
erna)

- do not have the live coronavirus that leads to COVID-19 and, conse-
quently, cannot infect.

- Moreover, the mRNA vaccines do not interact with an individual’s DNA

or lead to genetic alterations since the mRNA does not enter the cell’s
nucleus.



Some vaccinated subjects

later exposed to the coronavirus still get COVID-19.

In this context, a fully vaccinated person should continue to wear a face
mask, maintain social distance, and follow health care recommendations.

Preliminary data from some countries showed
that

- The viral load was 4—fold lower among those fully vaccinated with an
effective vaccine.

- This finding suggests that viral transmission from fullyvaccinated peo-
ple is lower, as viral load has been recognized as the main factor for virus
transmission.

The viral vector vaccines (J&J/Janssen vac-
cine)

- can be administered to pregnant women in all trimesters of pregnancy
(like the Ebola vaccine).

- However, there are various types of COVID-19 vaccines, and our direct
knowledge is currently limited about their effects during pregnancy.

The efficacy and safety of COVID-19 vaccines

- in lactating women, the impact of COVID-19 vaccination on the breastfed
infant, and effects on milk excretion or production have not been deter-
mined.

- However, non-replicating COVID-19 vaccines pose no risk for lactating
women or their babies; hence lactating women may safely be vaccinate
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So far, SARS-CoV-2 has not been detected in
breast milk

- and there are no recognized cases of transmission of virus to the infant
through breast milk.

- However, infected women may select to breastfeed with protections to
prevent transmission of the virus through respiratory droplets.

- Some newborns have shown COVID-19 shortly after birth.
- It is unknown if these newborns got the virus after, during, or before birth

COVID-19 VACCINES

Proper preparation of lyophilized form is nec-
essary

- and powder should not be prepared until the administration.

- Liquid form loses its efficacy when kept at freezingtemperatures be-
cause slow freezing leads to great stress to the colloids and increased
aggregations.

- Cold chain technology is needed for the liquid form, which can be chal-
lenging for use in poor countries.Appropriate cold chain infrastructure
can prevent up to 25% vaccine loss in poor countries .

Moderna

- mRNA vaccine

- Shot in the muscle of upper arm

- Recommended for people aged 18 and older

- Most common side effects:

- In the arm: pain,swelling, redness

- Throughout the body: chills, tiredness, headache
- Moderna is 94.1 effective

- Allergic person don,t allowed



Pfizet - BioNtech

- mRNA

- 95% efficacy

- 2 shot, 21 day apart the upper arm

- Shot in the muscle

- Recommended for people aged 16 years and older
- Most common side effects:

- In the arm: pain, swelling, redness

- Throughout the body: chills. Tiredness, headache
- Allergic person don’t allowed

AstraZeneca

- Adenovirus vector vaccine

- Efficacy: 72 dose + complete dose =90%
- Intera muscular administration

- Vector: Titi monkey adenovirus ECC-201
- Antigen: The spike S1 protein

Sputnik V

- Gives around 92% protection
- Vector based vaccine
- It can be stored at tempratures of between 2 and 8C degree

- Sputnike jab uses two slightly different version of the vaccine for the first
and second dose-given 21 days apart

- Vectors: adenovirus 5 and 26
Sinopharm

- Has shown 86 % efficacy
- It is killed virus or inactive vaccine
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Sinovac

- Has 79.34% efficacy
- It is killed virus or inactive vaccine

Coviran Barkat Vaccine

An Inactivated COVID-19 Vaccine

Formulation and dose of injection

- Covlran Barkat vaccine includes 5 pg inactivated whole virus particle as
the immunogenic antigen and Alum adjuvant per each dose in the form of
a suspension in PBS.
- 0.5mL doses of the vaccine should be injected intramuscularly, twice
with a 28-day interval.

Formulation and dose of injection

- Covlran Barkat vaccine includes 5 pg inactivated whole virus particle as
the immunogenic antigen and Alum adjuvant per each dose in the form of
a suspension in PBS.
- 0.5mL doses of the vaccine should be injected intramuscularly, twice
with a 28-day interval.

- November 2021
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Viral Membrane

A mixture of antigens

-Maximum protection against possible mutations
-Use conserved areas

-Do not use areas that pose a problem for safety
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Omicron coronavirus very new variant

Mutation in:

RBD, NTD,

NSP6,

N

AND S1/S2 furine cleavage site
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Hand hygiene

Clean all surfaces of hands and wrists Cover torso and wrap around back,
fasten in back of neck and waist

Surgical/procedure mask 4

Secure ties at middle of head and neck, Place goggles or face shield over
fit nose band to your nose and pull bottom face and eyes and adjust to fit
down to completely cover chin

Extend to cover wrist of gown

covida 19Y;

\ a The Comprehensive
v National Congress On Covid 19




More pieces and layers of PPE

doesn’t mean more protection

Wearing extra PPE may affect the fit and
complicates the doffing process which may
increase the risk of self-contamination.

Evidence-based guidance from international experts* does NOT recommend double gloving, using
double or combinations of masks/respirators, head, neck or shoe covers for COVID-19 protection.

2 Perform
Hand Hygiene

%

Clean all surfaces {
of hands and wrists. AR
ari i) i
Unfasten ties, pull gown away from neck and shoulders,
touching ONLY the inside of the gown. Turn gown inside out
and roll into a bundile. Place in soiled laundry hamper
(if reusable) or in regular waste bin (if disposable).

The outside of gloves are contaminated.
Grasp palm area of one gloved hand and peel off
first glove. Slide fingers of hand under other glove at
wrist and peel off. Discard in regular waste bin.

i Perform 5 | Goggles or Face Shield 6 R

Hand Hygiene — Hand Hygiene
=g

-~ X

Clean all surfaces
of hands and wrists.

Clean all surfaces
o of hands and wrists.
Ifyou are NOT 2 meters away

from the patient, exit room

now, perform hand hygiene, Do NOT touch the front of the eye wear. Place in receptacle for
and finish the remaining steps. reprocessing (if reusable) or in regular waste bin (if disposable).

8 Perform 9 ExitRoom
Hand Hygiene

= IT
- 5 s »IL o
Clean all surfaces
of hands and wrists. Exit room and
perform hand hygiene.

Grasp ties or elastics at back and remove WITHOUT touching the front.
Place in receptacle for reprocessing or in regular waste bin.

7 Surgical or Procedure Mask
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The outside of gloves are contaminated.

Grasp palm area of one gloved hand and peel off
first glove. Slide fingers of hand under other glove at
wrist and peel off. Discard in regular waste bin.

4 Perform
Hand Hygiene

%

Clean all surfaces
of hands and wrists.

Perform
Hand Hygiene
%

Clean all surfaces
of hands and wrists.

Exit Room

I

-

o

U

Exit room and perform
hand hygiene.

NO5 Respirator

Hand Hygiene

Clean all surfaces
of hands and wrists.

Perform

Unfasten ties, pull gown away from neck and shoulders,
touching ONLY the inside of the gown. Turn gown inside out
and roll into a bundle. Place in soiled laundry hamper
(if reusable) or in regular waste bin (if disposable).

6 Goggles or Face Shield

Do NOT touch the front of the eye wear. Place in receptacle for
reprocessing (if reusable) or in regular waste bin (if disposable).

9

Perform
Hand Hygiene

Clean all surfaces
of hands and wrists.

Grasp ties or elastics at back and remove WITHOUT touching the front.
Place in receptacle for reprocessing or in regular waste bin if soiled or broken,

Nasopharyngeal
Swab Specimen

Collection

& How to pesform a nasopharyngeal swab
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Saline Gargle Specimen Collection

- Saline (salt water) gargle is an approved alternative to NP swab collec-
tion for outpatients who are able to follow instructions on how to swish,
gargle and spit a small amount of saline

- Most people 5 years of age and older are able to provide a saline gargle
sample with some guidance

-Ensure that the individual has not eaten, had anything to drink, smoked,
used a vape, chewed gum or brushed their teeth for one hour before sam-
ple collection




Specimens for COVID-

19 testing [4, 18, 19]

Transport Storage
Types of specimens Collection devices conditions conditions Comments
Upper respiratory tract Dacron or flocked 4°C Within 5
specimens: NP swab swabs in VIM days: 4°C
A
OP swab . and NI Longer than 5
aspirate days: —70°C
Lower respiratory tract Sterile container 4°C Within 48 hr:
*
specimen: sputum 4°C
Longer than
48 hr: —70°C
Lower respiratory tract Sterile container 4°C Within 48 hr:  Pathogens might be diluted;
specimen: bronchial 4°C however. the specimen can
*
washing Longer than be subjected to diagnostic
48 hr: 70°C  testing
Lower respiratory tract Sterile container 4°C Within 48 hr:
specimens: tracheal 4°C
aspirate and transtracheal Longer than
aspirate 48 hr: 70°C
Lower respiratory tract Sterile container with 4°C Within 48 hr:
specimen: lung biopsy saline 4°C
Longer than
48 hu: —70°C
Transport Storage
Types of specimens Collection devices conditions conditions Comments
Upper respiratory tract specimens: NP Dacron or flocked swabs in VIM 4C Within 5 days:
swab—, OP swab—, and NP aspirate 4°C
Longer than 5
days: ~70°C
Lower respiratory tract specimen: sputunr~ Sterile container 4°C Within 48 hr: 4°C
Longer than 48
hr: -70°C
Lower respiratory tract specimen: Sterile container 4C Within 48 hr: 4°C  Pathogens might be diluted; however, the
bronchial washing~ Longerthan 48 specimen can be subjected to diagnostic testing
hr: =70°C
Lower respiratory tract specimens: tracheal  Sterile container 4°C Within 48 hr: 4°C
aspirate and transtracheal aspirate Longer than 48
hr: ~70°C
Lower respiratory tract specimen: lung ~ Sterile container with saline 4 Within 48 hr: 4°C

biopsy Longer than 48
hr: =70°C
Serum™ Serum separation test tube (SST): adults ~ 4°C Within 5 days:  For serological tests. a pair of specimens is

and children, 3-5 mL; infants, 1 mL

4°C collected
Longerthan5  Acute phase: within 7 days of symptom onset
days: =70°C Convalescent period: 14 days after collection
during acute phase

Dispensing of serum into another container

should be conducted in a Class IT or higher BSC
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Types of COVID-19 Related Tests

Q) Diagnostic (viral) Tests
v NAATSs tests
v  Antigen tests

O Serology/Antibody and Other Adaptive Immune
Response Tests

v Detect antibodies (for example, IgM, IgG) to the
SARS-CoV-2 virus

O Tests for Management of COVID-19 Patients

Nucleic Acid Amplification Tests(NAATSs)

High-sensitivity, high-specificity tests for diagnosing SARS-CoV-2 infec-
tion
Detect one or more viral ribonucleic acid (RNA) genes

The main gene targets include the nucleocapsid(N),envelope(E),spike(S),R-
NA dependent RNA polymerase (RARP) and open reading frame 1ab (OR-
F1ab) genes

SARS-CoV-2 Structure

e Spike [51852)
Nucleocapsid (N}
Membrane (M)
Envelope (€]

ssRNA [+sense, “30Kkb in length)
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Gene Targets in Different Products

- China (ORF1ab and N genes)

- Germany (RdRP, E and N genes)

- United States(three targets in N gene)

- France(two targets in RdRP)

- Thailand (N gene)

- Japan (pancorona and multiple targets, spike protein)
- Iran (N and RdRp)

Table 1

Target genes of various real-time RT-PCR protocols (including the reagents approved for
emergency use in Korea as of March 13, 2020) [5-9]

Authors, manufacturers Target gene Reference
Corman, ef al. E, RdRp [6]

Chu, et al. orflb, N [5]

Ministry of Public Health, Thailand N [7]

Institut Pasteur E, RdRp [8]

Centers for Disease Control and Prevention (USA) N [9]
PowerCheck 2019—nCoV* (Kogene biotech, Seoul, Korea)  E, RdRp http://www.kogene.co.kr
Allplex 2019-11(’0\/* (Seegene, Seoul, Korea) E, RdRp, N http://www.seegene.com
nCoV Real-Time Deteclion* (SD biosensors, Suwon, Korea) E, RdRp http://sdbiosensor.com
DiaPlexQ 2019-nCoV*+ (Solgent, Daejeon, Korea) orfla, N http://www.solgent.com/
Real-Q 2019~nCOV* (BioSewoom, Seoul, Korea) E, RdRp https:/biosewoom.com

"authorized for emergency use in Korea, as of Mar 13, 2020:
"The correct positions of the targets were not provided by the manufacturer.

Gene Targets in Different Products

- Assays for molecular diagnosis should employ a minimum of two gene
targets

- While individual gene targets (namely, the S gene) in an assay may be
falsely negative due to the presence of substitutions or deletions, the as-
say’s overall sensitivity may remain unaffected
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VoY

SARS-CoV-2
(Wuhan.Cov) T—R

16645------- 16757 22968------ 23074 28626-------" 28745
RdRp, 113bp s protein, 107bp N protein, 120bp
CAT# HP234774 CAT# HP234776 CAT# HP234775
CATH# HK212669 CAT# HK212671 CAT# HK212670

Throughput and Turnaround Times for NAATs

- Many NAATSs require off-board nucleic
acid extraction

- Some assays can return results in as
few as 5-10 minutes, although more
commonly the turnaround time is an
hour or more

- Assays that require external nucleic
acid extraction will be inherently slower

NAAT Laboratory Result

- All current SARS-CoV-2 RT-PCR assays with EUA approval are labeled
only for the qualitative detection and are not approved for quantitative
measurement

- While the Ct value can be reduced by increasing the amount of gene
target in the sample, it can be influenced by many other factors as well,
including the quality of the specimen collection technique, sample type
(eg, NP sample vs saliva), gene target, and assay

NAATs as a Confirmatory Test

- Because laboratory-based NAATs are considered the most sensitive



tests for detecting SARS-CoV-2, they can also be used to confirm the re-
sults of lower sensitivity tests

- CDC recommends collecting and testing an upper respiratory specimen,
such as nasopharyngeal, nasal mid-turbinate, or anterior nasal, when us-
ing NAATs for confirmatory testing

Vaccination & Viral Tests

Prior receipt of a COVID-19 vaccine should not affect the results of SARS-
CoV-2 viral tests (nucleic acid amplification tests or antigen)

Viral Antigen Detection

- These are typically lateral-flow im-
munoassays intended for the qualita-
tive detection of nucleocapsid protein
antigen directly from NP and/or nasal
swabs

- The presence of such antigen im-
plies current SARS-CoV-2 infection

- Antigen tests generally have similar
specificity, but are less sensitive than
most NAATs

- It is best to perform this type of test-
ing in the early stages of infection,
when the viral load is generally high-
est
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- Antigen levels in specimens collected beyond 5-7 days post symptom
onset may drop below the assay’s detection limit

- Although antigen detection tests are simple, easy to perform, and fairly
inexpensive, one of the major concerns associated with their use is the
lack of analytic and clinical sensitivity compared with RNA detection tests

- A meta-analysis of four commercially available antigen tests available
outside of the United States showed that the average sensitivity was
56.2%

- In a study using HCP-collected nasal swabs in two EUA antigen tests
compared with RT-PCR, one of the tests displayed a positive percent
agreement (PPA) of 82.4% and a negative percent agreement (NPA) of
99.5%, in adult patients with onset of symptoms less than 7 days prior to

collection

Intended Use

Analyte Detected

Specimen Type(s)

Sensitivity

Specificity

Test Complexity

Authorized for Use at the
Point-of-Care

Turnaround Time

Cost/TestA

NAATSs

Detect currentinfection

Viral Ribonucleic Acid (RNA)

Nasal, Nasopharyngeal,
Oropharyngeal, Sputum,
Saliva

Varies by test, but generally
high for laboratory-based
tests and moderate-to-high
for POC tests

High

Varies by test

Most are not, some are

Most 1-3 days. Some could
be rapid in 15 minutes

Moderate (~$75-$100/test)

Antigen Tests

Detect currentinfection
Viral Antigens

Nasal, Nasopharyngeal

Varies depending on the
course of infection, but
generally moderate-to-high
at times of peak viral load*

High
Relatively easy to use

Most are, some are not

Ranges from 15 minutes to
30 minutes

Low (~$5-$50/test)



Symptomatic Asymptomaticand Asymptomaticand

Close Contact with COVID-191 No Known Exposure?
Antigen (+) Antigen (-}
v Antigen (+)* Antigen (-} Antigen (+) Antigen (-)¢
Confirm by NAAT v v
NAAT (+) NAAT() Confirm by NAAT? Confirm by NAAT?
v NAAT(+) | NAAT() NAT(H)  NAAT()

Known Contact?® ‘

Yes No ‘

o No current evidence Not Infected with
Infected with SARS-CoV-2°
€ of infection™® SARS-CoV-2

1Single, multiple, or continuous known exposure to a person with COVID-19 within the last 14 days; perform NAAT first if short turnaround time is
available, if person cannot be effectively and safely quarantined, or if there are barriers to possible confirmatory testing.

2No known exposure to a person with COVID-19 within the last 14 days.

3f a symptomatic person has a low likelihood of SARS-CoV-2 infection, dlinical discretion should determine if this negative antigen test result requires
confirmatory testing.

“4In instances of higher pretest probability, such as high incidence of incidence of infection in the community, clinical discretion should determine if
this positive antigen result requires confirmation.

5 In certain settings, serial antigen testing could be considered for those with a negative antigen test result; serial testing may not require confirmation
of negative results. The role of a negative antigen test result in ending quarantine depends upon when it s performed in the quarantine period. See
(DC’s Options to Reduce Quarantine for guidance on use of antigen testing for this purpose and when a negative antigen test result indicates not
infected with SARS-CoV-2.

6 |f prevalence of infection is not low in the community, clinical discretion should consider whether this negative antigen result requires confirmation.
7 Nucleic acid amplification test; confirm within 48 hours using a NAAT, such as RT-PCR, that has been evaluated against FDA's reference panel for
analytical sensitivity.

#Known exposure to a person with COVID-19 within the last 14 days; if unsure, clinical discretion should determine whether isolation is necessary.

9 [solation is necessary. See CDC's guidance for Isolation.

0 Quarantine is necessary. See (DC's guidance for Quarantine; clinical discretion should determine if and when additional testing is necessary.

Antibody Detection

- Antibody detection tests have limited utility in the diagnosis of acute
infection

- However, the use of antibody tests is viable as an aid to the diagnosis of
COVID-19

- Seroconversion occurs by 2 weeks after the onset of symptoms

- Almost all patients have detectable levels of antibodies by day 28 post
symptom onset

- Studies involving hospitalized patients showed the presence of all iso-
types of anti-SARS-CoV-2—specific antibodies, including immunoglobulin
M (IgM), IgA, and IgG
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Types of antibody detection tests

Two antigens have been used as antigenic targets for the development of

antibody detection assays:
- Spike (S)
- Nucleocapsid (N) proteins

Substrate
Enzyme (

Substrate

Secundary antibody
conjugate

¢
CSHTL‘;Z;‘!“ o

Enzyme

J A

[l capture antibody

Direct ELISA Indirect ELISA

Antibody Tests for SARS-CoV-2

Sandwich ELISA

- Can possibly be used diagnostically

- Contact tracing

- Serologic surveillance (Seroprevalence)

- Identification of those who have already had the virus (Protective Immu-
nity)

- Identification of sources for therapeutic or prophylactic neutralizing an-

tibodies

Emergency Use Authorizations for
COVID-19 Serology Tests

Roche

Test: Elecsys Anti-SARS-CoV-2
Technology: High Throughput ECLIA
Target: Nucleocapsid

95%

EUROIMMUN

Test: SARS-COV-2 ELISA (IgG)

Technology: ELISA
Target: Spike

000

) Performance Estimate of = Confidence Performance Estimate of ~Confidence
Antibody Measure Performance Interval Antibody Measure Performance Interval
Pan-Ig Sensitivity 100% (88.3%; 1gG Sensitivity 90.0% (74.4%;

(PPA) (29/29) 100%) (27/30) 96.5%)
Pan-Ig Specificity ~ 99.8% (99.7%; 1gG Specificity  100% (95.4%;
(NPA) (5262/5272) 99.9%) (80/80) 100%) i
Pan-Ig PPV at 96.5% (93.9%; 86 PUeR S (46.0%;
prevalence = 98.1%) p:evalence - 100%)
5% 5%
Pan-Ig NPV at 100% (99.4%; lgG NPV at 99.5% (98.6%;
prevalence = 100%) prevalence = 99.8%)

5%

5%



Calculator for Positive Predictive Value (PPV) and Negative Predictive Value (NPV) for individual tests and combined

‘Prevalence ‘ 5.0%‘
Test 1 Test 1
%Pos1 PPV1 for %Neg1 NPV1 for
Sen1 Sp1 (Test1=pos) (Test1=pos) (Test1=neq) (Test1=neq)
97.0%| 93.2% 11.3% 42.9% 88.7% 99.8%
Test2 Test 2
%Pos2 PPV2 for %Neg2 NPV2 for
Sen2  |Sp2 (Test2=pos) (Test2=pos) | |(Test2=negq) (Test2=neq)
88.0% 96.0%‘ 8.2% 53.7% 91.8% 99.3%
Combined
%Pos PPV for %Discordant NPV for
(Test1=pos, (Test1=pos, (Test1=pos, (Test1=pos, %Neg NPV for
Test2=pos) Test2=pos) | |Test2=neq) Test2=neq) (Test1=neg) |(Test1=negq)
4.5% 94.3% 6.8% 91.4% 88.7% 99.8%

Vaccination & Antibody Testing

- Antibody testing is not currently rec-
ommended to assess the need for vac-
cination in an unvaccinated person or
to assess for immunity to SARS-CoV-2
following COVID-19 vaccination

Tests for Management of COVID-19 Patients

Table 1: Main characteristics of the included studies.

Characteristics Zhang etal. [7] Huang etal. (8] Chen etal. [9] Xu etal. [10] Livetal. [11] Wang etal. [12] Chen etal. [13] Chen etal. [14]
Location Wuhan, China Wuhan, China Wuhan, China Zhejiang, Shenzhen, Shenzhen, Wuhan, China Wuhan, China
China China China
No. cases 140 41(13 severe) 9917 severe) 62(1 severe) 12 (6 severe) 34 children (no 29 cases 9 pregnant
(58 severe) severe) (14 severe)
Age 57 years 49 years 56 years 41 years 54 years 8years 56 years 30years
(median) (median) (mean) (median) (mean) (median) (median) (mean)
Women, % 49% 27% 32% 4% 33% 59% 28% 100%
Setting Hospitalized Hospitalized Hospitalized Hospitalized Hospitalized Hospitalized Hospitalized Hospitalized
patients patients patients patients patients patients patients patients
Laboratory data
Leukocytes T12%; 420% 130%; 425% T24%; 19% T2%: 131% 8% T15% T21%: 421% 122%
Neutrophils N/R N/R 38% N/R T17% T15% N/R N/R
Lymphocytes 175% l63% L35 T58%; La2% Lsse 3% Lese Ls6%
Eosinophils 153% N/R N/R N/R N/R N/R N/R N/R
Platelets N/R 1% N/R 1% l8% N/R l17% N/R
Hemoglobin N/R N/R 150% N/R N/R N/R La1% N/R
CRP To1% N/R T86% N/R T83% 3% T93% 175%
Procalcitonin 35% T8% T6% T11% 8% 3% To% N/R
N/R N/R T85% N/R N/R T15% N/R N/R
Albumin N/R N/R Logo N/R 150% N/R 152% N/R
AT N/R N/R 128% NR T17% N/R T17% 133%
AST N/R T37% 135% T16% 18% N/R 124% T33%
Bilirubin N/R NR T18% NR To% N/R 3% N/R
Creatinine N/R T10% 13% 5% T17% N/R 7% NR
< 7% 133% T13% N/R T17% N/R N/R N/R
LDH N/R 173% 176% T27% 192% 129% T69% N/R
Myoglobin N/R N/R T15% N/R T17% N/R N/R N/R
Cardiac N/R T12% N/R N/R 8% N/R N/R N/R
troponins
Ferritin N/R N/R T63% N/R N/R N/R N/R N/R
Glucose, N/R N/R T52% N/R N/R N/R N/R N/R
D-dimer 143% N/R 136% N/R N/R T9% N/R N/R
Laboratory data are reported as percent of patients with abnormalities defined according to the local AL, T, aspartat

CK, creatine kinase; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; LDH, lactate dehydrogenase; N/R, not (clearly) reported.
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- Rhinoorbitocerebral Mucormycosis in Covid19

Covid19 complications

Respiratory and gastrointestinal symptoms are accompanied by short- and

long-term neuropsychiatric symptoms (NPs) and long-term brain sequelae.

Covid-19 in vascular structures

- Miceothrombosis - Endothelial activation
- Microangiopathy, - Vasculitis
- Extensive angiogenesis

A |:SARS-CoV-2 entry into brain capillary
endothelial cells Endothelial - =
73 3 damage rothromb: al
__2 »Increased vWF
—| > Fibrin deposition
| » Platelet activation
B s

D | Altered neurotr:
and neuronal da

Excitotoxicity

= = o -
. Cylamnmwm — G LD
i IL-16  IL-10 ———} Lccamncmgl:a activation )
| -6 ThF-a ) “LF ¥ .

Increased kynurenine produmun

Increased quinolinic acid
»Increased glutamate
» Uprequlation of NMDA receptors
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Covid-19 and stroke

Stroke was demonstrated to be an infrequent, albeit potentially life-threatening,
complication of COVID-19, affecting approximately 1-3 % of hospitalized pa-
tients, and up to 6 % of those in the ICU

Covid19 complications

Some patients present with anosmia, cognitive and attention deficits ,
new-onset anxiety, depression, psychosis, seizures, and even suicidal
behavior.

Covid-19 and stroke

- Ischemic stroke
- Microhemorrhage
- Hypersignal areas in temporal lobes with different enhancement




Axial susceptibility-weighted
images in a 57-year-old man
with abnormal wakefulness af-
ter sedation show extensive
and isolated white matter mi-
crohemorrhages mainly affect-
ing the, cerebellar peduncles,
subcortical white matter, inter-
nal capsule, and, corpus callo-
sum.

Gene Targets in Different Products

- Assays for molecular diagnosis should employ a minimum of two gene
targets

- While individual gene targets (namely, the S gene) in an assay may be
falsely negative due to the presence of substitutions or deletions, the as-
say’s overall sensitivity may remain unaffected

Mucor mycosis

- Radiologists must have a high index of suspicion for early diagno-
sis. IFRS is a fulminant condition that can lead to devastating blindness,
stroke, and death as early as 48 h after presentation. Early diagnosis
prompts immediate institution of antifungal therapy that limits morbidity
and mortality.

- Assessment of disease extent by imaging is crucial for planning extent
of surgical debridement.

- Complete debridement of necrotic tissue improves survival.

Mucor mycosis

Black turbinate sign. Coronal contrast-enhanced, fat-saturated T1 and
T2-STIR image show a left inferior turbinate , with lack of enhancement
and relatively low T2 signal.

A 72-year-old, diabetic man with left facial pain and nasal stuffiness. Treat-
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ed for COVID-19 with injectable corticosteroids and invasive ventilation.
Duration between RT-PCR positivity and first maxillofacial imaging was 16
days. Patient died 12 days after first imaging from mucormycosis-related
complications.
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Coronal T1-weighted FSPC
image shows enhancement
of the bilateral olfactory
bulbs along with intracrani-
al extension on the left side
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Post covid hemoptysis



Haemoptysis is the expectoration of blood or blood-tinged sputum from
the respiratory tract.

It is considered life-threatening when it causes clinical consequences
such as respiratory failure from airway obstruction, as in this case, or
hypotension

- bronchiectasis

- Coagulation disorders,

- pulmonary embolism

- post-tuberculosis sequelae

- Idiopathic bleedings

- Malignancies

- vasculitis,

- arteriovenous malformations

Haemoptysis is rarely reported as a symptom of COVID- 19.

In a large case series including 1099 hospitalised patients with laborato-
ry confirmed COVID-19 in China, haemoptysis occurred in ten patients
(0.9%)

Fu and colleagues on the other hand performed a systematic review and
meta-analysis of the clinical characteristics of COVID-19 involving 43
studies and showed a prevalence of 2%

Other infectious diseases have been linked with alveolar haemorrhage in
immunocompetent patients including

- Influenza A (H1N1) - Dengue, malaria
- Staphylococcus aureus infection - Leptospirosis

mortality of COVID 19 patients: A
systematic review and
meta analysis

+Risk factors for predicting |I

Among the common symptoms of COVID-19 infections, fatigue
expectoration, hemoptysis, dyspnea and chest tightness were
independent predictors of death
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Case Report
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Hemoptysis and Hematuria as the Initial Symptoms of
COVID-19: a Case Report

Rama Bozorgmehr ', Zohreh Tajabadi * Since SARS-CoV-2 virus emerging in winter 2019 in Wuhan, Hubei, China,
COVID-19 has spread among different countries. The novel corona virus has
" Clinical Ressearch Development Unit, Shohadaye affected more than 15,000,000 people all around the world. Becoming

Tajrish Hospital, Shahid Beheshti University of Medical
Sciences, Tehran, Iran, 2 Student Research Committee,
School of Medicine, Shahid Beheshti University of
Medical Sciences, Tehran, Iran.

pandemic, COVID-19 is a major concern for both people and health systems.
Novel corona virus affects multiple organs such as lungs and kidneys which
can lead to acute respiratory distress syndrome and acute kidney injury (AKI)
ending to death. Furthermore, patients with COVID-19 may present different

Received: 5 October 2020 atypical symptoms making the diagnoses more complicated. The current

Accepted: 18 December 2020 patient presented to the emergency department with a 7-day history of

hemoptysis and hematuria which are among the less common symptoms
CGorrespondence to: Tajabadi Z among patients infected with SARS-CoV-2 virus. In addition to delayed
Address: School of Medicine, Shahid Beheshti diagnosis, atypical symptoms and signs make management and treatment more
University of Medical Sciences, Tehran, Iran difficult. Awareness of new, atypical symptoms and the effective treatment is
Email address: zohre.tajabadi@sbmu.ac.ir associated with better outcome and prognosis.
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Post-COVID-19 Massive Hemoptysis and Gastrointestinal Bleeding: A

Case Report

Gholamreza Soleimani®"", Saeedeh Yaghoubi ©2 and Elham Shafighi Shahri?
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Abstract

Introduction: COVID49 is a new respiratory infection caused by the coronavirus, which the World Health Organization (WHO)
declared as a global epidemic in 2019. All the information obtained about thisviruswas different in children than in adults.

Case Presentation: The case investigated in this study was a 10-year-old boy with hemoptysis and gastrointestinal (GI) bleeding in
his post-COVID9 recovery phase.

Conclusions: COVID-19 can have a variety of presentations and complications beyond the classic respiratory symptoms and fever.
This case is important and shows how COVID-19 can be life-threatening.

Keywords: COVID-19, Hemoptysis, Gastrointestinal Bleeding, Case Report

The case of a child with post-COVID-19 hemoptysis and
Gl bleeding shows the life-threatening effects of the COVID-
19 virus
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DDX of hemoptysis in
covid

- Pulmonary thromboembolism

- Pulmonary mycosis

- Malinancy

- Exacerbation of pre-existing chron-
ic bronchitis

- Pulmonary tuberculosis

- pneumonia

COVID-19 was described as causing a proinflammatory and hypercoagu-
lable state with increased levels of lactate dehydrogenase (LDH), ferritin,
CRP, D-dimer, and interleukin . Venous thromboembolism (VTE) may also
accompany COVID-19 infection because of hypercoagulability . Hemopty-
sis may be an initial symptom of VTE

smoking may be related to admitting with hemoptysis symptoms in covid
19. It is known that cigarette smoke damages the alveolar epithelial cells
because of oxidative stress, increases epithelial cell death, and decreases
lung repair process

- A cavity is defined as an air-filled area of the lung in the center of
consolidation, mass or nodule. Cavities are present in a wide variety of
infectious and non-infectious processes as a result of liquefaction of the
necrotic portion of the lesion and the discharge of this necrotic material
via the bronchial tree. It is uncommon for COVID-19 and other viral
pneumonia infections to cause pulmonary cavitation.
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A noteworthy finding is an un-
precedented rise in the number
of cases of the morbid fungal
disease mucormycosis, which
is now increasingly being asso-
ciated with

COVID-19.

Mucormycosis has a global incidence varying from 0.005 to 1.7 per mil-
lion population. In India, however, the prevalence is estimated to be 140
per million, which is 80 times higher than the developed countries.

Individuals who have decreased immunity are specifically at high risk of
being affected by this life-threatening opportunistic infection.

The susceptible groups are post-COVID recovered, immunosuppressed,
those on long-term corticosteroids, chemotherapy, and iron chelation
therapy.



Individuals with uncontrolled hyperglycemia irrespective of the diagnosis
of diabetes mellitus, unchecked iron overload states, transplant, malig-
nancy, burns, neutropenia, monocytopenia, tuberculosis, HIV, and chron-
ic kidney disease are highly vulnerable

ROCM is followed by cutaneous, pulmonary, gastrointestinal, and dissemi-
nated disease . Pulmonary mucormycosis accounts for 10% of the cases .

COVID-19 can worsen or even precipitate diabetes mellitus by causing gly-
cemic abnormalities that can persist even up to two months after recovery.

Severe COVID-19 and diabetic ketoacidosis are implicated in causing ele-
vated ferritin and serum iron levels causing free radical damage .

Acidosis has also been involved in impairing phagocyte function.

Inflammatory leukocytes in vessel walls with reactive damage to mural
structures define the vasculitides. Bleeding and downstream tissue isch-
emia leading to necrosis present in the disease are caused by loss of vessel
integrity and lumen compromise respectively

Cystic structures that meet the definition of pneumatoceles have been de-
scribed during COVID-19 pneumonia,although their natural history is un-
known.

< ] = emjreviews.com g e & a

Massive Aveoiar Haemorrhage Presenting During - Google Search Favortes itps://omi emg-hesit.comwp-content/upioad.
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9 0CTOBER 202
Abstract Interview: Andres Floto
The coronavirus disease (COVID-19) pandemic has challenged healthcare systems and has @ emms
resulted in complex diagnostic processes for patients with non-COVID-19 pathology. Here, we

demonstrate a case of massive alveolar ge secondary to

antibody-positive vasculitis, presented to a district general hospital in the UK during the first

wave of the global pandemic. This case highlights some of the difficulties clinicians may face

when diagnosing life-threatening antineutrophil cytoplasmic antibody-positive vasculitis

amidst the COVID-19 pandemic. The authors place emphasis on the careful interpretation of

chemical biomarkers such as troponin and D-dimer when assessing patients with acute

respiratory distress. They also aim to highlight the importance of CT thorax imaging when

seeking an alternate diagnosis to COVID-19.
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Post covid ANCA

associated vasculitis

Post-Covid-19 Complications: Hemoptysis in a Middle-Aged Man

K. D. Patel!, D. Morris2, A. lardino?; 1Department of Internal Medicine, University of Nevada Las Vegas- School of
Medicine, Las Vegas, NV, United States, 2Un‘r\.uars‘rty' of Nevada Las Vegas- School of Medicine, Las Vegas, NV,

United States, 3De|:|artrnent of Internal Medicine, Division of Pulmonary and Critical Care Medicine, University of
Nevada - Las Vegas, Las Vegas, NV, United States.

Introduction: Sars-Cov-2 infection has been found te present differently in many patients. Patients have been
found to have different degrees of response, likely having to do with variable levels of infllmmation within the
body. Patients who have recovered from the initial infection can develop long-term symptomatology and chronic
conditions. Today, we will describe a unigue case of a middle aged-healthy man who developed complications of
ANCA-associated vasculitis after recovering from a mild COVID-19 infection. Case: A 51-year-old Hispanic male
with no previous past medical history presented to the ED with productive sputum and hemoptysis. The patient
had previously tested positive for COVID-19 one month prior, but did not require hospitalization. Physical exam
findings were significant for diffuse, bilateral lower extremity palpable purpura. Initial workup was significant for
CT Chest findings of diffuse patchy consolidations throughout both lungs with cavitary lesions. Additionally, the
patient was found to have an acute kidney injury, with Cr 5.80 and GFR less than 10. UA revealed many red
blood cells, +1 protein. Nephrology was consulted, started the patient on hemodialysis, and began workup for
suspected acute glomerulonephritis (GN). Pulmonology was consulted and began workup for pulmonary renal
syndrome in the setting of acute kidney injury with pulmonary disease.Infectious workup results included; a now
negative COVID-19, negative Tuberculosis PCR, Respiratory culture revealing yeast. Additional workup revealed;
CRP of greater than 200, D-Dimer of 6.41, Fibrinogen of 561. Notably, the patient had decreased complement
C3 and C4 levels, negative Anti-GBM antibody, negative Anti-streptolysin O, positive ANCA assay, positive
Proteinase antibody, and mildly positive Myeloperoxidase antibody.The patient was subsequently scheduled for
renal biopsy to obtain a definitive diagnosis, but this was delayed due to increased INR. The patient’s respiratory
status worsened during hemodialysis. CTA at that time revealed markedly increased pulmonary infiltrates. The
decision was made to intubate the patient, upon which active frank red bleeding arising from the trachea was
noted. Shortly after intubation, the patient continued to hemorrhage and sustained 2 cardiac arrests;
unfortunately, the patient expired. Discussion: This case is significant because it highlights a unique complication
of COVID-19 leading to a possible ANCA-associated vasculitis. Much is to be learned from the Novel Sars-COV-2
virus and suspected complications and this case highlights the importance of keeping a broad differential when
treating patients who have recovered from initial infection.

microangiopathy

In a study by Magroet al. on 5 patients with COVID-19 and respiratory ail-
ure, lung and skin tissues were examined, and no viral cytopathic change
or diffuse alveolar damage was observed n COVID-19 pneumonitis, but a
capillary lesion by neutrophils. These pulmonary findings were found in
small vessels with significant deposits of the complement components
of C5b-9 (membrane attack complex), C4d, and lectin-dependent serine
proteinase (MBL).

Similarly, a thrombogenic vasculopathy with inflammation of the pauci,
with C5b-9 and C4d depositions, severely involved skin and showed a
normal appearance

- A key distinguishing feature between ANCA-positive vasculitis and
COVID-19 infection is the presence of haemoptysis. The literature sug-
gests that haemoptysis is uncommon in COVID-19 and has a symptom
prevalence of 2%.

- Therefore, the presence of haemoptysis is likely to indicate an alternate
respiratory pathology rather than COVID-19 infection.
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four structural proteins:

S — spikes on the outside; mediates receptor binding
M — membrane protein; assists viral assembly

N — nucleocapsid protein; regulation of viral RNA synthesis, may interact with
M protein during virus budding

E — small envelope protein; function necessary but not fully understood

Nucleocapsid protein (N) — Membrane
__ glycoprotein (M)
o

Spike
protein (S)

Envelope
protein (E)

19 39S (592 p3lle
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Don’t forget other LRIs:

Viral Pneumonia: Influenza (A/B), Adenovirus, Parainfluenza (Type 1-4), Respi-
ratory syncytial virus, Human metapneumovirus, NL63

Typical bacteria CAP: Lobar — Streptococcus pneumoniae, Staphylococcus
aureus, Haemophilus influenzae, Moraxella catarrhalis; Gram neg, anaerobic
if aspiration

Bacterial bronchitis or atypical CAP: Bordetella pertussis, Mycoplasma pneu-
moniae, and Chlamydia pneumoniae 32995 glad &}
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ACE-2 Receptors R

r’._—-—--
- Type 2 alveolar cells - highest /_
- Bronchial epithelia SARS Virs \ A

- Tongue > buccal epithelia

- Upper Intestinal epithelia o ;;‘;,;;D',;;;
- Myocardial cells

- Kidney proximal tubule cells

- Bladder urothelial cells

Soliible ACE-2

(ERT.

‘) . B ¥
o a
Transmembrane——",
MCE-2 & infection

Sl plaslw

XX

= Week 1: Fever (77-98%) (intermittent or persistent), Fatigue/Malaise (11-52%),
Dry cough (46-82%), dyspnea (3-31%);

Less common: Sputum (33%), Myalgia (15%), Headache (13%), Sore throat (14%),
Diarrhea (4%), Nausea/Vomiting (5%), Nasal congestion (4%), Hemoptysis (1%)

- Week 2 (~ day 6-9 of symptoms): ~ 15-20% develop severe dyspnea due to
viral pneumonia

Hospitalization, supportive care, oxygen

- Week 2-3: Of hospitalized patients, 1/3 ultimately need ICU care, with up to half
needing intubation (i.e. ~5% of total diagnosed cases need ICU)

Can rapidly decline (over 12-24 hrs) from mild hypoxia to frank ARDS
Cytokine Storm, Multi-organ failure
Late stage sudden cardiomyopathy/viral myocarditis, cardiac shock

jusyhi> Jolge

-Age -HTN

- Diabetes - Coronary Heart Disease
-Hep B - Cerebrovascular Disease
-COPD - Cancer

- Children and pregnant women seem to do okay
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International Immunopharmacology 98 (2021) 107894

Contents lists available at ScienceDirect

International Immunopharmacology

journal homepage: www.elsevier.com/locate/intimp

i@

The risk factors and related hospitalizations for cases with positive and
negative COVID-19 tests: A case-control study

Mostafa Ghanei “ , Hossein Keyvani", Aliakbar Haghdoost , Hassan Abolghasemi ad,
Ghasem Janbabaei °, Hamdi Reza Jamshidi', Amir Hosein Ghazale®, Seyed Hassan Saadat h

Mohammad Gholami Fesharaki', Mehdi Raei’
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Acute COVID 19 I Fost-acuto COVID 15

I Sovib1e G ovib-19

[ Dstection unitkely FCR positive T FGA negatve

Fatigue
Decline in quality of life
i

Joint pain

Dyspnea
Cough
Persistent oxygen requirement

Anxiety/depression

Nasopharyng:

Viral isolation from

leop disturban
respiratory tract Sleep disturbances
Cognitive disturbances (brain fog)
Headaches
Palpitations
A pain
SARS-CoV-2

Thromboembolism

exposure

Chronic kidney disease

Hair loss
[ Week—2 [ Week=1 | Weerxi | Weekz | Weeks | wWeeka | Week iz

Before symptom onset After symptom onset

el pluluw b (g a9 (5 los

Asymptomatic or

Presymptomatic Mild lllness Moderate lliness Severe lliness Critical lllness
Positive SARS-CoV-2 Mild symptoms (e.g,  Clinical or radiographic = Oxygen saturation <94%; Respiratory failure, shock,
Features '€5H no symploms fever, cough, or change evidence of lower respiratory rat and multiorgan
in taste or smell); pi di ; =30 breaths/min; ion or failure
no dyspnea oxygen saturation 294%  lung infiltrates >50%
Screening testing; if Di tic testing. i ic testing g testing Diagnostic testing
Tk patient has known
esNg  exposure, diagnostic
testing
Isolation Yes Yes Yes Yes Yes

Pathogenesis

Potential al therapy
Treatment
Antibody therapy
Management Monitoring for symptoms  Clinical menitaring Clinical monitoring:  Hospitalization, oxygen  Critical care and specific
Poipa e and supportive care  if patient is hospitalized therapy, and specific  therapy (dexamethasone,
el and at high risk for therapy (remdesivir, possibly remdesivir)
i possibly dexam
remdesivir
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- Most Common:
WBC usually normal, Lymphopenia in 80%, Mild thrombocytopenia
Low Procal; Bacterial coinfection rare

CRP and D-Dimer elevated proportionate to severity (marker of poor progno-
sis); DIC over time

Increased ALT/AST to 70-100 range; Occasional increased alk phos
Mild elevation of creatinine
Generally normal troponin

- CXR (sensitivity 59%):

Bilateral patchy or reticular infiltrates, perihilar infiltrates occasionally

- CT scan (sensitivity 86%; much better than
RT-PCR!)

Bilateral diffuse ground glass opacities, multifocal patchy consolidation, inter-
stitial changes

Changes prior to severe symptom onset!

- ECHO:

Normal EF prior to late-onset sudden cardiogenic shock with dropping to EF
<10%

- Co-infection rare but possible (5%)

"I n’l o e

COWID-19 ws. Flu wvws., Cold

D incubastion moricd

Buredinaey respreratoncd sbicbeinie vwills cbiille
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v Rescarch and Practice
Volume 2020, Article ID 8835761, 12 pages
Ritps://dot or/10.1155/2020/8825761

Hindawi

Review Article

From Radiological Manifestations to Pul ry Path is of
COVID-19: A Bench to Bedside Review

Amin Saburi(," U. Joseph Schoepf(),” Kyle A. Ulversoy (), Ramezan Jafari (5,
Fatemeh Eghbal (9," and Mostafa Ghanei "

Chemical Injuries Research Center, Systems Biology & Poisonings Institute, Bagivatallah University of Medical Sciences.
Tehran, Iran

of Radiology and Medical University of South Carolina, Charleston. SC. USA
Usa

gt Oniversion University of Georgi + teddreal Parimership. Athens. GA.
“Birjand University of Medical Sciences. Birjand. I

Correspondence should be addressed to Amin Saburi; aminsaburi@yahoo.com
Received 7 August 2020; Revised 16 October 2020; Accepted 11 November 2020; Published 4 December 2020

Academic Editor: Lorenzo Faggioni

Copyright © 2020 Amin Saburi et al. This is an open access article distributed
el imich permice wnremricied user distribution. and reprodaction
properly cited.

ader the Creative Commons Attribution
Ty medium, provided the oriainal worlk

In this re

we o sseers previows diclogic studies I COVID-19 and suggest » pulmonary pathogenesls based on
ologic Andings. Although radiologic. fea not sp and there is heter ologic and
al manifestation. we suggest that the dominant patiern of computed tomography 1a condist ed prcmonin
Tollowed by interatitial and

S3p2 29005 Sl asdly

Fipure 4

Computed (omography findings Late s
Tung with ground-

ge disease. A: Reverse halo or atoll sign: Rounded opacily in the lell
ass arrenuarion in the cenrer demarcated by a denser. fine ring. Small. homogeneous

rounded opacity in the right lung: B: Bilateral perilobular pattern: Polygonal (irregular. linear or band-like)
peripheral opacilies in secondary pulmonary lobules; C: Peripheral, elongated, curved consolidation in the right
lower lobe conraining dilared bronchi

Eigu

(o tomography A ive bilateral ground-glass opacitics, onc with poorly-defined
margins and another with cloarly defined borders: B: Multilobar ground-glass opacitics and consolidation with
air bronchogram in the right lower lobe. Band of subpleural parenchyma respected in the left lung: C:
Microvascular dilation sign in the middle of ground-

i opacily in the lefl lower lobe: T>: Crivy-paving

pallern in the right upper lobe.
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Contents lists available at ScienceDirect

Biochemical and Biophysical Research Communications

journal homepage: www.elsevier.com/locate/ybbrc

Identification of antiviral antihistamines for COVID-19 repurposing

Leah R. Reznikov * “*!, Michael H. Norris ', Rohit Vashisht ¢, Andrew P. Bluhm ®,
Danmeng Li ¢, Yan-Shin J. Liao ?, Ashley Brown €, Atul J. Butte ¢, David A. Ostrov %"
* Department of Physiological Sciences, University of Florida College of Veterinary Medicine, Gainesville, FL, USA

® Department of Geography and the Emerging Pathogens Institute, Spatial Epidemiology and Ecology Research Laboratory, University of Florida, Gainesville,
FL, USA

© Bakar Computational Health Sciences Institute, University of California San Francisco, San Francisco, CA, USA
I Department of Pathology, Immunology and Laboratory Medicine, University of Florida College of Medicine, Gainesville, FL, USA
© Department of Medicine, University of Florida College of Medicine, Gainesville, FL, USA
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ABSTRACT

There is an urgent need to identify therapies that prevent SARS-CoV-2 infection and improve the
outcome of COVID-19 patients. Although repurposed drugs with favorable safety profiles could have
significant benefit, widely available prevention or treatment options for COVID-19 have yet to be iden-
tified. Efforts to identify approved drugs with in vitro activity against SARS-CoV-2 resulted in identifi-
cation of antiviral sigma-1 receptor ligands, including antihistamines in the histamine-1 receptor binding
class. We identified antihistamine candidates for repurposing by mining electronic health records of
usage in population of more than 219,000 subjects tested for SARS-CoV-2. Usage of diphenhydramine,
hydroxyzine and azelastine was associated with reduced incidence of SARS-CoV-2 positivity in subjects
greater than age 61. We found diphenhydramine, hydroxyzine and azelastine to exhibit direct antiviral
activity against SARS-CoV-2 in vitro. Although mechanisms by which specific antihistamines exert
antiviral effects is not clear, hydroxyzine, and possibly azelastine, bind Angiotensin Converting Enzyme-2
(ACE2) and the sigma-1 receptor as off-targets. Clinical studies are needed to measure the effectiveness
of diphenhydramine, hydroxyzine and azelastine for disease prevention, for early intervention, or as
adjuvant therapy for severe COVID-19.

© 2020 Elsevier Inc. All rights reserved.
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OPEN |
Evaluating the efficacy and safety of bromhexine
hydrochloride tablets in treating pediatric
COVID-19

A protocol for meta-analysis and systematic review

Yuying Wang, MB?, Yinghua Zhang, MB®, Xia Chen, MBS, Kun Xue, MM°, Tianjing Zhang, MD®,
Xiaohong Ren, MB®"

TMPRSS2 sa.iS jlgo

Internal and Emergency Medicine
https://doi.org/10.1007/s11739-020-02383-3

IM - REVIEW ")

Check for
updates

Potential new treatment strategies for COVID-19: is there a role
for bromhexine as add-on therapy?

Markus Depfenhart"2 - Danielle de Villiers’ - Gottfried Lemperle* - Markus Meyer® - Salvatore Di Somma®”

Received: 19 April 2020/ Accepted: 18 May 2020
© Societa Italiana di Medicina Interna (SIMI) 2020
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Evaluating the efficacy and safety of bromhexine
hydrochloride tablets in treating pediatric
CcOoOVID-19

A protocol for meta-analysis and systematic review

Yuying Wang, MB?, Yinghua Zhang, MB®, Xia Chen, MB*, Kun Xue, MM®, Tianjing Zhang, MD®,
Xiaohong Ren, MB®

I study Protocol Systematic Review

Abstract
und: h tablets may be effective in the treatment of Coronavirus disease 2019 (COVID-19) in
childrem: This studsy will further evaluate the efficacy and safety of bromhexine hydrochloride tablets in the treatment of COVID-19 in

children.

will be sean with all relevant randomized controlied trials (RCTs) up to August
2020 to be mcluded PubMed, Embase, Web of Science, the Gochrane Library, China National Knowledge Infrastructure (GRKD, the
Chongaing VIP China Science and Technology Database (VIP), Wanfang, the Technology Periodical Database, and the
Chinese Biomedical Literature Database (CBM). As well as the above, Baidu, the International Clinical Trials Registry Platform
(ICTRP), Google Scholar, and the Chinese Clinical Trial Registry (ChiCTR) will also be searched to obtain more comprehensive data.
Besides, the references of the included literature will also be traced to supplement our search results and to obtain all relevant
literature.
Results: This systematic review will evaluate the current status of bromhexine hydrochloride in the treatment of COVID-19 in
children, to evaluate its efficacy and safety.
Conclusion: This study will provide the latest evidence for evaluating the efficacy and safety of bromhexine hydrochloride in the
treatment of COVID-19 in children.
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Famotidine inhibits toll-like receptor 3-mediated
nﬂammatory signaling in SARS-CoV-2 infection
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Famotidine Repurposing for Novel Corona Virus Disease of 2019:
A Systematic Review
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Montelukast’s ability to fight COVID-19 infection

Andrzej Bozek, Mp, Pho? and Janne Winterstein, mp®

“Clinical Department of Internal Disease, Dermatology and Allergology, Medical University of Silesia, Katowice, Poland; "Allergy
Outpatient Clinic, Munchen, Germany

ABSTRACT ARTICLE HISTORY

Montelukast can be effective in the treatment of SARS-CoV-2 infection. Received 29 April 2020
Revised 5 June 2020
Accepted 17 June 2020

KEYWORDS
Prevention; geriatric
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Montelukast’s ability to fight COVID-19 infection

Arachidonic acid (AA)
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CO\ ; 10 leton Andrae] Bozek, o, " and Janne Winterstein, W’
Prostaglandins S-HPETE “ClicalDepartment o Intemal Disese,Dermatology and Alrgolgy,Medicl Universy of Sieia,Katowce, Poland: Alery
Outpatient Clinic, Munchen, Germany
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) ABSTRACT ARTICLE HISTORY
| TC4 Montelukast can be effective in the treatment of SARS-CoV-2 infection. Received 29 Apil 2000
/_ feised S hoe 220
LTReantagonists

Accepted 17 June 2020
Bronchocostrction, hmknn!

mucus screton, increased KEWORDS

| vacarpermenbitty ‘\_ Prevention; geiatric
—— LTE4,

Fig. 1. Leukotriene pathway. COX: cyclooxygenase, 5-L0: S-ipoxygenase, 5-
HPETE: 5-hydroperoryeicosatetraenoic acid, LTA4: leukotriene Ad, LTB4:
leukotriene B4, LTC4: leukotriene C4, LTD4: leukotriene D4, LTE4: leuko-
triene E4.
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H.M. Al-kuraishy et al European Journal of Pharmacology 904 (2021) 174196

SARS-CoV-2

Montelukast ——ey NF-kB activation
Increased release of pro-inflammatory cytokines
Cytokine storm

j——————p Acute brain injury *—

-—

Acute kidney injury

[—————> Acute cardiac injury *—

Gastroi i injury

Fig. 3. Role of the Cys-LTR antagonist montelukast in the mitigation of extrapulmonary manifestations in Covid-19.
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Review Article

Melatonin for the Early Treatment of COVID-19: A Narrative Review of M)
Current Evidence and Possible Efficacy )

Kristina M. Cross, MS ", Dylan M. Landis, BA ', Laveena Sehgal, BS ', J. Drew Payne, DO °

! School of Medicine. Texas Tech University Health Science Center, Lubbock, Texas
2 Department of Internal Medicine, Texas Tech University Health Science Center, Lubbock, Texas

ARTICLE INFO ABSTRACT

Article history: Objective: To discuss the use of melatonin as an early treatment option on the first day of diagnosis for
Received 31 March 2021 COVID-19.

Received in revised form Methods: Medical Subject Headings terms “COVID-19" and “viral diseases” were manually searched on

24 May 2021
Accepted 2 June 2021
Available online 10 June 2021

PubMed, and relevant articles were included.
Results: The results showed that melatonin acts to reduce reactive oxygen species—mediated damage,
o and ia in viral diseases similar to COVID-19.
. Conclusion: These conclusions provide evidence for potential benefits in melatonin use for COVID-19
Key words:
melatonin treatment as early as the day of diagnosis.
COVID-19 © 2021 AACE. Published by Elsevier Inc. All rights reserved.
viral diseases
SARS-CoV-2
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Melatonin as a Potential Adjuvant Treatment for COVID-19
beyond Sleep Disorders

Adam Wichniak 1*, Aleksander Kania 200, Mariusz Sieminski 3 and Wiestaw Jerzy Cubata 4
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Abstract: Melatonin is registered to treat circadian rhythm sleep-wake disorders and insomnia in
patients aged 55 years and over. The essential role of the circadian sleep rhythm in the deterioration
of sleep quality during COVID-19 confinement and the lack of an adverse effect of melatonin on
respiratory drive indicate that melatonin has the potential to be a recommended treatment for sleep
disturbances related to COVID-19. This review article describes the effects of melatonin additional to
its sleep-related effects, which make this drug an attractive therapeutic option for treating patients
with COVID-19. The preclinical data suggest that melatonin may inhibit COVID-19 progression. It
may lower the risk of the entrance of the SARS-CoV-2 virus into cells, reduce uncontrolled hyper-
inflammation and the activation of immune cells, limit the damage of tissues and multiorgan failure
due to the action of free radicals, and reduce ventilator-induced lung injury and the risk of disability
resulting from fibrotic changes within the lungs. Melatonin may also increase the efficacy of COVID-
19 vaccination. The high safety profile of melatonin and its potential anti-SARS-CoV-2 effects make
this molecule a preferable drug for treating sleep disturbances in COVID-19 patients. However,
randomized clinical trials are needed to verify the clinical usefulness of melatonin in the treatment of
COVID-19.
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RESEARCH ARTICLE

Melatonin effects on sleep quality and outcomes of COVID-19
patients: An open-label, randomized, controlled trial

Seyed Abbas Mousavi' @ | Keyvan Heydari?®® | Hossein Mehravaran® @ |
Majid Saeedi®® | Reza Alizadeh-Navaei? @ | Akbar Hedayatizadeh-Omran®® |
Amir Shamshirian?¢
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Abstract

This trial aims to evaluate the effectiveness of adding melatonin to the treatment
protocol of hospitalized coronavirus disease 2019 (COVID-19) patients. This was an
open-label, randomized controlled clinical trial in hospitalized COVID-19 patients.
Patients were randomized into a treatment arm receiving melatonin plus standard
care or a control arm receiving standard care alone. The trial's primary endpoint was
sleep quality examined by the Leeds Sleep Evaluation Questionnaire (LSEQ). The
trial's secondary endpoints were symptoms alleviation by Day 7, intensive care unit
admission, 10-day mortality, white blood cell count, lymphocyte count, C-reactive
protein status, and peripheral capillary oxygen saturation. Ninety-six patients were
recruited and allocated to either the melatonin arm (n=48) or control arm (n=48).
Baseline characteristics were similar across treatment arms. There was no significant
difference in symptoms on Day 7. The mean of the LSEQ scores was significantly
higher in the melatonin group (p <0.001). There was no significant difference in
laboratory data. except for blood oxygen saturation, which has improved sig-
nificantly in the melatonin group compared with the control group (95.81% vs.
93.65% respectively, p = 0.003). This clinical trial study showed that the combination
of oral melatonin tablets and standard treatment could substantially improve sleep 34995 (slm °ju
quality and blood oxygen saturation in hospitalized COVID-19 patients. **
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Abstract: There is an urgent need for specific antiviral treatments directed against SARS-CoV-2 to
prevent the most severe forms of COVID-19. By drug repurposing, affordable therapeutics could be
supplied worldwide in the present pandemic context. Targeting the nucleoprotein N of the SARS-CoV-
2 coronavirus could be a strategy to impede viral replication and possibly other essential functions
associated with viral N. The antiviral properties of naproxen, a non-steroidal anti-inflammatory drug
(NSAID) that was previously demonstrated to be active against Influenza A virus, were evaluated
against SARS-CoV-2. Intrinsic fluorescence spectroscopy, fluorescence anisotropy, and dynamic light
scattering assays demonstrated naproxen binding to the nucleoprotein of SARS-Cov-2 as predicted
by molecular modeling. Naproxen impeded recombinant N oligomerization and inhibited viral
replication in infected cells. In VeroE6 cells and reconstituted human primary respiratory epithelium
models of SARS-CoV-2 infection, naproxen specifically inhibited viral replication and protected the
bronchial epithelia against SARS-CoV-2-induced damage. No inhibition of viral replication was
observed with paracetamol or the COX-2 inhibitor celecoxib. Thus, among the NSAID tested, only
naproxen combined antiviral and anti-inflammatory properties. Naproxen addition to the standard
of care could be beneficial in a clinical setting, as tested in an ongoing clinical study.
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Real Clinical Practice and Therapeutic Management
Following COVID-19 Crisis in two Hospitals in Iran: A
Statistical and Conceptual View

Ali Najafi ', Mostafa Ghanei *, Ghasem Background: The Coronavirus disease 2019 (COVID-19) outbreak quickly has
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COVID-19/SARS-CoV-2

It is time to consider an anti-inflammatory therapy
based on the pathophysiology of COVID-19 infection
during the right time window?
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The efficacy of corticosteroids therapy
in patients with moderate to severe SARS-CoV-2
infection: a multicenter, randomized, open-label
trial

Mostafa Ghanei'", Masoud Solaymani-Dodaran®**, Ali Qazvini®, Amir Hosein Ghazale®,
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Results: The mean LOS was significantly lower in the mITT and PP populations who received prednisolone compared
with populations treated with Lopinavir/Ritonavir (p=0.028; p=0.0007). We observed no significant differences in
the number of deaths, ICU admission, and need for mechanical ventilation between the Modified ITT and per-proto-
col populations treated with prednisolone and Lopinavir/Ritonavir, although these outcomes were better in the arm
treated with prednisolone. The time to clinical recovery was similar in the modified ITT and per-protocol populations
treated with prednisolone, lopinavir/ritonavir, and azithromycin (P=0.335; P=0.055; p=0.291; p=0.098).
Conclusion: The results of the present study show that therapeutic regimen (regimen 1) with low dose prednisolone
was superior to other regimens in shortening the length of hospital stay in patients with moderate to severe COVID-
19.The steroid sparing effect may be utilized to increase the effectiveness of corticosteroids in the management of
diabetic patients by decreasing the dosage.
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ARTICLE INFO ABSTRACT
Keywords: Background: We examined the safety and efficacy of a treatment protocol containing Favipiravir for the treatment
Covid19 of SARS-CoV-2

Favipiravic, Merhods: We did o multicenter randomized open-iabeled clinical rial on moderate to severe cascs infections of
’mmmr SARS-CoV-2. Patients with typical ground glass on chest n (CT scan)
s and oxygen saturation (Sp0g) of less than 939 were. enrolled. They were randomly allocated into Favipiravis (1.6

Hydroxyehloroquine g loading, 1.8 gr daily) and Lopinavir/Ritonavir (800,200 mg daily) treatment r addition to standard

Clinical trial care. 1 mortality, 1CU ad ibation, time to clinical recovery, changes in daily SpOn afier 5
min discontinuation of supplemental oxygen, and length of hospital stay were quantified and compared in the
two groups.
Results: 380 patients were randomly allocated into e (193): and Lop 87) groups in 13
centers. The number of deaths, and 1CU not different (26, 27, 31 and
21, 17, 25 respectively). Mean hospital stay was also not Gitterent (7.9 days [SD — 6] in the Favipiravir and 8.1
[SD = 6.5] days in Lopinavir/Ritonavir groups) (p — 0.61). Time to clinical recovery in the Favipiravir group was
similar to Lopinavir/Ritonavir group (HR = 0.94, 95% CI 0.75 ~ 1.17) and likewise the changes in the daily SpO2
after discontinuation of supplemental oxygen (p = 0.46)
Conclusion: Adding Favipiravir to the treatment protocol did not reduce the number of ICU admissions or in-
tubations or In-hospital mortality compared to Lopinavir/Ritonavir regimen. It also did not shorten time to
clinical recovery and length of hospital stay.

19 39S (s)lows (109 Cuunibg 43 duogs (4o yigs

ur929 Lg)S aude (ygrwliuuSlg ®

33995 sl 6jG

Covid 19

The Comprehensive
National Congress On Covid 19







32995 (sl 60U

Covid 19§

The Comprehensive £
National Congress On Covid 19 \ ﬂa

Esmaeil Idani M.D

Pulmonologist
COVID-19 and ChronicObstructive Pulmonary Disease



COVID-19 and ChronicObstructive Pulmonary
Disease

COVID-19 & COPD

- COVID-19 pandemic has made routine management and diagnosis of
COPD more difficult as a result of:

- Reductions in face-to face consultations,
- Difficulties in performing spirometry,

- Limitations in traditional pulmonary rehabilitation and home care pro-
grams.

- Patients have also faced shortages of medication.

Risk of Infection with COVID-19

- The spike protein of the virus binds to ACE2 during viral attachment to
host cells and that viral entry is also facilitated by TMPRSS2 (transmem-
brane serine protease 2) .

- Differences in the expression of ACE2 and TMPRSS2 may modulate the
individual susceptibility to and clinical course of SARS-CoV-2 infection.

- ACE2 mRNA expression is increased in COPD and may be modulated by
inhaled corticosteroid (ICS) use.

Risk of Infection with COVID-19

- It is not known definitively yet whether having COPD affects the risk of
becoming infected with COVID-19.

- Most studies of people in the community tested for COVID-19 have not
shown chronic respiratory disease as an independent risk factor for test-
ing positive .

- COPD is an independent risk factor for hospital admission (hazard ratio, 1.55).

COPD has also been reported to independently increase the risk of severe
disease or death.

Factors including:

Prior poor adherence to therapy,

Difficulties performing self-management,
Limited access to care during the pandemic,
A reduced pulmonary reserve.
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Risk of Infection with COVID-19

- There are currently no peer-reviewed studies that have evaluated the
effect of smoking on the risk of infection with SARSCoV- 2, but studies
suggest that smoking is associated with increased severity of disease and
risk of death in hospitalized patients with COVID-19.

InvestigationsTesting for SARS-CoV-2 Infection

- Patients with COPD presenting with respiratory symptoms, fever, or oth-
er symptoms suggesting SARS-CoV-2 infection, even if mild, should be
tested for possible infection .

- Antibody testing may be used to support clinical assessment of patients
who present late.

Investigations

Detection of SARS-CoV-2 does not exclude the potential for coinfection
with other respiratory pathogens .
Some patients experience reactivation of long-lasting virus carriage or be-
come reinfected, and this might be influenced by comorbidities or drugs
that hamper the immune response .

Repeat testing should be performed in patients with suspected recur-
rence or relapse of COVID-19.

Spirometry and Pulmonary Function Testing
Performing spirometry and pulmonary function testing may lead to SARS-CoV-2
transmission as a result of coughing and droplet formation during the tests.

During periods of high prevalence of COVID-19 in the community, spirometry
should be restricted to patients requiring urgent or essential tests for the diag-
nosis of COPD .

Whenever possible, patients should have an RT-PCR test for SARS-CoV-2 per-
formed

Patients with a positive RT-PCR test should normally have the test delayed until
negative.



Spirometry and Pulmonary Function Testing

- When routine spirometry is not available,home measurement of peak
expiratory flow combined with validated patient questionnaires could be
used .

- peak expiratory flow does not correlate well with the results of spirome-
try , has low specificity, and cannot differentiate obstructive and restric-
tive lung function abnormalities.

Bronchoscopy

- In some patients with COPD, diagnostic and therapeutic bronchoscopy
may be required during the COVID-19 pandemic.

- Elective bronchoscopy should be delayed until patients have a negative
PCR test .

- In urgent cases in which COVID-19 infection status is unknown, all cases
should be managed as if positive.

- A disposable bronchoscope should be used if available , and staff should
wear personal protective equipment.

Imaging

-CXR:

- insensitive in mild or early COVID-19, not for screening in asymptomatic
individuals.

- in COPD patients with moderate-to-severe symptoms of COVID-19 and
evidence of worsening respiratory status .

- COVID-19 pneumonia changes are mostly bilateral.

- To exclude or confirm alternative diagnoses (e.g., lobar pneumonia,
pneumothorax, or pleural effusion).

- Lung ultrasound

- CT screening may show evidence of pneumonia in asymptomatic indi-
viduals infected with SARS-CoV-2 , and false negative RT-PCR tests have
been reported in patients with CT findings of COVID-19 who eventually
tested positive .
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Risk of Infection with COVID-19

COPD Patients with COVID-19 have an increased prevalence of:
- ground-glass opacities,

- local patchy shadowing,

- interstitial abnormalities on CT scans than without COPD.

increased occurrence of DVT and PTE in COVID-19 ;
Chest CT angiography to R/O pulmonary embolism

Protective Strategies

- Wearing a tight-fitting N95 mask introduces an additional inspiratory re-
sistance.

- RR, SP0O2, and exhaled CO2 levels were adversely affected in patients
with COPD wearing an N95 mask for 10 minutes at rest followed by 6
minutes of walking.

- Wearing a surgical mask does not appear to affect ventilation even in
patients with severe airflow limitation.

Key Points for the Management of Stable COPD
during the COVID-19 Pandemic

- Protective strategies - Investigations

Follow basic infection control measures Only essential spirometry

face covering shielding/sheltering in place

- Pharmacotherapy - Non-pharmacological therapy
adequate supplies of medications Ensure annual influenza vaccination
Continue unchanged including ICS Maintain physical activity



Differentiating COVID-19 Infection from the Dai-
ly Symptoms of COPD

- Cough and breathlessness are found in over 60% of patients with
COVID-19 but are usually also accompanied by fever (over 60% of patients)

- as well as fatigue, confusion, diarrhea, nausea, vomiting, muscle aches
and pains, anosmia,dysgeusia, and headaches.

Differentiating COVID-19 & COPD

- In COVID-19, symptoms may be mild at first, but rapid deterioration in
lung function may occur .

- The prodrome of milder symptoms is especially problematic in patients
with underlying COPD who may already have diminished lung reserve.

Differentiating COVID-19 & COPD

- The lack of recognition of the prodromal symptoms may delay early di-
agnosis.

- patients with COPD reporting exacerbations and suspected of having
COVID-19 infection were infrequently tested for its presence.

Differentiating COVID-19 & COPD

- A high index of suspicion for COVID-19 in COPD patients who present
with symptoms of an exacerbation, especially if accompanied by fever,
impaired taste or smell, or gastrointestinal complaints.

- Only 65% of people returned to their previous level of health 14-21 days
after testing positive for SARSCoV-2

- Some patients continued to experience cough, fatigue, and breathless-
ness for weeks and a smaller proportion for months.
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Maintenance Treatment for COPD during the
COVID-19 Pandemic

- no conclusive data to support the alteration of maintenance COPD phar-
macological treatment either to reduce the risk of developing COVID-19.

- no data on the use of long-acting bronchodilators, roflumilast, or mac-
rolides in COPD patients and clinical outcomes or risk of SARS-COV-2
infection.

- Thus,these patients should continue these medications required for
COPD.

Maintenance Treatment for COPD during the
COVID-19 Pandemic

- ICS have an overall protective effect against exacerbations in COPD

- Some laboratory data show that corticosteroids and long-acting bron-
chodilators can reduce the replication of SARS-CoV-2.

- These laboratory experiments suggesting a potential protective effect of
ICS against COVID-19 have not been validated by clinical studies.

Use of Nebulizers

- Aerosol therapy increases the droplet generation and risk of disease
transmission.

- Although most of the aerosol emitted comes from the device,there is a
risk that patients may contaminated aerosol and droplets produced by
coughing.

- SARSCoV- 2 viable in aerosols for up to 3 hours , and transmission to
healthcare workers.

- pressurized metered-dose inhalers, dry powder inhalers, and soft mist
inhalers should be used for drug delivery instead of nebulizers.



Use of Nebulizers

- The risks of nebulized therapy spreading infection can be minimized by
avoiding use in the presence of other people and ensuring that the neb-
ulizer is used near open windows or in areas of increased air circulation.

- Nebulizers may be needed in critically ill patients with COVID-19 receiv-
ing ventilatory support.

Non-pharmacological Treatment

- Annual Influenza Vaccination
- When case rates are high, center based rehabilitation is not appropriate.

- Patients should keep active at home and can be supported by home
based rehabilitation programs.

Treatment of COVID-19 in Patients with COPD

- The antiviral drug remdesivir and systemic steroids for hospitalized pa-
tients with severe COVID-19.

- Importantly, there are no known drug interactions between remdesivir
and inhaled COPD treatments.

Exacerbations of COPD

- Coronaviruses are among the respiratory viruses that trigger COPD ex-
acerbations.

- Distinguishing the symptoms of a typical exacerbation from COVID-19
infection can be extremely difficult, as many of the symptoms overlap.

- If a COVID-19 infection is suspected, RT-PCR testing should be conducted .

- If COVID-19 infection is confirmed, then treatment for COVID-19 infection
should be conducted regardless of the presence of COPD.
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Exacerbations of COPD

-COVID-19 causes a distinct pattern of pathophysiological changes, including :
- vascular injury,

- pneumonitis associated with hypoxemia,

- high levels of systemic inflammation(“cytokine storm”),

- coagulopathy,

- multiorgan involvement.

-These features are very different from typical COPD exacerbations.

Exacerbations of COPD

- COVID-19 infection resembles an exacerbation of COPD.

- Fever, anorexia, myalgias, and gastrointestinal symptoms more frequent-
ly reported in COVID-19 than in exacerbations of COPD.

- Sputum production occurs in both.
- Lymphopenia is a common finding of COVID-19

- COPD Patients with COVID-19 reported more severe fatigue, dyspnea,
and diarrhea than those without COPD.

Exacerbations of COPD

- Higher risk of poor outcomes in patients with COVID-19 :

- lymphopenia, - procalcitonin,

- thrombocytopenia, - creatinine kinase,

- elevated : - transaminases,

- D-dimer, - creatinine,

- CRP, - lactate dehydrogenase



Corticosteroids

- WHO initially recommended against the routine use of corticosteroids in
COVID-19 infection at the beginning of the pandemic, except in two clini-
cal settings:

- (ARDS)

- COPD exacerbations, in which specific indications for systemic cortico-
steroids were recognized .

Corticosteroids

- methylprednisolone associated with improved survival in patients with
COVID-19 and ARDS .

- systemic glucocorticoids reduce mortality at 28 days in patients with
COVID-19 pneumonia, especially those that are not on IMV or on pressor
support .

- Systemic steroids should be used in COPD exacerbations according to

the usual indications (whether or not there is evidence of a SARS-CoV-2
infection)

Antibiotics

- Antibiotic treatment for a COPD exacerbation is indicated if patients have
at least two of the three cardinal symptoms, including increased sputum
purulence, or if the patient requires mechanical ventilation .

- Bacterial co-infections reported infrequently in COVID-19.
- Diagnosing co-infection in patients with COVID-19 may be difficult.

- In practice,most hospitalized patients, particularly the severe ones, have
been prescribed empirical antibiotic therapy .

- Antibiotics should be used in COPD exacerbations according to the usu-
al indications whether or not there is evidence of a SARS-CoV-2 infection,
particularly as patients with COPD who develop COVID-19 are reported, to
more frequently develop bacterial or fungal coinfections.
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Pulmonary Complication

- ARDS may be part of COVID-19 and could be considered the major pul-
monary complication of COVID-19.

- Some early reports suggested that ARDS in this setting may differ from
the typical ARDS.

- Subsequent studies, however, suggested that classical ARDS also pres-
ents with a large variation in lung severity , and there is considerable over-
lap between patients with classical ARDS and patients with COVID-19 .

Exacerbations of COPD

- Although the respiratory tract is the main target of COVID-19, extrapul-
monary involvement is frequent and contributes to morbidity, disability,
and mortality.

- Renal, cardiac, nervous, cutaneous, hepatic, and gastrointestinal mani-
festations occur.

- Concomitant respiratory comorbidities, such COPD, may aggravate
these processes.

Anticoagulation

- COVID-19 has been associated with a hypercoagulable state , and ve-
nous thromboembolism rates in both ICU and ward patients are two- to
fourfold higher than expected despite thromboprophylaxis with a low-mo-
lecularweight heparin (LMWH) or unfractionated heparin .

- Patients with COPD are already at an increased risk for venous thrombo-
embolism , and those hospitalized with COVID-19 should receive pharma-
cologic thromboprophylaxis.

- In response to the high rates despite prophylactics, many institution-
al protocols have adopted intermediate intensity (i.e., twice-daily LMWH
rather than once daily) or even a therapeutic-intensity dose strategy for
thromboprophylaxis .



Ventilatory Support for Patients with COPD and
COVID-19 Pneumonia

- The prevalence of hypoxic respiratory failure in patients with COVID-19
is around 19% .

- Ventilatory support has been used in up to 20% of patients who develop
severe hypoxemia because of COVID-19 , and approximately 5% of pa-
tients require ICU care and advanced respiratory support .

- Patients requiring ventilatory support have a high risk of mortality , and
COPD has been reported to increase the risk of respiratory failure and ICU
admissions.

- HENT significantly reduces rates of intubation and IMV.

- HFTN should be considered in preference to NIV for acute hypoxemic
respiratory failure despite conventional oxygen therapy, as it may have a
lower failure rate .

- Prone positioning has also been suggested for awake nonintubated pa-
tients with hypoxemia .

- NIV is the normal standard of care for patients with COPD and acute
respiratory failure .

- NIV may be beneficial for the treatment of hypercapnic respiratory in pa-
tients with COPD and COVID-19 pneumonia, but it also has the potential to
worsen lung injury as a result of high transpulmonary pressures and VT.

- Patients on HFNT or NIV should be monitored closely for worsening, and
early intubation and IMV with adoption of a protective lung strategy, simi-
lar to that used in other forms of ARDS, should be considered .

- A PaO2/FI02 ratio,150 mm Hg may be a useful indicator for NIV failure
and increased risk of mortality.

- Extracorporeal membrane oxygenation should be considered only after
other strategies fail to achieve goals of oxygenation or ventilation.

Rehabilitation

- Rehabilitation should be provided to all patients with COPD and
COVID-19, particularly to those that have been more severely affected or
required ICU admission.

- A multinational task force has recommended early rehabilitation during.
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Follow-up of Patients with COPD &COVID-19

- Approximately 30% of patients with SARS or MERS had persistent lung
abnormalities that were consistent with fibrotic lung disease.

- There are not yet long-term studies on the follow-up of patients with
COVID-19, nor recommendations for monitoring these patients , thus the
follow up of patients with COPD who developed COVID-19 is still based on
expert opinion and consensus.

- The intensity of the monitoring obviously depends on the severity of the
COVID-19 episode.

- Patients who developed mild COVID-19 should be followed with the usual
protocols used for patients with COPD .

- Patients who developed moderate COVID-19, including hospitalization
and pneumonia but no respiratory failure, should be monitored more fre-
quently and accurately than the usual patients with COPD, with particular
attention to the need for oxygen therapy.

Conclusions

- There is little direct evidence about management of COVID-19 in people
with COPD.

- Clinicians should maintain a high level of suspicion of COVID-19 in pa-
tients with COPD presenting with new or worsening respiratory symp-
toms, fever, and/or any other symptoms that could be COVID-19 related,
even if these are mild, and should test for SARS-CoV-2.

- Patients should keep taking their oral and inhaled respiratory medica-
tions for COPD as directed, as there is no evidence that COPD medica-
tions should be changed during this COVID-19 pandemic.



KEY POINTS FOR THE MANAGEMENT OF STABLE COPD
DURING COVID-19 PANDEMIC

PROTECTIVE STRATEGIES

* Follow basic infection control measures
» Wear a face covering
« Consider shielding/sheltering-in-place

INVESTIGATIONS

* Only essential spirometry

PHARMACOTHERAPY

¢ Ensure adequate supplies of medications
* Continue unchanged including ICS

NON-PHARMACOLOGICAL THERAPY

* Ensure annual influenza vaccination
* Maintain physical activity

KEY POINTS FOR THE MANAGEMENT OF PATIENTS WITH COPD
AND SUSPECTED OR PROVEN COVID-19

SARS-CoV-2 TESTING

* Swab/Saliva PCR if new or worsening respiratory symptoms, fever, and/or any other symptoms that could be
COVID related

OTHER INVESTIGATIONS

* Avoid spirometry unless essential

* Consider CT for COVID pneumonia and to exclude other diagnoses e.g. PE
* Avoid bronchoscopy unless essential

* Assess for co-infection

COPD PHARMACOTHERAPY

* Ensure adequate supplies of medication

* Continue maintenance therapy unchanged including ICS

* Use antibiotics and oral steroids in line with recommendations for exacerbations
* Avoid nebulization when possible

COPD NON-PHARMACOLOGICAL THERAPY

* Maintain physical activity as able

PROTECTIVE STRATEGIES

* Follow basic infection control measures
* Maintain physical distancing
* Wear a face covering

COVID-19 THERAPY

* Use systemic steroids and remdesivir as recommended for patients with COVID-19
* Use HFNT or NIV for respiratory failure if possible

* Use invasive mechanical ventilation if HENT or NIV fails

 Post COVID-19 rehabilitation

* Ensure appropriate post COVID-19 follow-up
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COVID19 and Neuromuscular Disorders

COVID and Neurology

- The COVID-19 pandemic is caused by SARS-CoV-2, a member of the
Coronavirinae subfamily.

- It has caused many neurological manifestations centrally and peripherally.

Central neurological manifestations of SARS-
CoV-2

- A number of neurological manifestations of SARS-CoV-2 have been re-
ported:

- Encephalitis

- Acute disseminated encephalomyelitis (ADEM)

- Encephalopathy

- Posterior reversible encephalopathy syndrome (PRES)
- Meningitis

Neuromuscular manifestations

- Hyposmia/ageusia - Ophthalmoparesis

- Facial paresis - Guillain-Barré syndrome

- Symmetrical neuropathy - Critical-iliness myopathy and
- neuropathy - Myalgia

- Myositis - Rhabdomyolysis

Aim of presentation

Focusing on the main neuromuscular manifestation of SARS-CoV-2 infec-
tion.
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Myalgia

- In a meta-analysis:

- prevalence of myalgia: 36% (11 to 50%)

- Frequency of other symptoms:

- fever (88.5%)

- cough (68.6%)

- expectoration (28.2%)

- dyspnea (21.9%)

- Less common symptoms:

- dizziness, diarrhea, nausea, and vomiting.

- Another meta-analysis (55 studies, 8697 patients, published between 1 Janu-
ary 2020 and 16 March 2020):

- myalgia in 21.9% COVID-19 patients

Li LQ, Huang T, Wang YQ, Wang ZP, Liang Y, Huang TB, Zhang HY, Sun W, Wang Y. COVID-19 patients’
clinical characteristics, discharge rate, and fatality rate of meta-analysis. J Med Virol. 2020;92(6):577-583.

Myalgia is a common neuromuscular manifes-
tation in COVID:>50% in some studies

Neuromuscular manifestations

- Hyposmia/ageusia - Ophthalmoparesis

- Facial paresis - Guillain-Barré syndrome

- Symmetrical neuropathy - Critical-illness myopathy and
- neuropathy - Myalgia

- Myositis - Rhabdomyolysis



Myositis/Rhabdomyolysis

- Nine patients (age range 16 to 88 years, all males) with COVID-19-related
myositis/rhabdomyolysis has been reported.

- Eight patients presented with generalized limb weakness.

Borku Uysal B, Ikitimur H, Yavuzer S, Islamoglu MS, Cengiz M. Case report: a COVID-19 patient presenting
with mild rhabdomyolysis. Am J Trop Med Hyg. 2020;103:847-850.

Valente-Acosta B, Moreno-Sanchez F, Fueyo-Rodriguez O, Palomar-Lever A. Rhabdomyolysis as an initial
presentation in a patient diagnosed with COVID-19. BMJ Case Rep. 2020;13(6):6236719.

Myositis/rhabdomyolysis

- Repetitive muscle twitching.

- Cola-colored urine

- Red blood cells in the urine

- All patients had elevated CPK levels.

- One patient who presented with cola-colored urine had most elevated
CPK level of >100,000 IU/L.

- All patients had elevated levels of CRP, LDH, and serum ferritin.
- Five patients improved with conservative management.

- In addition to myositis and rhabdomyolysis, there is a report of COVID-19
- patients with critical-illness myopathy.

- All had acute flaccid quadriparesis.
- Electrophysiological tests revealed a myopathic pattern.
- They had mildly elevated CK and all patients had a good outcome.

Acute myopathic quadriplegia in patients with COVID-19 in the intensive care unit. Madia F, Merico B, Primi-
ano G, Cutuli SL, De Pascale G, Servidei S. Neurology. 2020 Sep 15; 95(11):492-494.

Myositis/rhabdomyolysis has been report-
ed after COVID 19 with rising CK > 100,000.

Myasthenia gravis

- There are reports of de-novo occurrence of myasthenia gravis secondary
to COVID-19 and also exacerbation after the COVID.

- However, there are reports of patients (age range 42-90 years, 4 females)
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of COVID-19 infection-related exacerbation of the pre-existing myasthenia
gravis.

- Both anti-AchR Ab+ and MuSK+ MG

- All patients had exacerbation of myasthenic symptoms after sore throat,
fever, cough, and shortness of breath in variable combination.

- Some patients required mechanical ventilation.

Our Experience for MG

- Four myasthenia gravis (MG) patients presented following COVID-19 in-
fection: De Novo Initiation

- The patients were between 38 and 61 years old, presenting with dys-
phagia, ptosis, muscle weakness, and respiratory problems with various
severities.

- A high-level AchR antibody in the serum.
- All patients were treated with pyridostigmine and prednisolone.
- They had favorable outcome.

- MG is an immune-mediated disorder that can be caused by molecular
mimicry by different viruses.

MG may exacerbate by COVID infection or may
start as de novo.

Guillain-Barré syndrome and Miller-Fisher syn-
drome

- Several previous reports have reported the association of infections, vi-
ral or bacterial, with GBS.

- >40 patients with GBS and 5 patients with MFS secondary to COVID-19
have been published.

- Most of the reports were from China, Italy, Iran and the USA.
- GBS and MFS were more frequent in elderly people.

- Time to onset of GBS/MFS ranged from 3 days to 4 weeks of onset of
COVID-19 symptoms.

-Upper respiratory tract symptoms were the usual preceding symptoms.



Guillain-Barré syndrome and Miller-Fisher syn-
drome

- Several previous reports have reported the association of infections, vi-
ral or bacterial, with GBS.

- >40 patients with GBS and 5 patients with MFS secondary to COVID-19
have been published.

- Most of the reports were from China, Italy, Iran and the USA.

- GBS and MFS were more frequent in elderly people.

- Time to onset of GBS/MFS ranged from 3 days to 4 weeks of onset of
COVID-19 symptoms.

-Upper respiratory tract symptoms were the usual preceding symptoms.

- Hyposmia and ageusia were distinctive features seen in COVID-19 pa-
tients unlike the typical GBS where these olfactory symptoms are not
seen.

- Most patients had ascending or lower limb areflexic weakness that later
on progressed and involved bifacial weakness and other cranial neurop-
athies.

- Unlike typical GBS, respiratory failure secondary to lung involvement
was common in GBS patients secondary to COVID-19.

- Majority of patients had severe demyelinating type of neuropathy.
- CSF-albumin-cytological dissociation was frequently noticed.

Current Journal
of Neurology

Original Paper

Curr J Neurol 2020; 19(3): 122-30

L]
Guillain-Barre syndrome in patients

with coronavirus disease-2019: e 12 200
Report of six cases and review
of literature

Ali Asghar Okhovat'#, Behnaz Ansari**, Helia Hemasian®/, Bahram Haghi-Ashtiani?, Soroor Advani®,
Bentolhoda Ziaadini', Siamak Abdi', Hajir Sikaroudi', Shahriar Nafissi', Farzad Fatehi

! Department of Neurology, Shariati Hospital, Tehran University of Medical Sciences, Tehran, Iran

? Department of Neurology, Sina Hospital, Tehran University of Medical Sciences, Tehran, Iran

* Isfahan Neurosciences Research Center, Alzahra Research Institute, Isfahan University of Medical Sciences, Isfahan, Iran
* Department of Neurology, School of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran

* Department of Neurology, Firoozgar Hospital, Iran University of Medical Sciences, Tehran, Iran

* Department of Neurology, Shohada Tajrish Hospital, Shahid Beheshti University of Medical Sciences, Tehran, Iran
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Our experience

- This study was performed in three referral centers of COVID-19 in Iran,
and six patients with the diagnosis of GBS were enrolled.

- Patients enrolled in the study with acute progressive weakness accord-
ing to the demyelinating or axonal variant of GBS.

- Four patients: axonal polyneuropathy

- Two patients: demyelinating polyneuropathy

- One patient required mechanical ventilation.

- All our patients had a favorable response to treatment.

- In one patient, the GBS symptoms recurred four months after the first
episode.

Limited case reports suggest a possible asso-
ciation between GBS and COVID-19. - Such as-
sociations may be an incidental concurrence or
a real cause-and-effect linkage.

Cranial neuropathy
- Various cranial neuropathies are described
- 3rd, and bilateral 6th nerve palsy

- painless right 6th cranial nerve palsy
- left facial palsy Glossopharyngeal, vagus, and trigeminal neuropathy

Cranial Neuropathy is reported frequently after
COVID with various involvements.

-Pathomechanism of Neuromuscular Involvement
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Peripheral Nerves Involvement

- Mostly thought to be immune-mediated.

- In patients with rapid evolution of GBS after the onset of COVID-19 symp-
toms, direct cytotoxic effects of virus on peripheral nerves is a postulated
mechanism.

- The glycoproteins on the surface of the virus resemble with glycoconju-
gates in human nervous tissue.

- The antibodies formed against the viral surface glycoproteins acts
against the glycoconjugates on the neural tissue.

- This mechanism of nerve injury is famously known as “molecular mim-
icry”.

Mechanism of muscle involvement

- The mechanism of myositis in COVID-19 infection is not fully understood.

- Skeletal muscles and other cells in the muscles like satellite cells, leuko-
cytes, fibroblasts, and endothelial cells express ACE-2.

- Therefore, it is postulated that skeletal muscles are susceptible to direct
muscle invasion by SARS-CoV-2.

- Other possible mechanisms suggested are

- Immune complex deposition in muscles

- Release of myotoxic cytokines

- Damage due to homology between viral antigens and human muscle cells

Conclusion

- Neuromuscular manifestations are frequent after covid infection includ-
ing myalgia, myositis, olfactory dysfunction, GBS, cranial neuropathy,
and MG.

- The mechanism of Neuromuscular manifestations may result from
- direct invasion
- immunologic effects on PNS
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Masoud Mehrpour MD,MPH
Covid and stroke
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Covid-19 and nervous
system

- Neurological symptoms:
- headache,
- dizziness,

- cranial nerves damage such as anos-
mia,

- confusion,
- cerebrovascular diseases,
- encephalopathies,

the initial presentation of COVID-19 or
concur with respiratory symptoms

- Neurological involvement has been ob-
served in up to 36% of COVID-19 patients.

- In severe cases, cerebrovascular dis-
eases are among the most prevalent co-
morbidities and are presented as an in-
dependent risk factor for poor prognosis
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Stroke mechanism in
Covid-19

- Coagulopathy and hypercoagulabili-
ty as a result of systemic response to
SARS-CoV-2 infection

- endothelial injury caused by direct viral
invasion,

- venous stasis due to immobilization

Stroke and Covid

- generally in younger with higher admis-
sion National Institutes of Health Stroke
Scale (NIHSS) score than their counter-
parts without COVID-19

- This could be attributed to the hy-
percoagulative state that predisposes
COVID-19 patients to thromboembolic
incidents.

Acute stroke imaging

protocol
= Brain CT - -CTA
- MRI - CT perfusion

Acute stroke imaging protocol

Both COVID-19 infection and stroke carry a high probability of renal
impairment

Contrast exposure required for CT angiography and perfusion im-
ages may precipitate acute kidney injury (AKI) in a highly vulnerable
COVID-19 infected patient

and increase risk of mortality.
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Concurrent image

Concurrent chest CT scan may be obtained at the time of neurovascular
imaging may identify CT chest abnormalities (consolidation, ground glass
opacity and reticular opacity in the presence of architectural distortion)
that may be seen in up to 82% of patients with COVID-19 infection on
admission

Angio suite protection

Stroke patients should be vaccinated?

having an effective vaccine is the best way to protect the most vulnerable,
our friends and our families, and will save tens of thousands of lives.
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the coronavirus booster and flu vaccines at the
same time?

- it’s perfectly ok to get the coronavirus
booster and flu vaccines at the same
time.

- not get them both in the same arm. So,
if one-sided weakness or an atrophied
muscle in one of arms, having them at
different times, or having one of them in
leg, which some people prefer.

Should stroke survivors take the Oxford/Astra-
Zeneca vaccine?

- The MHRA, the European Medicines
Agency (EMA), and the World Health Or-
ganisation have all said that the Oxford/
AstraZeneca Vaccine is safe and that the
benefits continue to outweigh the risks.

- The benefits of receiving the Oxford/
AstraZeneca vaccine far outweigh any
risks, even for people under the age of
40 or with underlying health conditions,
which includes stroke survivors.

Are the vaccines and booster safe for stroke
survivors who are taking anticoagulants?

- If taking anticoagulation medication, doctor will check that it’s ok
to receive the vaccination injection.

which arm to have the vaccine or booster in?

- paralysis in one arm, jab in good side,
especially if the muscle in affected arm
appears to be wasted.
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COVID-19 related vaccine-induced immune
thrombotic thrombocytopaenia (VITT) can in-
clude ischaemic stroke as well as cerebral ve-
nous thrombosis

- Reports of coagulopathy have appeared associated with COVID-19 vac-
cination and particularly the ChAdOx1 nCoV-19 vaccine.

- thrombocytopaenia, similar to that seen in heparin-induced thrombo-
cytopaenia but in the absence of heparin and with antibodies to platelet
factor 4. In one series of 23 patients, 13 had cerebral venous thrombosis
and 5 pulmonary emboli. Median age was 46 with an age range of 21-77,
and median time after vaccine was 12 days (range 6—24). Why the cerebral
venous sinuses are preferentially affected remains uncertain.

- the immune-mediated coagulopathy can also cause arterial thrombosis
including ischaemic stroke, although venous thrombosis and especially
CVST appear more frequent.

Treating cerebral venous thrombosis and isch-
aemic stroke associated with vaccine-induced
immune thrombotic thrombocytopaenia (VITT)
presents a challenge.

- challenging

- direct oral anticoagulants (DOACs, fondaparinux, danaparoid or argatra-
ban depending on the clinical picture

- intravenous immunoglobulin infusions,

- possibly plasma exchange.

- platelet infusions may exacerbate the condition.

- Despite optimal therapy, a high mortality has been reported and compli-
cations

- these side effects are rare and much less common than both cerebral
venous thrombosis and ischaemic stroke associated with COVID-19 in-
fection itself, as illustrated by a recent large epidemiological study.
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Challenges Experienced by Older People During
COVID-19 Pandemic
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Introduction

- Human ACE2 receptor

- The ACE2 gene is highly expressed in the lungs, gastrointestinal tract,
and the podocytes, and the proximal tubule segment in kidneys

- These receptors are also expressed in the cardiac myocytes

In elderly patients

- More severe and lethal

- The management of elderly patients with COVID-19 requires much more
caution than younger patients
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In elderly patients

Older frail adults have a pre-existing immunopathological base that puts
them at a higher risk of undesired outcomes and mortality due to COVID-19
and poor response to COVID-19 vaccination. Also, their admission in ICU
should depend on their degree of frailty rather than their chronological
age, which is better to be screened using the CFS.
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In elderly patients

- The most common symptoms in elderly patients with COVID-19 were
cough (70.5%), fever (64.1%), and fatigue (44.5%).

- In the critically ill patients who needed an ICU admission, the most com-
mon symptoms were cough (67.2%), fever (62.9%), and dyspnea (61.2%).

- Some reports indicate that at first, COVID-19 may present atypical
symptoms such as altered mental health in the absence of typical
symptoms; thus, mental health findings related to COVID-19 should be
considered

- The pneumonia severity index (PSl), multilobar involvement on chest CT
scans, the prevalence of acute respiratory distress syndrome (ARDS), and
the level of CRP were significantly higher.

- Lymphocytes were significantly lower.

- The rate of acute injury to the heart, kidneys, and liver and also the prev-
alence of secondary bacterial pneumonia were higher.

rgan systems in elderly patients with COVID-19
Pulmonary system complications

- SARS-CoV-2 interacts with the ACE2 receptor

Highly expressed in the alveoli, bronchial epithelium, and vascular endo-
thelium

- The cytokine storm
- Senile emphysema and muscular

- Weakened respiratory/ decreased airway clearance and pulmonary reser-
vation/ weaker immune system

Cardiovascular system complications

- The expression of ACE2 is relatively high
- Secondary to the impaired respiratory function and hypoxia

- Cardiotoxicity associated with antiviral therapies (sick sinus syndrome and Q-T
interval prolongation or lead to torsade de pointes by interacting with other drugs)



Liver function impairment

- Direct effect of the virus on the hepatic cells
- Side effect of medications used in the treatment regimen
- Cytokine storm and hypoxia resulted from pneumonia

- The impaired liver function in mild cases of COVID-19 is usually transient and
could be resolved without a sequela.

- Associated with impaired immune function, might cause serious conse-
quences and increases the length of hospital stay, especially in elderly
patients with multiple comorbidities.

- In the case of chronic liver disease, such as chronic hepatitis B or auto-
immune disease, attention should be paid to a history of immunosuppres-
sion in patients with COVID19.

- Medications that have a hepatic mechanism (the inhibitory or activator
effects)

- Polypharmacy
- Patients with a history of hepatic disease
- Drug interactions

Renal system complications

- The filtration rate is reduced by almost 10 mL/min each decade.

- Some degrees of renal dysfunction, which in turn increases the risk of
drug toxicity and water and electrolyte disturbances.

- Adequate hemodynamic support and not using nephrotoxic drugs are of
great importance to prevent elderly patients from renal impairment.

- The early renal replacement therapy might improve patients’ prognosis
in patients with renal dysfunction.

- Chloroquine and lopinavir/ritonavir, do not require dose adjustment
based on the creatinine clearance.

- Some medications such as fluoroquinolone and cephalosporin require
dose adjustment based on creatinine clearance.
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Renal system complications

- Special attention should be paid to the polypharmacy and drug interac-
tions.

- In patients with hypertension, due to the lack of data on the effect of cal-
cium channel blockers on ACE2, changing ACE inhibitors to these drugs
may be reasonable.

Skin disorders

- Secondary to repeated contacts with disinfectants, sanitizers, soaps,
and detergents.

- This issue is more commonly referred to as contact dermatitis or exacer-
bation of previous xerosis and asteatotic eczema.

- In severe cases, it might lead to defects of the skin barrier and cause
secondary conditions.

-Exacerbations of previous skin conditions, such as rosacea, eczema,
atopic dermatitis, neurodermatitis.

- The emotional stress during the outbreak might exacerbate or result
in emergence of herpes reactivation, zona, telogen effluvium, alopecia
areata, and psychocutaneous disorders.

- The routine use of immunomodulators might increase the risk of de-
veloping COVID-19 or increase the risk of secondary and opportunistic
infections.

- Drug reactions or interactions

- The long-term use of facial masks could also lead to facial acne and ro-
sacea during the pandemic.

Diabetes and elderly patients with COVID-19

- In elderly patients with diabetes, regular exercise and also regular adjust-
ment of the blood sugar, healthy eating habits, increased protein intake,
and correcting the vitamins and minerals deficiencies strengthen the im-
mune system



- Elderly patients should not be norm glycemic, but glucose should be
targeted and treated based on the underlying disease, performance level,
and age

- Insulin is the best controller for diabetes in bedridden patients

- Antihypertensive drugs that cause decreased water volume, such as thi-
azolidinediones, should be avoided.

- Attention should be paid to the hyperglycemic effects of corticosteroids.

- Special attention should also be paid to pigmentosa retinitis and the oc-
ular side effects of hydroxychloroquine.

Special points

Long term care facilities

-Many of the facilities face many challenges, including insufficient equip-
ment and staff, absence of standards for infection diagnosis, complex
needs of residents, staff members who work at more than one facility,
untrained workers, and enforcement of quarantine.

- Suspension or restriction on use of daycares

- Supplying Personal Protective Equipment

- Restricting visits

- Implementing a new detection tool

- Sites for positive cases

- Advocating hospitals on mass testing for all older people

- Putting restrictions on nursing home visitations

- The use of technologies to minimize human-to-human contact effec-
tively prevented the spread of the virus in LTCFs

- Weekly telephone calls

- Frailty assessment using Clinical Frailty Scale (CFS), accurate mor-
bidity and mortality reports, coordinated surveillance

- Rapid transfer of any suspected COVID-19 infection to a specialist center
as soon as possible

- While waiting to be transported to the hospital, the patient should be
placed in a single isolated room
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- Wearing a mask (N95 or FFP2 for the patient and also the health care
staff)

- Careful hand hygiene are critical preventive measures to limit the emis-
sion of the disease

- Health care personnel should also wear eye shields and use disposable
gloves and gowns regularly to provide optimal levels of protection

Social isolation

- Social distancing might force the elderly individuals to depression and
anxiety.

- These individuals are also more vulnerable to cardiovascular problems,
autoimmune diseases, neurocognitive disorders, and mental health is-
sues.

- Elderly patients, especially those who have no close family and only rely
on volunteer or social services, are more susceptible to mental isolation
during the pandemic and quarantine.

- Online technologies

- Frequent phone calls by friends and relatives
- Cognitive Behavioral Therapy

-Access to essential supplies

- Increases the prevalence of loneliness, dementia, delirium and suicide,
along with the changes in physical activity, drinking, and sleeping
patterns.

- Fear of death is related to a weakened immune system defensive
response and increased susceptibility to disease.

-Lack of access to regular medication

Neglect of Older adults, ageism and age discrimination in the COVID-19
crisis, there are a number of ways older adults who would like to
assist the humanitarian efforts to fight the pandemic can participate
in doing so.



Recommendation

- Management of the possible comorbidities in addition to the antiviral
therapy

- Prevention of drugs interaction, especially in the case of fluoroquinolo-
nes

- Precise adjustment of the dosage of the drugs based on creatinine clear-
ance

- Prevention of the intubation or extubation as soon as possible
- Evaluation for secondary bacterial infections
- Repeated rehabilitation sessions

- Preventing the patients from delirium by mobilizing patients in the hos-
pital as soon as possible

Access to essential
supplies in the self-
isolation

5

E-Health services

Long term care g
P Supporting and

Neglact of Older adults, Physical and mental
-:m_n _lnd age consequences of self-isolation
scrimination

Frailty and COVID-19 vaccination

- Potential poor response to vaccines,

- It is predicted that older frail adults will be exposed to the same risk of in-
fection or even, in the best case, a slightly lower risk than pre-vaccination.
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Prevalence and Mechanism

(per 100,000 Population) in the United States
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CENMTRAL ILLUSTRATION: Weekly Death Rates by Cardiovascular Cause
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There was an increase in deaths caused by ischemic heart disease and hypertensive diseases in
some regions of the United States during the initial phase of the COVID-19 pandemic.

nature > nature reviews cardiology > review articles > article

venu v | naturereviews cardiology

Review Article \ Published: 20 July 2020

COVID-19 and cardiovascular disease:
from basic mechanisms to clinical
perspectives

Masataka Nishiga ], Dao Wen Wang, Yaling Han, David B. Lewis & Joseph C. Wu

Table 1 Prevalence of cardiovascular comorbidities in patients with

COVID-19

From: COVID-19 and cardiovascular disease: from basic mechanisms to clinical perspectives

Country Number of Prevalence of comorbidity among all patients (among patients who were ventilated orin  Ref.
patients Icu)
Cardiovascular disease (%) Hypertension (%)  Diabetes (%)  Obesity (%)
China 41 15 (23) 15 (15) 20 (8) NR K
China 138 145 (25.0) 312 (58.3) 101 (22.2) NR ®
China 191 87 (24)30 30 (48)° 19 (31)° NR °
China 150 8.7 (19.1)° 34.7 (42.6)° 16.7 (17.6)° NR 2
China 1,099 25° (58)° 15.0 (237) 7.4 (16.2) NR 2
China 44,672 42(227) 12.8 (39.7) 53(19.7) NR B
ltaly 1,501 NR (21) NR (49) NR (17) NR o
USA 393 1372 (192 50.1(53.8) 252 (27.7) 35.8 (434) 7
USA 5700 1112 (NR) 56,6 (NR) 338 (NR) 417 (NR) s
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Prevalence and Mechanism
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Schematic diagram of the underlying mechanism of cardiovascular injury caused by
SARS-CoV-2 infection

Fever 88%
Fatigue 38%
Chills 1%

Headache 14%
Nasal congestion 5%
Sore throat 14%

Dry cough 68%

Productive cough 33%
Dyspnea 19%

Nausea/emesis 5%

iarrhea 4-14%

Myalgias 15%

.
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B Figure 2. Symptoms of coronavirus disease 2019 (COVID-19).
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Prevalence and Mechanism
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Fig. 2 | Bidirectional interaction between cardiovascular diseases and COVID-19. Cardiavascular comorbiditees such

@ ESC European Heart Journal (2020) 41, 1852-1853
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DISCUSSION FORUM

Decline of acute coronary syndrome admissions
in Austria since the outbreak of COVID-19: the
pandemic response causes cardiac collateral

damage

Bernhard Metzler'*, Peter Siostrzonek ©® 2, Ronald K. Binder ® 3, Axel Bauer', and

Sebastian Johannes Reinstadler & !
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Figure | Decline of acute coronary syndrome admissions in Austria since the outbreak of COVID-19. The absolute numbers of all ACS (blue
bars), STEMI (orange bars), and NSTEMI (grey bars) admissions in Austria from calendar week 10 to calendar week 13 are shown. Abbreviations:
STEMI, ST-segment elevation myocardial infarction; NSTEMI, non-ST-segment elevation myocardial infarction.

Comparing the first and last calendar week, there was a relative reduction of 39.4% in
admissions for ACS.

Several factors might explain this important ob-
servation

- The rigorous public health measures, which are undoubtedly critical
for controlling the COVID-19 pandemic, may unintentionally affect estab-
lished integrated care systems.

- Amongst others, patient-related factors could mean that infarct-related
symptoms such as chest discomfort and dyspnoea could be misinterpret-
ed as being related to an acute respiratory infection.

- Moreover, the strict instructions to stay at home as well as the fear of
infection in a medical facility may have further prevented patients with an
ACS from going to a hospital.

- Our study does not provide data on mortality; however, considering the
annual incidence of ACS in Austria (200/100 000/year = 17 600/year in 8.8
million habitants)1 and taking into consideration sudden cardiac deaths
and silent infarctions (one-third), there will remain 1000 ACS cases a
month.—

- The difference between the assumed number of ACS patients and the
observed number in our study, i.e. 725 ACS patients in calendar weeks
10-13 is 275.



- According to these assumptions, 275 patients were not treated in March
2020.

- Based on data showing that the cardiovascular mortality of untreated
-ACS patients might be as high as 40% (as it was in the 1950s),

- we can theoretically estimate 110 ACS deaths during this time frame.
-Vs
- official number of COVID-related deaths in Austria was 86 on 29 March.

Clinical Research in Cardiology
https://doi.org/10.1007/500392-020-01705-x

LETTER TO THE EDITORS I')

Check for
updates

Collateral damage of COVID-19-lockdown in Germany: decline
of NSTE-ACS admissions

A.K.Gitt'©. A. K. Karcher' -R. Zahn' - U. Zeymer'

Received: 4 May 2020/ Accepted: 1 July 2020
© Springer-Verlag GmbH Germany, part of Springer Nature 2020

A. ACS-Admissions Jan-Feb 2017-2020 B. ACS-Admissions Mar-Apr 2017-2020
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350 E covip-
300 250 Pandemic
shut-down
250
. p(ODDl
200 15
150
100 106 p ouoz
100
50
50
53 49
0 0
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During the COVID-19 lockdown in Germany in
March/April 2020, we observed:

- unchanged numbers for STEMI-admissions,
- but a significant 50% reduction in NSTE-ACS, in both UA and NSTEMI

- Possible explanations for this important observation might be system-re-
lated as well as patient-related.

- The acute presentation of STEMI with severe chest-pain probably still
triggers the direct transportation to the cathlabs with no changes of ad-
missions.

- Due to the attention to the plethora of possible symptoms of the SARS-
CoV-2-infection described in the media, some patients may have mis-in-
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terpreted their NSTE-ACS symptoms such as dyspnea and chest pain as
possible COVID-19-symptoms rather than as cardiovascular symptoms.

- As an early invasive treatment of NSTEMI-patients is associated with an
improved outcome, we might face a higher mortality by non-treated ACS
patients as a collateral damage of the COVID-19-era.

Articles I
COYID-19 pandemic and admission rates for and FWr®
mahagement of acute coronary syndromes in England
MarionJ Mafham*, Enti Spata*, Raphael Goldacre*, Dominic Gair, Paula Curow, Mark Bray, Sam Hollings, Chris Roebuck, Chris P Gale, m

Mamasgh Mamas, John E Deanfield, Mark A de Belder, Thomas F Luescher, Tom Denwood, MartinJ Landray, Jonathan R Emberson, Rory Collins,

Evaj A Qlorrist, Barbara Casadeit, Colin Baigent t
AN
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. ¢
= 20 sfr 4,
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" \ 892
15004 4 Ne_ <

[=——

Unadjusted data
— Data adjusted for incomplete coding

% %?N
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- There was a 23% (95% CI 16—30) reduction in admissions for STEMI, and
a

- reduction of 42% (38—46) in admissions for NSTEMI, from 2019 to the end
of March, 2020.

- By the end of May, 2020, admission rates for acute coronary syndrome
had partly recovered but remained about 16% below baseline levels.

- The partial recovery in admission rates by the end of May, 2020, sug-
gests that the British Heart Foundation and British Cardiovascular Society
32995 sl 8 publicity campaign in early April, 2020, in which people with heart attack
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symptoms were encouraged to attend hospital, could have helped to allay
such fears.

nature > nature reviews cardiology > review articles > article

menu v | nature reviews cardiology

Review Article | Published: 20 July 2020

COVID-19 and cardiovascular disease:
from basic mechanisms to clinical
perspectives

Masataka Nishiga (9, Dao Wen Wang, Yaling Han, David B. Lewis & Joseph C. Wu

= Despite the potential for COVID-19 to induce ACS, the number of report-
ed cases of ACS during the COVID-19 outbreak in Italy, Spain and the USA
was actually significantly lower than during pre-COVID-19 periods, with
a reported 42-48% reduction in hospitalizations for ACS and a 38-40%
reduction in PCI for STEMI.

- By contrast, the incidence of out-of-hospital cardiac arrest increased
during the COVID-19 outbreak in Italy, which was strongly associated with
the cumulative incidence of COVID-19.

- This observation is in accordance with the finding that the number of
patients with myocardial infarction seeking urgent hospital care declined
by >50% during the peak of the COVID-19 outbreak, as reported in an ex-
tensive global survey by the ESC

Stent Save a Life Survey

Primary PCl

P-PCI (2020 vs 2019)

30% -
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European Society of Cardiology ~ Education = COVID-I9 and Cardiology

STEMI admissions during COVID-19

An ESC survey on ST-elevation myocardial infarction (STEMI)
admissions during the pandemic

COVID-19 and
Cardiology

29 May 2020

a0

‘South Sudan EtMOPIa 0

00) /Somalia

STEMI Management

Management of patients with stemi during
covid-19

- The maximum delay from STEMI diagnosis to reperfusion of 120 minutes
should remain the goal for reperfusion therapy under the following con-
siderations:

- Primary PCI remains the reperfusion therapy of choice if feasible with-
in this time frame and performed in facilities approved for the treatment
of COVID-19 patients in a safe manner for healthcare providers and other
patients;

- Primary PCI pathways may be delayed during the pandemic (up to 60
3995 (sl 65U minutes — according to multiples experiences) due to delays in the deliv-

Covid 19;

The Comprehensive
National Congress On Covid 19 Y \c \




ery of care and the implementation of protective measures;

- If the target time cannot be met and fibrinolysis is not contraindicated,
fibrinolysis should then become first line therapy;

- As SARS-CoV-2 test results are not immediately available in STEMI pa-
tients, any STEMI patient should be considered potentially infected;

- All STEMI patients should undergo testing for SARS-CoV-2 as soon as
possible following first medical contact irrespective of reperfusion strat-
egy, at the latest upon admission to the ICU post primary PCI. Until the
result of the test is known, all precautionary measures should be taken to
avoid potential infection of other patients and HCP;

- Consider immediate complete revascularization if indicated and appro-
priate in order to avoid staged procedures and reduce hospital stay;

All physicians involved in the management of patients with STEMI should
be familiar with indications, contraindications and dosage of fibrinolysis
and adhere to established administration protocols

Patients with STEM during COVID-19 pandemic

|

Type to access to care
X

¢ v
Self-presenting and/or
SUZHincyicis hospitalized patients
IR with COVID-19
Transport to hospirals with A hospitals with A hospitals without
2477 cath lab service. 2417 cath lab service 2477 cath lab service
Timely primary B B Timely primary
PCl possible PCl possible
1 1
é é

Fibrinolysis Primary PCI Fibrinolysis

General recommendations

+ Only hospitals equipped to manage patients with COVID-19 should maintain 247 cath lab service
for primary PCI

« Any STEMI patient should be managed assuming positive COVID-19 status

« Perform fibrinolysis if not contraindicated

Management of patients with stemi during
covid-19

Received: 24 March 2020 | Accepted: 25 hren 2020
ot 1010007z 25887

CORE CURRICULUM WILEY

Management of ST-segment-elevation myocardial infarction
during the coronavirus disease 2019 (COVID-19) outbreak:
Iranian“247” National Committee's position paper on primary
percutaneous coronary intervention
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Antithrombotic regimen during the COVID-19
outbreak

- Clopidogrel is recommended for fibrinolytic therapy candidates
e - In patients candidated for primary PCI, ticagrelor can be the recommend-
32995 sl &L ed agent
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- Prasugrel is not associated with significant interactions, but it predis-
poses patients to bleeding.

- As these patients are at higher risk of bleeding, in particular in severe
cases, Clopidogrel can again be introduced as the preferred agent

- In regard to statins, Atorvastatin and Rosuvastatin need to be dose-ad-
justed in patients on Lopinavir/Ritonavir.

The maximum recommended dose for these agents is 20 and 10 mg, re-
spectively

- Regarding ACEIs/ARBs, it is recommended that they be prescribed and
continued in this population.

NSTE-ACS Management

Biomarker Elevation Suggesting Cardiovascu-
lar Conditions in Patients with COVID-19 Infec-
tion

- Mild elevations in cardiac troponin T/l concentrations (e.g. < 2-3 times
the ULN), particularly in an older patient with pre-existing cardiac disease,
do NOT require work-up or treatment for T1MI, unless strongly suggested
by angina chest pain and/or ECG changes.

- Such mild elevations are in general well explained by the combination
of possible pre-existing cardiac disease AND/OR the acute injury related
to COVID-19.

- Marked elevations in cardiac troponin T/l concentrations (e.g. > 5 times
the ULN) may indicate the presence of shock as part of COVID-19, severe
respiratory failure, tachycardia, systemic hypoxaemia, myocarditis, Ta-
kotsubo syndrome or T1MI triggered by COVID-19.

- In the absence of symptoms or ECG changes suggestive of T1MI, echo-

cardiography should be considered in order to diagnose the underlying
cause.

- Patients with symptoms and ECG changes suggestive of T1MI should
be treated according to ESC-guidelines irrespective of COVID-19 status.
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Figure 11 High-sensitivity cardiac troponin (hs-cTn) T/I ions should be i P as itative variables.
In non-critically-ill patients with COVID-19, mild elevations (e.g. up to 3-times the ULN) elevations are in general well explained by the
combination of possible prior cardiac disease AND the acute cardiomyocyte injury related to COVID-19. Even higher concentrations indicate the
presence of specific acute cardiac disease such as TIMI, myocarditis, or takotsubo syndrome.

ULN denotes upper limit of normal and is assay-specific, HF denotes heart failure, PE denotes pulmonary embolism, ARDS denotes

acquired respiratory distress syndrome, T1MI indicates type 1 myocardial infarction.
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Potential Mechanisms Underlying the Biomark-
er Elevation

- The potential mechanisms underlying myocardial injury in those with
COVID-19 infection are not fully understood:

1- Myocarditis,

2- septic shock,

3- tachycardia,

4- severe respiratory failure,
5- systemic hypoxaemia,

6- Takotsubo syndrome or

7- T1MI triggered by COVID-19

- As quantitative biomarkers of haemodynamic myocardial stress and HF,
intracardiac filling pressures and end-diastolic wall stress seem to be the
predominant triggers of the release of BNP/NT-proBNP

Non-Invasive Imaging

Key points:

- Do not perform routine cardiac imaging in patients with suspected or
confirmed COVID-19;

- Prevent contamination from patients to other patients, to imagers and
imaging equipment;



- Perform imaging studies in patients with suspected or confirmed
COVID-19 only if the

- management is likely to be impacted by imaging results;

- Re-evaluate which imaging technique is best for your patients both in
terms of diagnostic yield

- and infectious risk for the environment;
- The imaging protocols should be kept as short as possible.

Table 6 Non-invasive cardiovascular stress testing
and imaging tests with the potential for deferral in
the light of the COVID pandemic (Reproduced from
Gluckman et al.'"¥)

+ Stress testing (ECG alone or with imaging [echocardiography,
radionuclide, MRI]) for suspected stable ischaemic heart disease
(outpatient and inpatient)

+ Cardiopulmonary exercise testing for functional assessment
(outpatient and inpatient)

* Transthoracic echocardiograms (outpatient)

+ Transoesophageal echocardiograms in stable patients (outpatient
and inpatient)

* Cardiovascular CT (outpatient)
+ Cardiovascular magnetic resonance imaging (MRI) (outpatient)

* Nuclear cardiac imaging (SPECT and PET) (outpatient and
inpatient)

* Vascular imaging for asymptomatic carotid artery disease
(outpatient and inpatient)

* Vascular imaging for claudication (outpatient and inpatient)

* Imaging for screening purposes (e.g., coronary calcium score,
screening ultrasound to assess for an AAA or carotid disease)
(outpatient and inpatient)

AAA = abdominal aortic aneurism; CT = computed tomography;

ECG = electrocardiogram, MRI = magnetic resonance imaging;

PET = positron emission tomography; SPECT = single photon emission
computed tomography.
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Transthoracic and Transesophageal Echocar-
diography

- Key points

- Avoid performing transthoracic, transesophageal and stress echocar-
diograms in patients in which test results are unlikely to change the man-
agement strategy;

- TEE carries increased risks of spread of COVID-19 due to exposure of
HCP to aerosolization of large viral load and should not be performed if an
alternative imaging modality is available;

- In COVID-19 infected patients, the echocardiogram should be performed
focusing solely on the acquisition of images needed to answer the clinical
question in order to reduce patient contact with the machine and the HCP
performing the test;

- POCUS, focused cardiac ultrasound study (FoCUS) and critical care
echocardiography performed at bedside are effective options to screen
for CV complications of COVID- 19 infection.

- Echocardiography can be performed bedside to screen for CV complica-
tions and guide treatment.

- POCUS, FoCUS and critical care echocardiography are probably the pre-
ferred modalities to image patients withCOVID-19.

- Limited evidence exists for the use of lung ultrasound to differentiate
ARDS (single and/or confluent vertical artefacts, small white lung regions)
from HF.

- The presence of dilated right ventricle and pulmonary hypertension may
indicate contrast CT to rule out PE. In COVID-19 infected patients, echo-
cardiography should focus solely on the acquisition of images needed to
answer the clinical question in order to reduce patient contact with the
machine and HCP.

- It should not be forgotten that the risk of infection remains in the reading
rooms and therefore the material used should be also frequently sanitized.



Figure § Guidance on donning personal protective equipment (PPE) to manage COVID-19 patients
(modified from the “Handbook of COVID-19 Prevention and Treatment”)”

2

1. Put on work
clothes and shoes

2. Wash hands

@

3. Put on a disposable
surgical cap

5. Putoninner
disposable latex gloves

4. Put on a medical
protective mask (N95)
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COVID-19 and Cardiology

Last updated on 22 July 2020

The ESC is a vast, diverse community. We learn from each other so that we can give our patients the best possible care. Never has this been more important
than during a pandemic. This page is designed to provide you with an array of useful resources, updated regularly.

You have a mission. We're here to help.

ESC Guid for Di is and (] t of CVD during the COVID-19 Pandemic Updated
L2

- Patients should be categorized into 4 risk groups (i.e. very high rigk,

high risk, intermediate risk, and low risk) and managed accordingly.

- Patients with Troponin rise and no acute clinical signs of instabifjity

(ECG changes, recurrence of pain) might be managed with a prima
conservative approach.

ily

- Non-invasive imaging using CCTA may speed-up risk stratificatign,

avoid an invasive approach allowing early discharge.

- For patients at high risk, medical strategy aims at stabilization wh
planning an early (< 24 hours) invasive strategy.

st

33995 (sl 60U

Covid 19;

The Comprehensive
National Congress On Covid 19




33995 sl 6jG

Covid 19

The Comprehensive
National Congress On Covid 19

Y¥a

- The time of the invasive strategy may however be longer than 24
hours according to the timing of testing resulits.

- If feasible, a dedicated area to manage these patients while waiting
for the test result should be arranged in the emergency department.

- In the case of positive SARS-CoV-2 test, patients should be trans-
ferred for invasive management to a COVID-19 hospital equipped to
manage COVID-19-positive patients.

- Patients at intermediate risk should be carefully evaluated taking
into consideration alternative diagnoses to T1MI, such as Type Il MI,
myocarditis, or myocardial injury due to respiratory distress or mul-
tiorgan failure or Takotsubo.

- In the event any of the differential diagnoses seem plausible, a
non invasive strategy should be considered and CCTA should be
favored, if equipment and expertise are available.

-When there is a positive SARS-CoV-2 test, patients should be trans-
ferred for invasive management to a COVID-19 hospital equipped to
manage COVID-19-positive patients.

- At times of high demand on the infrastructure and reduced avail-
ability of catheterization laboratories or operators, non-invasive
conservative management might be considered with early dis-
charge from the hospital and planned clinical follow-up.

Patients with NSTE-ACS during COVID-19 outbreak

‘or cardiogenic shock

* Recurrent/ongoing
chest pain refractory
to medical therapy

o Life-threatening
arrhythmias or cardiac
arrest

* Acute heart failure
* Recurrent intermittent
ST-elevation

o Mechanical complications
of myocardial infarction

o Established diagnosis of
NSTEMI based on cardiac
troponins
And at least | of the

following:

* Dynamic ST/T changes
(symptomatic or silent)
* Recurrent symptoms

Immediate invasive
strategy (follow
the STEMI pathway)

* Established diagnosis of
NSTEMI based on cardiac
troponins

And at least | of the
following:

 Diabetes mellitus or
renal insufficiency®

* LVEF <40% or
congestive heart failure

o Early post-infarction
angina or prior
PCI/CABG

]

Test for SARS-CoV-2
If positive, transfer to COVID-19 equipped hospital

}

Early invasive after
test result
(target <24 h)

l

Non-invasive testing®

b
¢ e v ¥
f High risk Intermediate risk Low risk

* Any condition not listed
in the other risk status

Test for SARS-CoV-2

Non-invasive testing

@Esc—



COVID-19 AND MYOCARDIAL INJURY

- Myocardial injury, evidenced by elevated cardiac biomarkers, was recog-
nized among early cases in China.
- (elevated high-sensitivity cardiac troponin | [hs-cTnl] or new ECG or

echocardiographic abnormalities) was present in 7.2% of patients overall
and 22% of patients who required ICU care.

- The report from the National Health Commission of China reported that
almost 12% of patients without known CVD had elevated troponin levels
or cardiac arrest during hospitalization.

- Notably, hs-cTnl was >99th percentile upper reference limit in 46% of
non-survivors as opposed to 1% of survivors.

2 mechanism:
- Direct myocardial involvement mediated by ACE2.

- A murine model demonstrated pulmonary infection with SARS-CoV also pre-
cipitated an ACE2 - dependent myocardial infection.

- Among humans, during the Toronto SARS outbreak, SARS-CoV viral RNA was
detected in 35% of autopsied hearts.

- Other suggested mechanisms of COVID-19-related cardiac involvement
include a cytokine storm, mediated by an imbalanced response among
subtypes of T helper cells, and hypoxia-induced excessive intracellular
calcium leading to cardiac myocyte apoptosis.

2 mechanisms:

- Myocardial injury can
result from the asso-
ciated cytokine storm
manifested by elevated
levels of interleukin-6
(IL-6), ferritin, lactate
dehydro- genase (LDH),
and D-dimer (stress
cardiomyopathy)

iLe tt  D-Dimer tt  Ferritin 4 LDH 14 - Myocardial dysfunc-

_“— tion from the direct ef-
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fect of severe acute respiratory syndrome coronavirus 2 on the heart (po-
tentially viral myocarditis mediated by ACE2).

For example,

- 1 case recently published described a man presenting with chest pain
and STEMI on his ECG, but without coronary obstruction.

- An echo: LVEF: 27%, LVEDD: 5.8 cm

- elevated cardiac biomarkers (troponin T >10 ng/mL, NT-proBNP [N-termi-
nal pro-BNP] >21 000 pg/ mL).

- 24 After a therapeutic approach that included IVIlg and steroids, ejection
fraction and cardiac biomarkers normalized within 3 weeks.

For example,
- a 63-year-old man with no cardiac history

- presented with both severe respiratory manifestation and evidence of
fulminant myocarditis

- with an LVE (LVEDD: 6.1 cm) and LVEF: 32%

- The patient had an elevated troponin | (>11 ng/mL) and NT-proBNP (>22
000 pg/mL).

- Given the severity of his cardiogenic shock, he was placed on:

- extracorporeal membrane oxygenation

- IVig

- steroids,

- antiviral therapy, and

- renal replacement therapy.

- The patient ultimately showed recovery of his LVEF within 2 weeks.

- Both of these patients were treated with glucocorticoids but the impact
of this therapy is unclear.

- The World Health Organization and Centers for Disease Control and Pre-
vention do not recommend glucocorticoid use unless indicated otherwise
(eg, chronic obstructive pulmonary disease or asthma exacerbation).



Heart failure and cardiac arrest

- Virus infection is an important cause of aggravating heart failure or in-
ducing acute heart failure.

- Previous reports have suggested that SARS-CoV and MERS-CoV infec-
tion can cause or aggravate heart failure.

- the possibility of right heart failure and associated pulmonary hyperten-
sion should be considered.

- Lung involvement in patients with COVID-19 can cause ventilation—per-
fusion mismatch and a decrease in pulmonary vascular beds.

Then, microvascular occlusion and reduced functional residual capacity
increase pulmonary vascular resistance, resulting in pulmonary hyperten-
sion and right heart failure.

- In order to reduce case fatality rate, it is necessary to attach great im-
portance to the treatment and prevention of heart failure in patients with
COVID-19.

Arrhythmia

- Arrhythmias are common cardiac manifestations described in COVID-19
patients.

Heart palpitations were also reported to be one of the initial symptoms in
some patients with COVID-19.

- However, the types of arrhythmia and specific ECG changes in COVID-19
patients have not been published or presented.

- Of note, arrhythmia can occur in patients with COVID-19, but the mani-
festations related to arrhythmia may be masked by respiratory symptoms.

- Therefore, patients with severe COVID-19 should be closely monitored
for paroxysmal tachycardia or increased pulse rate that does not match
the disease status.

Takotsubo cardiomyopathy

- Takotsubo cardiomyopathy, also called stress-induced cardiomyopathy,
is a clinical syndrome characterized by acute and transient regional left
ventricular systolic dysfunction usually triggered by physical or emotion-
al stressors including infections.

- The COVID-19 pandemic has caused an unprecedented health crisis,
leading to anxiety, distress, and fear, with emerging cardiovascular im-
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plications.

- Several studies have noted the occurrence of Takotsubo cardiomyopa-
thy in patients infected with COVID-19.

- Thus, the current pandemic scenario of COVID-19 may represent an im-
portant trigger for Takotsubo cardiomyopathy, not only due to the respi-
ratory infection, but by the profound psychological and emotional stress
caused by the isolation period resulting in an excessive release of cate-
cholamines.

Coagulation abnormalities

- Patients with COVID-19 are more likely to have an elevated risk of arterial
and venous thromboembolism due to a state of endothelial dysfunction,
vascular inflammation, and hypercoagulability associated with SARS-
CoV-2 infection.

- Abnormal coagulation parameters, such as prothrombin time, fibrin deg-
radation products, activated partial thromboplastin time, and D-dimer,
were noted in patients with COVID-19.

- In particular, increased levels of fibrin degradation products and D-dimer
were suggested to be closely associated with poor prognosis.

- These studies suggest that a substantial proportion of patients with
COVID-19 have coagulation abnormalities, which may contribute to the
development of multiple cardiovascular manifestations of COVID-19.

- Pulmonary thromboembolism (PTE) is frequently observed in patients
with COVID-19, mainly involving the:

- segmental (90.2%) and
- subsegmental arteries (61.0%) of pulmonary segments
- affected by a consolidation pattern (67.6%).

Cardiac dysfunction

- Myocardial supply-demand mismatch
- Acute coronary syndrome

- Microvascular insufficiency

- Myopericarditis

- Arrythmia

- Cardiomyopathy

- Heart failure/cardiogenic shock

- Advanced age
- Hypertension
- Obesity

- Diabetes mellitus
- Pre-existing cardiovascular disease

W
Dysregulated pathways in COVID-19

- Immune system
- Inflammatory cascade/cytokine storm
- Fibrinolytic system

Vascular dysfunction

- Deep vein thrombosis
- Pulmonary embolism
-Microvascular thrombosis
-Endothelial injury




MONITORING

Cardiac Biomarkers ] [ Inflammatory Markers} [ Coagulation Markers ]

Troponin, NT-proBNP CRP, Ferritin, IL-6 D-Dimer, Fibrinogen, PT, PTT

Y

Imaging
TTE, Cardiac CT, cMRI, CT-PE, Venous & Arterial Doppler Ultrasound

CARDIAC COMPLICATIONS

Cardiac Heart
Injury Failure

Therapeutic Anti

Prophylactic Inotropes, GDMT Anticoa; ] Antiviral:
| gulation | ntivirals
Anticoagulation Diuresis G "”::,""""" M (asprophylaxisin || (e remdesivin Inﬂam]vlv:ato;y
critically il patients) (Cot=liamTs)
[ Areas of 18 i and C ] Areas of igati disag and ing evid

Table 7 Potential interactions of drugs to treat COVID-19°

Drugs used to treat COVID-19 Interactions Action
Dexamethasone Warfarin Monitor INR
Methylprednisolone Warfarin Monitor INR
Antiretroviral drugs Antiarrhythmics Use QT prolongin
NOACs Avoid apixaban a
Statins Start with low-deo
Warfarin Monitor INR
Colchicine Statins Consider reducin
CYP3A4 inhibitor Consider reducin

Chloreguine or hydroxychloroquine  Beta-blockers and QT prolongingdrugs ~ Monitor ECG

COVID-18, coronavirus disease 2019; ECG, electrocardiogram; INR, international normalized ratio;
MOACs, non-vitamin K antagonist oral anticoagulants.

a These medications will be administered during hospital admission.
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Cardiovascular disease and COVID vaccine

- Patients with CV risk factors and disease are at variable risk for adverse
outcomes in COVID-19 based on the severity of their comorbidities.

- Patients with more advanced CVD are at higher risk compared with those
with well-controlled CV conditions.

- For example, those patients with poorly controlled hypertension, insu-
lin-dependent diabetes, or diabetes with microvascular and/or macrovas-
cular complications as a result of poor glycemic control should be con-
sidered higher risk compared with patients who are medically optimized.

- Similarly, patients with morbid obesity should be considered higher risk
compared with patients who are overweight.

- Patients with high-risk or symptomatic ASCVD, including CAD or PAD,
should be considered at higher risk compared with patients with asymp-
tomatic or fully revascularized disease.

- In patients with a history of cardiac dysrhythmia, those with poorly con-
trolled or poorly tolerated AF/flutter should be considered at higher risk.

- Furthermore, those patients with a history of VT or VF previously re-
quiring ICD therapy and/or longitudinal treatment with an antiarrhythmic
medication should be considered at higher risk as well.

- Among patients with heart failure, those with worse functional status
(i.e., New York Heart Association class Ill/IV) and those requiring recent
hospitalization or an urgent visit for worsening heart failure should be
considered higher risk compared with those patients who are well-com-
pensated on medical therapy and infrequently hospitalized.



- Patients with heart failure who are being considered for or are already
listed for a heart transplant should be considered at especially high risk,
given their advanced, decompensated disease.

- Additionally, patients with a history of a heart transplant should be con-
sidered higher risk, given their immunosuppressed status, especially
those in the immediate postoperative state and at the highest intensity of
immunosuppression.

- Although there are less data in the PH population, patients with moder-
ate-severe PH should be considered higher risk, especially those who are
decompensated and being considered or listed for lung transplant.

- Patients with ACHD with advanced physiological stage, indicating more
advanced disease, should be prioritized.

tus (i.e., New York Heart Association class Ill/IV) and those requiring re-
cent hospitalization or an urgent visit for worsening heart failure should
be considered higher risk compared with those patients who are well-com-
pensated on medical therapy and infrequently hospitalized.

- Patients with heart failure who are being considered for or are already
listed for a heart transplant should be considered at especially high risk,
given their advanced, decompensated disease.

- Additionally, patients with a history of a heart transplant should be con-
sidered higher risk, given their immunosuppressed status, especially
those in the immediate postoperative state and at the highest intensity of
immunosuppression.

- Although there are less data in the PH population, patients with moder-
ate-severe PH should be considered higher risk, especially those who are
decompensated and being considered or listed for lung transplant.

- Patients with ACHD with advanced physiological stage, indicating more
advanced disease, should be prioritized.
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Cardiovascular diseases and related conditions
that can increase the risk of severe illness for
COVID-19

- Any acute cardiovascular diseases that require urgent treatment in the
hospital in the last 6 months.

- Pulmonary hypertension — a condition of increased blood pressure with-
in the arteries of the lungs

- Congenital heart disease in adult patients presented with heart failure
symptoms

- Coronary artery disease with uncontrolled chest pain or angina
- Advanced heart failure or patient underwent a heart transplant
- Severe obesity (with body mass index greater than 35 kg/m2

- Patients with at least 2 comorbidities or risk factors contributing cardio-
vascular diseases which fall out of desired ranges, such as uncontrolled
diabetes and hypertension.

- Patients with comorbidities and uncontrolled type 1 diabetes (insulin de-
pendent diabetes)

Key advantages of COVID-19 vaccines in pa-
tients with cardiovascular disease

- Patients with cardiovascular diseases should be vaccinated instantly
once their symptoms are under control.

- After vaccination, the immune system is activated to produce immunity
to protect the body against infections.

- Benefits of COVID-19 vaccines include:
- Killing the virus if the immunity is boosted adequately.

- Suppression of viral replication in the body, causing inability of the virus
to continue growing and multiplying.

- Prevention of viral integration into cells and minimizing the risk of infec-
tion.

- Prevention of disease transmission to others since viral replication in the
body can no longer continue.



- Once herd immunity is achieved, SARS-CoV-2 virus cannot further mul-
tiply. Thus, besides halting viral mutations, COVID-19 vaccination is an
important tool to help ending this global pandemic.

1 got ™
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ACC Health Policy Statement on Cardiovas-
cular Disease Considerations for COVID-19
Vaccine Prlorltlzatlon
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The Kidney and COVID-19 Infection



Hematuria

- A 10-year-old Caucasian female child, previously healthy, was admitted
to the emergency department with a one-day history of fever (38°C), mild
respiratory symptoms (cough and sore throat) and gross hematuria.

- Her physical examination was unremarkable.

- Urinalysis showed the presence of normally shaped red blood cells and
renal ultrasound showed no abnormalities. Renal function was normal.

- All nasopharyngeal swabs specimens were positive for the detection of
SARS-CoV-2 RNA and negative for all other respiratory viruses.

- Hematuria and renal injury have been commonly described in viral re-
spiratory infections including influenza A and B, adenovirus and other
pathogens.

- Cheng et al. reported hematuria in 26.7% of the patients.

- Another study involving 193 patients with COVID-19 infection has report-
ed that, at hospital admission, 59% of the patients had proteinuria, 44%
hematuria.

- Both proteinuria and hematuria are strongly associated with an increased
hospital mortality.

- In particular, the authors have shown that, at univariate analysis the
presence of proteinuria was associated with a 4 up to 11-fold increased
risk of in-hospital death compared with COVID-19 patients without kidney
damage, whereas hematuria increased the risk of death by 12 times.

- Microhematuria observed in some positive COVID-19 patients may be
manifestations of renal infarction.

Proteinuria

- > 40% of cases have proteinuria at hospital admission and > 60% of cas-
es have proteinuria during hospitalization.
- Cheng et al. have shown that among 710 consecutively hospitalized pa-
tients with COVID-19, 44% had proteinuria.
Greater incidence of proteinuria are demonstrated in patients with severe

or critically ill COVID-19 pneumonia (81.2% and 85.7%, respectively, ver-
sus 43.8%).
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Proteinuria (Case Report)

- We had a 65-year-old man who tested positive for SARS-COV-2 infection
and onset of nephrotic syndrome, without antecedent of kidney disease
and who had normal urine tests shortly before being affected by COVID-19.

- He had a moderate COVID-19 pneumonia.
- CANCA is positive. Pathological findings indicate a RPGN pattern.
- He was responded to pulse of steroid and cyclophosphamide.

KIDNEY DISEASES

Newly Diagnosed Glomerulonephritis During COVID-19
Infection Undergoing Immunosuppression Therapy, a Case
Report

Firouzeh Moeinzadeh,’” Majid Dezfouli,” Azar Naimi,”
Shahrzad Shahidi,"? Hazhir Moradi'#

During the COVID-19 pandemic, we had a 25 years old male case

weril
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Hypokalemia

- The high prevalence of hypokalemia among patients with COVID-19
suggests the presence of disordered rennin-angiotensin system activity,
which increases as a result of reduced counteractivity of angiotensin-con-
verting enzyme 2, which is bound by severe acute respiratory syndrome
coronavirus 2.

Causes of Hypokalemia

- Activation of the renin-angiotensin system (Kaliuresis)

- Loss of potassium through the gut

- Loss of appetite and poor diet due to the infection

- Kidney damage, perhaps due to direct viral cytotoxicity on tubular cells
- Drugs



Hypokalemia

- Hypokalemia is an independent predictor of invasive mechanical venti-
lation requirement and seems to be a sensitive biomarker of severe pro-
gression of COVID-19.

- Increased release of ADH because of gastrointestinal fluid losses (diar-
rhea, vomiting) or low oral fluid intake

SIADH induced by pneumonia, respiratory insufficiency or probably as a
result of the marked elevation of inflammatory cytokines (Interleukin-6).

Renal involvement and early prognosis in
patients with COVID-19 pneumonia

METHODS OUTCOME
ﬁ 333 patients [ > 75.4%: hematuria, proteinuria or AKI. ]
-confirmed COVID-19 @
> 198 patients
-renal involvement in cohort > 59.6%: pneumonia remission
> 12 days > 68.5% patients had remission of proteinuria

%

Among 35 patients who developed AKI, 16 (47.5%)
patients achieved recovery of kidney function

-the median observation

> Outcomes

> Patients with renal involvement had higher overall
mortality (11.2% vs 1.2%), compared to patients without

> Severity of pneumonia was the common negative risk
factor in the remission of renal involvement

-Remission of proteinuira
-Remission of hematuria
-Recovery of AKI
-Pneumonia remission

CONCLUSION

[Remission of proteinuria and hematuria is common in

patients with COVID-19 pneumonia, but renal involvement is AS N
associated with higher mortality. o 00 e st o 2 a0

Acute kidney injury (AKI) in patients hospitalized with COVID-19

Methods & Cohort Results
(" revosmect AILAKI Independent risk Disp of
L Briirias 1,993 (37%) factors for AKI patients with AKI
Older age B .
ﬁ 13 hospitals St:ﬁ,z 1 St;zﬂz 2 S?.Ig‘,z S Black race h'hE] Sl eghilie
in New York Hypertension 780 (39%)

Diabetes mellitus

D

SARS-CoV-2 H Cardiovascular disease ﬁ-ﬁ“ Dischar?ed
positive ISo8 Vasopressor use 519 (26%)
Zz Need for ventilation* ' . Died
000 N = 5449 802 *OR=10.7 0" 694 (35%)
T80 Age =64 (52.75) H (95%C] 6.8-16.7)
9 March 1 - ;5““ - en R
April 5, 2020 RN PR sl CONCLUSION:
initiation of mechanical ventilation AKI occurs frequently among Juatiems with
COVID-19. It occurs early and in temporal

P ] association with respiratory failure. AKI in
@ l ney Hirsch et al, 2020 COVID-19 is associated with a poor prognosis.
¥ INTERNATIONAL

AKI

- Acute kidney injury (AKI) is common among critically ill patients with
COVID-19, affecting approximately 20-40% of patients admitted to ICU.
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AKI

- Around 20% of patients admitted to an intensive care unit (ICU) with
COVID-19 require renal replacement therapy (RRT) at a median of 15 days
from iliness onset.

AKI in 997 COVID-19 patients in Baqiyatallah
Hospital

Total AKI - N (row %) p-value

FACTORS STRATA (N=997) NO YES
N (%) (N=712; 71.5%) (N=285; 28.5%)
COVID-19 Moderate 625 (62.7) 483 (77.3) 142 (22.7) <0.001
Severe 372 (37.3) 229 (61.6) 143 (38.4)
LOS (@ays) ~ Mean£SD 8:80£4.35 7.84£335 1119 £5.52 <0.001
Age (years)  Mean+SD Loz 7 550+ 147 60.8+ 13.9 <0.001
ICU Admission No 667 (66.9) 532 (79.8) 135 (20.2) <0.001
Yes
330 (33.1) 180 (54.6) 150 (45.5)
Diabetes No 504 (50.6) 415 (82.3) 89 (17.7) <0.001
Yes 493 (49.5) 297 (60.2) 196 (39.8)

Table 1. Potential causes of AKI in COVID-19 patients,

Renal Non-enal

Direct renal parenchymal infection Rhabdomyolysis-associated pigment nephropathy

Acute tubular njury (ytokine release syndrome

Podocyte injury Sepsis-associated mult-organ failure

Fibrin thrombus or fibrinoid necrosis Nephrotoxicity related to diagnostic and therapeutic interventions

Cardiorenal syndrome—heart-kidney crosstalk and lung-kidney axis

Pathophysiology of AKI in COVID-19

Multifactorial
Predisposing factors: sepsis, hypovolemia, and nephrotoxins

Cardiorenal syndrome, particularly right ventricular failure secondary to
COVID-19 pneumonia, might lead to kidney congestion and subsequent
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Left ventricular dysfunction might lead to low cardiac output, arterial un-
derfilling, and kidney hypoperfusion.

Pathophysiology of AKI in COVID-19

- SARS-CoV-2 can directly infect the renal tubular epithelium and podo-
cytes through an angiotensin converting enzyme 2 (ACE2)-dependent
pathway and cause mitochondrial dysfunction, acute tubular necrosis,
the formation of protein reabsorption vacuoles, collapsing glomerulopa-
thy, and protein leakage in Bowman’s capsule.

Pathophysiology of AKI in COVID-19

- Another potential mechanism of AKI involves SARS-CoV-2-related im-
mune response dysregulation, as indicated by observed lymphopenia and
cytokine release syndrome (cytokine storm).

Pathophysiology of AKI in COVID-19

- Other contributors to AKI might include rhabdomyolysis, macrophage
activation syndrome, and the development of microemboli and micro-
thrombi in the context of hypercoagulability and endotheliitis.

Fig. 1: Potential mechanisms of AKI in COVID-19.
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SARS-CoV-2 infection

Viral transduction of kidney cells. - 4 Haemodynamic instability

Collapsing glomerulopathy ( \ Ischaemic tubular injury
and tubular injury

Acute kidney injury
SARS-CoV-2 may rransdiuce podocyres, possibly leading ro collapsing glomeruloparhy.
Alternacively, tubular epithelial transduction could lead to tubular injury and acure kidney injury
(AKD. SARS-CoV-2 infection of lung parenchyma leads to systemic inflammation and microvascular
thrombosis, contriburing ro haemodynamic instabiliry. Peri-intubation hyporension may worsen

kidney perfusion, leading to ischacmic tubular injury and AKI.
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Table 2. Antiviral drugs used in COVID-19.
Drug Renal dose adjustment Renal side effect Additional feature
Azithromycin Careful use if GFR Rarely AKI, interstitial nephritis HD: No dose adjustment or supplemental dose necessary
<10ml/min PD: No dose adjustment or supplemental dose necessary
CRRT: No dose adjustment or supplemental dose necessary
Favipravir No valid data No valid data Renal clearance

Hydroxychloroguine None

Lopinavir/Ritonavir No valid data

Remdesevir Do not use GFR
<30mli/min

Tocilizumab None

No valid data for HD, PD or CRRT

Risk of renal insufficiency Cannot be removed by dialysis

in chronic use HD: No dose adjustment (expert opinion)

PD: No dose adjustment (expert opinion)
CRRT: No dose adjustment (expert opinion)

None Dose adjustment is not necessary in HD patients
Avaid once-daily dosing in HD patients
No recommendation for PD and CRRT

No valid data HD: Do not use
PD: Do not use
CRRT: Do not use

Nephrolithiasis No valid data for HD, PD or CRRT




Baricitinib in COVID-19

- eGFR 260 mL/min/1.73 m2: No dose adjustment
eGFR 30 to <60 mL/min/1.73 m2: Decrease to 2 mg/day
eGFR 15 to <30 mL/min/1.73 m2: Decrease to 1 mg/day

eGFR <15 mL/min/1.73 m2, patients on dialysis, have end-stage renal dis-
ease, or have acute kidney injury: Not recommended

COVID 19 and kidney transplantation

- Kidney-transplant recipients appear to be at particularly high risk for crit-
ical Covid-19 iliness due to chronic immunosuppression and coexisting
conditions.

Factors affecting the disease course in kidney
recipients

» » Infecton

COVID 19 infection in kidney transplant recipients:
Disease Incidence and Clinical Outcomes

METHODS

* Prospective study on
1216 patients actively
followed in  two
transplant centers in
Paris (799 at Saint-
Louis Hospital, and 417
at Bichat Hospital)

* Follow-up during the
peak period of COVID-

19 infection CONCLUSION

*  Sixty-six (5%) patients Kidney transplant recipients had an elevated risk of COVID-19 if they
diagnosed with COVID- were non-White and had comorbidities such as obesity, diabetes, or
19 disease. asthma and chronic pulmonary disease; those who were diagnosed

with COVID-19 had a 24% mortality rate.
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COVID-19 INFECTION IN KIDNEY TRANSPLANT RECIPIENTS AT THE
EPICENTER OF PANDEMICS

The prevalence of Overall mortality
SARS-CoV-2 infection %
was 23.4% in the 975
patients tested by
either RT-PCR or
SARS-CoV-2 1gG Older age, receipt of
Older patients and deceased-donor
patients with higher transplant, lack of
serum creatinine levels _|influenza vaccination in
were more likely the previous year and
diagnosed by RT-PCR | higher serum IL-6
compared to SARS. | levels were associated
CoV-21gG with mortality

CONCLUSION:
2% of kldnb transplant recipients were
219G positive without
A 2 Antoms and B0% of Kidney
pa tints doveloped an antibo

isih kidnev —

Systematic Review and Meta-analysis of COVID-19 and Kidney Transplant
Recipients, the South West London Kidney Transplant Network experience
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other p:
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Results from the ERA-EDTA Registry indicate a high mortality due to COVID-

19 in dialysis patients and kidney transplant recipients across Europe.
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Living and Deceased Kidney
Transplantation in Iran: 2019
vs 2020
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Living Transplantation in KSA: 2019 vs 2020 Organ Utilization & Tissue Recovery from
Deceased Donors During the COVID-19
Pandemic
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Management

- Management of acute COVID-19
- Adjusting immunosuppression
- Steroid therapy

- mTOR inhibitors

- Tocilizumab

- Several independent studies have shown that coronavirus replica-
tion and growth depend on active immunophilin pathways.

- Cyclosporine at non-cytotoxic concentrations induces a strong in-
hibition of the replication of several coronaviruses including SARS-
CoV2.

- The cyclosporine concentration required to inhibit virus replica-
tion exceeds by far the serum concentrations that typically are well
below 200 ng/mL.

CNI could be continued to be used in kidney
transplant patients for 2 different reasons.

- The ability of these agents to reduce viral replication, as demon-
strated by experimental studies on SARS-CoV.

- The assumption that they may have the ability to reduce a similar 32995 sl o5
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cytokine storm during the course of COVID-19, based on the effective-
ness of CNI in hemophagocytic lymphohistiocytosis and capillary leak
syndrome.
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Transcription of e.g. IL-2 in T-cells Coronavirus replication
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= In kidney transplant recipients using mTORi (everolimus or sirolimus),
there were also higher proportions of Treg.

- Tregs suppress effector T cell induction and proliferation, which pre-
vents cytokine storm.

W8 T L

|

CNI could be continued to be used in kidney
SARS-CoV-2 and Tacrolimus Blood Concentra-
tion in Kidney Transplant Recipients

covio
S No

Percentage ise from bassline to peak tacrolimus level

COVID-19 infection

Suggested algorithm for the management of the
COVID-19-positive kidney transplant recipient

Kidney Transplant Recipient
POSITIVE for COVID-19
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Agenda

- Introduction
- Thyroidal insults In COVID-19 and their management
Major Sequelae
Destructive Thyroiditis ,AIT
Minor Sequelae
NTIS
- Etiologic background for thyroidal insults in COVID-19

Introduction

- Recently, evidence has been accumulated for changes in:

- Thyroid function
- Thyroid diseases associated with COVID-19.

Thyroiditis an Underestimated Manifestation of SARS-CoV-2 Infection? Insights From a Case Series. J Clin
Endocrinol Metab (2020)

Alteration in thyroid functionality during SARS-
COV infection

The CoVs are subdivided into four genera2 such as
Alphacoronavirus

Betacoronavirus (RCoV)

Gammacoronavirus

Deltacoronavirus.

Since both SARS-CoV and SARS-CoV2 belong to the same B- Coronavirus
group, sharing the key clinical manifestations in common

Immune Responses to SARS-CoV, Mers-CoV andSARS-Cov-2. Adv Exp Med Biol (2020)
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Thyroid disease in SARS

- Transient subclinical thyrotoxicosis

- Central hypothyroidism

- Primary hypothyroidism

were previously reported in patients with SARS

Hypocortisolism in Survivors of Severe Acute Respiratory Syndrome (SARS). Clin Endocrinol (Oxf.) (2005)

Thyroidal insults in COVID-19 & management

- The consequences of COVID-19 were divided into major and minor influ-
ences on the thyroid gland and its function.

- Thyroid disease process related to autoimmunity tend to occur earlier in
the subjects with preexisting autoimmunity to the thyroid gland

Major Sequelae

- Damage to the thyroid per se and suppression of TSH by thyrotoxicosis
together cause extremely low thyroidal uptake of radioiodine.

- Thyrotoxicosis in SAT commonly subside within 3 months
Thyroiditis. N Engl J Med (2003)348:2646-55. doi: 10.1056/NEJMra021194

Subacute Thyroiditis (SAT)
Destructive Thyroiditis / Subacute Thyroiditis (SAT)

- This is an inflammatory disorder, usually with a painful goiter, palpita-
tion, fever and fatigue.

- Elevated CRP and ESR, together with focal hypoechogenic areas in the
thyroid gland are characteristic laboratory findings of SAT

Clinical Characteristics of 852 Patients With Subacute Thyroiditis Before Treatment. Intern Med (2008)



- Viral infection such as human foamy virus (HFV), mumps, coxsackie,
adenovirus, EBV, measles, chickenpox, CMV, influenza, and rubella have
all been implicated as a cause of SAT

- An association of HLA and SAT was also reported

- To date, a total of 13 cases of SAT with COVID-19 have been reported.
- Most reports (7/13, 54%) were from lItaly.

- Patients were distributed across all generations (18-69 years old) with
overwhelming female predominance (11/13, 85%).

- The onset of SAT ranged from ‘7 weeks before’ to ‘7 weeks after’ the di-
agnosis of COVID-19.

- Fever was a common symptom in the patient with COVID-19 irrespective
of the presence or absence of SAT so that it cannot be taken as a sign of
SAT in this situation.

- Accordingly, thyroidal pain and tenderness are diagnostic clues for SAT
with the combination of thyrotoxic signs and symptoms such as palpita-
tions, finger tremor, hyperhidrosis, and soft stool.

- The patients usually show:
Increased FT3 and FT4
Decreased TSH.

- lzumi previously reported that: mean (SD) value for FT3 to FT4 ratio was
0.399 (0.089) in GD
0.335 (0.057) in SAT
0.304 (0.072) in PT)

- The lower FT3/FT4 in the presence of thyrotoxicosis can be a marker for
thyroiditis, not Graves’ hyperthyroidism .

Simple and Practical Parameters for Differentiation Between Destruction-Induced Thyrotoxicosis and Graves’
Thyrotoxicosis. Clin Endocrinol (Oxf) (2002)

- A hypoechogenic area in the thyroid, either focal or diffuse, was found in
the majority of them

- Echogenic evidence for increased vascularization was absent in all of
the patients tested

- Thyroid autoantibodies (TSH receptor autoantibody (TR Ab), Tg Ab, and
TPO Ab) were seldom positive
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Atypical SAT

- Muller et al. reported a high frequency of atypical SAT in their patients
with COVID-19.

- They reported that 13 out of 85 (15%) COVID-19 patients admitted to their
high-intensive care units (HICU20) had overt thyrotoxicosis

- Corresponding value was 1% in the HICU patients without COVID-19
(HICU19)

2% among patients with COVID-19 in the low-intensive care units (LICU20).
Atypical Thyroiditis. Lancet Diabetes Endocrinol (2020)8:739-41. doi: 10.1016/S2213-8587(20)30266-7

Subacute Thyroiditis (SAT)

As an entire group:
- Mean (SD) FT4 in patients in HICU20 was, 18.7 (5.4) pmol/l
- LICU20 was 13.5 (4.6) pmol/l (significantly higher (P = 0.016).

Atypical SAT

- The authors named these patients ‘atypical’ because thyroidal pain and
swelling were absent.

- Despite such ‘atypical’ physical findings:

Focal hypoechogenic areas

Decreased 99mTc uptake

Negativity of thyroid autoantibodies (except for one patient)

- were all present as in the typical subacute thyroiditis, which made them
propose the new concept, ‘atypical SAT’.

Temporal profile of development of thyroid dis-
ease "

F Hashimoto’s Thyroiditis
i with pre-existing | duetodenovo induction of
i s ttoi




Thyrotoxicosis & hypothyroidism

- Lania et al. In 287 non ICU bed COVID-19 patients reported that :

- Thyrotoxicosis developed in 58 patients (20%) , possibly provoked by
systemic inflammation or immune activation induced by COVID-19.

- Out of the 58 thyrotoxic patients, thyrotoxicosis was clinically overt in
31 (53%).

- Hypothyroidism in (5%) 15 out of the 287

Thyrotoxicosis in Patients With COVID-19: The THYRCOV Study. Eur J Endocrinol (2020)

Thyrotoxicosis

- In the entire group, there was a strong, inverse correlation between IL-6
and TSH (Spearman rho = -0.41, P < 0.001)

- Indirectly suggesting at least a partial contribution of inflammatory de-
struction of the thyroid to the elevation of thyroid hormone.

- The patients with thyrotoxicosis (TSH < 0.34 mlU/l) had significantly
higher levels of the mean serum IL-6 than those without thyrotoxicosis
(P < 0.05) (most of them > 10 pg/ml with the reference range < 6.4 pg/ml)

- Suggesting inflammation due to COVID-19 infection, as indexed by ele-
vated IL-6, was a driving force for the thyroiditis

- They concluded that COVID-19 may have provoked thyrotoxicosis.

- In summary, thyrotoxicosis may occur in 10-20% of the patients with
COVID-19.

- Increased IL-6 were also reported by Bartalena et al. in cases of destruc-
tive thyroiditis.
Interleukin-6 and the Thyroid.nEur J Endocrinol (1995) 132(4):386-93. doi: 10.1530/eje.0.1320386

Serum IL-6

- IL-6 has been reported to be involved with various autoimmune and in-
flammatory diseases .
- Serum IL-6 can predict disease severity in patients with COVID-19.

Profiling Serum Cytokines in COVID-19 Patients Reveals IL-6 and IL-10 Are Disease Severity Predictors.
Emerg Microbes Infect (2020)
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Management of SAT& Atypical SAT

- SAT is treated with 16-40 mg/day prednisolone followed by tapering with-
in 4-6 weeks.

- Atypical SAT is a self-limiting disorder, and therefore can be observed
without specific pharmacological treatment.

Autoimmune Thyroid Disease (AITD)
Painless Thyroiditis (PT) Painless Postpartum Thyroiditis (PPT)

- These disorders may belong to destructive thyroiditis, and also may be
subtypes of autoimmune thyroid disease (AITD) ,although painless SAT
may also occur if the inflammatory response is mild

Painless thyroiditis

- Majority of the patients with PT and PPT:

1-initially experience a mild thyrotoxic phase with elevated thyroid hormone and
depressed TSH

2- Followed by depressed thyroid function

3- Recovery to normal within several months, i.e., spontaneous resolution of the
thyroid dysfunction.

Painless thyroiditis

- Autoimmune associated thyroiditis with COVID-19 may preferentially be
observed in the subjects who possess susceptibility to AITD

- Because the patients who experienced PT and PPT in association with
COVID-19 often developed thyroid autoantibody positivity 1-1.5 months later.

- Such patients may share HLA genotypes with patients with AITD



Painless Postpartum Thyroiditis

- PPT patients who had both TPOAb and TgAb often have an increased
percentage of activated T cells, such as HLA-DR+ and CD3+ cells, in the
peripheral circulation.

- Thus, alteration in the T-cell population may be predisposed to or asso-
ciated with the development of PPT

Painless Postpartum Thyroiditis

- Elefsiniotis et al. encountered the development of PPT in 4 out of 16
chronic HCV-infected women, proposing “viral triggered PPT” as a sub-
type of the thyroiditis.

- Altered cell populations in patients with HCV infection have been con-
sidered as a reflection of Th1/Th2 imbalance

Graves’ Disease (GD) and Hashimoto’s Thyroid-
itis (HT)

AITD

- The AITD’s are a constellation of thyroid-specific autoimmune diseases,
and Graves’ disease (GD) and Hashimoto’s thyroiditis (HT) are the two
major disorders included in this entity.

- GD is characterized by TSH receptor antibodies (TRAb) which stimulate
the thyroid follicular cells leading to hyperthyroidism.

Hashimoto’s Thyroiditis

- HT is characterized by the positivity of thyroglobulin autoantibody
(TgAb) and thyroperoxidase autoantibody (TPOADb).

- Hypothyroidism in HT is due to T-cell mediated damage of thyrocytes
and interstitial fibrosis.
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Graves’ disease

- The serum thyroid autoantibodies such as TgAb and TPOAb are often
also positive in GD.

- Transitions of patient from GD to HT and vice versa are not uncommon,
and a positive family history for GD often overlaps with that for HT.

- Provocation or activation of AITD by COVID-19 toward the seemingly op-
posite direction, to GD or HT, can be understood from these perspectives.

- The association of viral and non-viral infection and AITD has often been
suggested.

- For example, serological evidence of infection with human herpesvirus-6
(HHV-6), and toxoplasma gondii, HCV was obtained from patients with
AITD at, or around, the time of diagnosis of AITD.

- However, it remains to be determined whether the infection was causal
for the development of the thyroid diseases or just innocent bystanders.
- The relationship between SARS and AITD also has not been described
with certainty.

- Two cases of GD with COVID-19 were reported by Mateu- Salat et al:
1- one case was a relapse of hyperthyroidism in a 60- year-old woman in whom
GD had been in the state of drug-free remission for longer than 30 years.

2- The other was the development of GD in a 53-year-old woman without a
known history of thyroid disease.

- Cervical pain was absent and Graves’ ophthalmopathy was equivocal in
both of these cases.

- Despite such ambiguity in signs and physical findings, the serum thy-
roid hormone were indeed elevated and TSH suppressed, thyroid iodine
scintigram uptake increased and TRAb was positive, so that they were
diagnosed as GD.

- The timing of the diagnosis of GD was 1 and 2 months after the onset of
COVID-19 in the former and the latter, respectively.

- A 21-year-old woman presented with tachycardia, palpitation, anxiety,
and finger tremor 17 days after the diagnosis of COVID-19.

- Her mother had hypothyroidism.



- A diffuse, non-tender, moderate-sized goiter was present.

- Elevated thyroid hormone and suppressed TSH , and the positivity of
TRAD indicated the diagnosis of GD.

- Graves’ ophthalmopathy or dermopathy was absent.

- The three patients with GD responded to thiamazole and 8 blocker un-
eventfully.

Hashimoto’s Thyroiditis

- A 45-year-old man with COVID-19 who presented with fatigue and muscle
weakness was diagnosed as HT, based on the hypothyroidism with the
positivity of TPOAb and successfully treated with 25 mg/day L-thyroxine.

- In the patients with AITD, depending upon the different background thy-
roid autoimmunity, a variety of organ-specific autoimmune abnormalities
may be provoked or activated upon SARS-CoV- 2 infection.

Abnormal TFT

- Liu et al. reported that 25 out of a consecutive 191 (13%) patients with
COVID-19 showed abnormal results in thyroid function tests.

Ten patients had isolated low TSH, suggestive of subclinical thyrotoxico-
sis: one of them was positive for TPOAb and TRAb, and two of them were
positive for TRAb

Therefore, the three might have had subclinical GD.

- Apart from the ten patients, there was a patient with isolated high FT4
and another with high FT4 and low FT3, who were also positive for TRAb
leaving the possibility of mild GD.

- Three patients:

The first one with isolated high FT4 with TgAb positivity

The second with isolated TSH elevation with positive TPOAb and TgAb
The third with low TSH and FT3.
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Abnormal TFT

- The remaining ten patients with isolated low FT3 were compatible with
non-thyroidal illness syndrome, and one patient was positive for TRAb
and TPOAD .

- Overall, 14/191 (7%) had features of thyrotoxicosis, diagnosed by low
TSH and/or raised FT4.

- The authors reexamined 10 of the 25 patients a median of 28 days after
the initial thyroid function test and found normalization, permanent hypo-
thyroidism, and various stages of thyroiditis in evolution, with no uniform
recovery.

Management of AITD in COVID-19

- PT and PPT are self-limiting disorders, and therefore can be observed
without specific pharmacological treatment.

- Regarding the management of GD, treatment of thyrotoxicosis by thion-
amide drugs is usually safe, but should be performed with caution.

- This is because the signs and symptoms of COVID- 19 are indistinguish-
able from those of anti thyroid drug-induced agranulocytosis.

- Hypothyroidism due to HT can be treated by a regular L-T4 supplement.

Management of AITD in COVID-19

- PT and PPT are self-limiting disorders, and therefore can be observed
without specific pharmacological treatment.

- Regarding the management of GD, treatment of thyrotoxicosis by thion-
amide drugs is usually safe, but should be performed with caution.

- This is because the signs and symptoms of COVID- 19 are indistinguish-
able from those of anti thyroid drug-induced agranulocytosis.

- Hypothyroidism due to HT can be treated by a regular L-T4 supplement.



Management of AITD in COVID-19

- PT and PPT are self-limiting disorders, and therefore can be observed
without specific pharmacological treatment.

- Regarding the management of GD, treatment of thyrotoxicosis by thion-
amide drugs is usually safe, but should be performed with caution.

- This is because the signs and symptoms of COVID- 19 are indistinguish-
able from those of anti thyroid drug-induced agranulocytosis.

- Hypothyroidism due to HT can be treated by a regular L-T4 supplement.

Minor Sequelae

Non-Thyroidal lliness Syndrome

- A systemic disease of any kind, if it is critical, causes the nonthyroidal-
iliness syndrome (NTIS), characterized by low T3 levels as a result of
changes in type 1 deiodinase activity.

- Patients in the ICU typically present with decreased serum T3, normal or
low T4, and normal or slightly decreased TSH.

Prevalence of Non-Thyroidal lliness

- 28% (41 out of 149 patients with COVID-19) fitted the diagnosis of NTIS
(FT3 levels < 2.3 pg/ml). (Zou et al.)

- FT3 were significantly lower in patients with
- Severe COVID-19 (66 out of 100: 66%) versus
- Mild COVID-19 patients (34 out of 100: 34%) (Gao et al.)

Non-Thyroidal lliness Syndrome

- In a consecutive evaluation of deceased (N = 113) and recovered (N =
161) COVID-19 patients, levels of TSH and FT3 on admission were signifi-
cantly lower in the former.

- Low FT3 is commonly associated with, or predictive, of an intractable
form of COVID-19.
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- Another group found that total T3 levels were inversely correlated with
the severity of COVID- 19.

Non-Thyroidal lliness Syndrome

- Nonetheless, the data should be interpreted carefully because a signifi-
cant proportion of the patients (31/50: 62%) were taking glucocorticoid at
the time of the hormone measurements .

- Somewhat differently, Khoo et al. reported that 289 out of 334 (87%) pa-
tients with COVID-19 were euthyroid.

- They recognized that patients with COVID-19 had lower TSH and FT4
compared to those who did not have COVID-19.

- They also reported that TSH and FT4 were both depressed upon admis-
sion for the treatment of COVID-19 compared to the pre-hospital baseline
levels

- They also reported that patients who were admitted to the ICU had lower
TSH than those treated at the non-emergency ward.

- There was a significant inverse correlation between cortisol and TSH
and between CRP and TSH, and a positive correlation between CRP and
FT4 levels

- The findings suggested stress-induced suppression of TSH in COVID-19.

- At least partial recovery of TSH toward the baseline was observed at the
follow-up at several months later.

- Elevated serum cortisol in patients with COVID-19 were reported, and
hypercortisolism has been reported to suppress TSH.

- This change in TSH may be likely due to the changes in deiodinase ac-
tivity in CNS.

Management of NTIS in COVID-19

- Since NTIS is due to the systemic dysfunction by COVID-19, the treat-
ment for COVID-19 is essential to obtain normal thyroid functional test
results.



AITD Patients Response to COVID-19

- Gerwen et al identified 251 patients with hypothyroidism receiving thy-
roid hormone replacement among 3,703 patients with COVID-19 (251/3703,
7%)

- They concluded that hypothyroidism was not associated with an in-
creased risk of hospitalization, mechanical ventilation, or death in pa-
tients with COVID-19.

Etiologic background for thyroidal insults in
COVID-19

Hyperinflammatory Syndrome

- COVID-19, especially in its severe form, is associated with a hyperinflam-
matory syndrome

- Similar hypercytokinemia with multiorgan failure seen in SARS.

In COVID-19:

- Proinflammatory /Th1 cytokine production is increased
- Th2 cytokines increased

- which was a different picture from SARS .

Pathogenetic role of cytokines in development of thyroiditis and flare-up
of the thyroid autoimmunity.

In COVID-19 dormant AITDs such as GD and HT become clinically overt
by:

1- Th2-mediated autoantibody production

2- Th1-mediated cellular immunity

3- exaggerated further by Treg dysfunction.

- Significant positive correlation between serum IL-6 and the degree of
thyrotoxicosis in patients with COVID-19.
- The finding suggested that elevation of IL-6 and/or cytotoxic effects of

T-cells during the hyperinflammatory syndrome might be causal for thy-
roidal destruction of the thyroiditis in COVID-19.
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Apoptosis

- The pathological findings in the three cases of COVID-19 :
- Apoptosis of follicular cells in the absence of the virus itself in thyrocytes
- Suggesting, cytokine mediated thyroid insult in SARS and COVID-19.

Hyperinflammatory Syndrome

- As a conclusion

- The hyperinflammatory syndrome in COVID-19 appears to provoke AITD
such as GD, HT, PT, and PPT in some patients and activate otherwise dor-
mant diseases into a clinically recognizable state in others.

1- SARS-CoV-2
infects systemic organs through acquired immunity (1a innate immunity
(1b

2- SARS-CoV-2 epitope peptide is presented on the surface of HLA, and
T-cell recognizes the epitope peptide.

3- Hyperinflammatory syndrome and cytokine storm occur.

4- Thyroid gland is damaged by immune cells.

5- Thyroid autoantigen is shedding into circulation, which is also present-
ed on the surface of HLA.

6- Finally, AITD develops as a consequence of new provocation of the dis-
ease or activation of previously existing dormant disease.
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Angiotensin-Converting Enzyme 2 (ACE2)
on Thyroidand Pituitary Cells

- In many organs including the lung, Gl, the liver, the kidney, the skin, the
heart, the hematopoietic cells, and the spleen, a direct cellular change by
the virus was documented during COVID-19.

- ACE2 expression has been known to impair thyroid function and also the
function of the anterior pituitary gland during COVID-19

- So far, the existence of SARS-CoV-2 in the thyroid gland and pituitary
gland is not clear by examinations of light microscopy, immunohisto-
chemistry, electron microscopy, and quantitative RT-PCR

- Viral particles of SARS-CoV-2 were found in the frontal lobe of the brain
and brain capillary endothelial cells .

- The SARS-CoV-2 infection has been known to impair olfaction and taste
sense by affecting CNS.

- Although clear evidence is lacking, infection of the thyrocyte, thyrotroph
and corticotroph may result in lowered T3, T4, TSH, ACTH and cortisol.

- The dysregulation of the hypothalamic-pituitary-thyroid axis has been
considered at least in part responsible for hypothyroidism in COVID-19.

CONCLUSIONS

- Our understanding of the thyroidal manifestation of COVID-19 is far from
complete as is the etiologic view of COVID-19 and thyroid insults.

- Although case reports are definitely important in helping us understand
the association, future research, hopefully in a prospective manner with
longitudinal analyses, is required.

- This would involve the histologic and cytological examination of the thy-
roid gland in a large number of patients in order to identify direct evidence
regarding the nature and cause of thyroid damage with the COVID-19 virus
and the detailed immune response in those patients with thyroid dysfunc-
tion.

- We need to clarify if thyroid autoimmunity in COVID-19 is an innocent-by-
stander or another culprit in its severity.
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Introduction

- Covid 19 - transmitted by respiratory

- Droplets — infect pulmonary cell ACE2,TMPRSS2

- December 2019 - Wuhan

- March 12 2020 WHO - Pandemic

- Pregnant woman - greater risk complication & severe disease
\”

- FIGO - recommend suspension routine antenatal care
\’

- Replacement video or telephone consultation

Ausie of severe disease i
OR QAR NNy

Introduction

-Shift CD4 T - Th2 * - Th1l altered clearance of infected cell
- Decrease in circulating NK cell
NK - role in the innate immune system — clear viruses

- Decrease in circulating plasmacytoid dendritic cells (PDCS) - produc-
tion type | interferon |

- Increase progesterone > CD4 T cell! - Alteration immun system

- Respiratory system — reduction in total lung capacity — inability clear
secretion - severe respiratory infections

Prevention

- PPE & Hand hygiene
- vaccines
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Clinical findingSign & symptoms

-Fever, cough, headache, muscle aches, sore throat, shortness of breath,
loss of taste or smell, nausea & vomiting, fatigue, diarrhea, rhinorrhea

Laboratory

- CBC, CRP - LFT, BS, LDH

- BUN, Cr - Di-Dimmer, procalcitonin, troponin
Imaging

- Chest X Ray - Chest CT

Impact of covid-19 on pregnancy

1- Early pregnancy - miscarriage - Teratogen
2- Late pregnancy

Preterm birth, Preeclampsia

Still birth, PROM, IUGR, C/S
3- Hospitalization, ICU admission mechanical ventilation
33995 (slad 6L 4- Intrapartum transmission 2.9-3%
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classification

1. Asymptomclassificationatic
Mild: fever, cough, sore throat, malaise chest normal

Moderate: imaging + Sa02>94%

> wonN

Severe: RR>30, Sa02<94%
Pao2/FI02<300 Lung infiltrates> 50%
5. Critical: respiratory failure

shock, multi organ dysfunction mortality rate 0.8%

pregnancy

- Respiratory disorder - Cardiac disorder (arrhythmias, cardiomyopathy)

- Thromboembolic - Secondary infection
- Acute kidney failure - Neurologic
- Cutaneous - Gastrointestinal and liver

- Psychiatric illness

Prenatal care

- Uninfected pregnant person ACOG, SMFM, RCOG recommend
- Modify prenatal visit (Telemedicine)

- Psychological

- Infected Pregnant

- asymptomatic and mild disease
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Close monitoring, self isolation, hydration
warning symptom

- Worsening dyspnea
- Fever> 39
- Inability to tolerate oral hydration
- Chest pain
- Confusion
- Obstetric complication
- RR220-24/min (Hospitalization), RR>100/min
- Symptomatic patients (in hospital multidisciplinary team)
- Patient with severe or critical; (ICU admission)
(Level lll, IV hospital with obstetric services)

Close monitoring, self isolation, hydration
warning symptom

A- Maternal respiratory support
SP02295%

If SPO2295% — measure the partial pressure of oxygen
(Pao2)> 70% is desirable

B- Prone position

C- VTE prophylaxy

- UFH :

1. First Trimester: 5000U/BID

2. Second Trimester: 7500- 10.000U/BSD
3. Thired Trimester: 10.000U/BID

- LMWH (40mg/daily)



C- Steroids
1-Dexamethasone (Fetal lung maturity) 26-34 week gestation
6mg/BID for 24 hors

2- Dexamethasone 6mg/daily for 10 days or methylprednisolone, Hydro-
cortisone

D- Use of Nsaids

1- Nsaids: lowest effective dose for us hours

2- Low dose aspirin - safe

E- Antiviral drug therapy

1- Remdesivir - 7-10

2- Tocilizumub - inter leukin-6 antagonist other therapy
- Convalescent plasma

- Monoclonal antibody

- Hyper immune globulin

Timing of delivery

1- Non severe or asymptomatic illness 392 delivery

39< no medical/ obstetric indication for delivery - intervention is not
indication

2- Severe/critical illness

- Severe disease but not intubated delivery> 32 to 34 weeks in setting worsen-
ing status <32 delivery not indicated critical

- Severe diseas and intubated
32-34 weeks delivery

- Other consider delivery hypoxemic respiratory failure or worsening critical ill-
ness

Fetal monitoring
Indication: viable gestational ege 14 days after symptom resolution
- In patients with stable Sao2: NST: Ultra sound for fetal biometry & fetal

1-2 daily growth

- In ICU patients: Continues monitor- - Fetal anomaly scan: 18-23 weeks af-
ing ter then

- After recovery: Fetal sulvieillanee
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- Vaccination

- Covid In Pregnancy Guideline

Women produce more antibodies

- 1st Type of Delay
- 2nd Type of Delay
- 3rd Type Of Delay
- Preventable Cause Of Maternal Death
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Oral & Maxillofacial manifestations of Covid-19

Introduction

- Since Angiotensin-Converting Enzyme 2 (ACE2) and Transmembrane
Serine Protease (TMPRSS2 and TMPRSS4) were described as the host
factors associated with SARS-CoV-2 entrance in human cells, the scien-
tific community has been putting effort to identify organs at higher risk of
infection or with predictive signs and symptoms for severe coronavirus
disease 2019 (COVID-19; Dong et al. 2020; Lippi et al. 2020; Huang et al.
2021).

- Oral cavity is a potentially relevant infection axis with further inflamma-
tory response

- The expression of ACE2 and transmembrane serine protease in salivary
glands and oral mucosal epithelia, associated with a confirmed infection
by SARS-CoV-2, may also play a role in the virus transmission via saliva,
even in asymptomatic individuals

- In some cases, Oral manifestations are the first symptoms and may help
early diagnosis and early treatment.

- Role of disease severity in OMF symptoms
Mild to moderate (Before or At the same time)
Severe (7 to 24 days after onset symptoms)
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Many OMF manifestations may occur

- Taste changes

- Xerostomia

- Irregular ulcers

- White and erythematous plaque

- Blisters

- Petechiae

- Desquamative gingivitis

- Mucormycosis

- Erythema multiform

- Glossitis

- Parotitis

- Halitosis

- Angioedema

- Dental pain (Under expression of ACE2 in dental pulp may worsen pul-
pitis)

- Jaw pain (Palate, Maxilla, ...)

- Angina bullosa hemorrhagic-like lesion
- Angular cheilitis
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OMF manifestations

- Direct
- Indirect

- Specific
- Non specific
The prevalence of OMF signs and symptoms and whether they result in di-

rect SARS-CoV-2 infection or merely represent secondary manifestations
are paramount
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A Prevalence of Taste Disorders in Patients with COVID-19
(n= 59998 patients)

Taste Disorder (95% CI=33-43; 12=99%)

Hypogeusia (95% CI=26-42; 1?=96%)

Dysgeusia (95% CI1=26-40; 1?=97%)

Ageusia (95% CI=19-34; 12=99%)

T 1
0 10 20 30 40 50 (%)

Prevalence

B Worldwide Prevalence of Taste Disorders in Patients with COVID-19

33%
¥

North

America

L ]
24% . a8
(12-38) @
~

Latin - )

America Africa
(g?;{:) Oceania

Xerostomia

- Data from 1,017 patients with COVID-19 was pooled, and the meta-analy-
sis showed a prevalence of 43%

- Xerostomia seems to appear before the onset of other general COVID-19
symptoms



Xerostomia

- Although xerostomia might be an unspecific symptom with multiple
causes, hyposalivation is the main etiologic factor

- Regarding the occurrence of xerostomia in COVID-19, It is also suggest-
ed the association with medications, nasal congestion and mouth breath-
ing, nutritional deficiency, diabetes, and the anxiety and distress related
to the pandemic or long-term hospitalization

- Whether these signs and symptoms are directly associated with
COVID-19 is still a controversial topic.

- The hypothesis suggests that SARS-CoV-2 effects on salivary glands
might result in salivary quality and flow impairment, leading to taste dis-
orders, xerostomia, and halitosis

- Xerostomia may also occur as a rare side effect of covid-19 vaccine

Halitosis

- Halitosis was reported in a case series with 18 patients (Riad et al. 2021)
and by 10% of 573 patients with COVID-19 from a cross-sectional study
(Abubakr et al. 2021)

- However, a meta-analysis was not feasible, and more studies are neces-
sary to assess this condition.

Oral Mucosal Lesions in Patients with COVID-19

- Aphthous-like oral ulcer was the most common oral lesion
- Herpes-like lesions

- Candidiasis

- glossitis/depapillation/geographic tongue

- Mucormycosis

- Parotitis

- Angular cheilitis

- Tongue was the most common specified anatomic location for oral le-
sions
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A The most common oral signs reported in patients with COVID-19

25
20
w
2
5 15
7
5
°
Z 10
5
0 - .
Aphthous-like  Herpes-like Fungal Glossitis, Parotitis Angular
Oral ulcer lesions infections ~ depapillation, and cheilitis
geographic tongue
B Occurrence of oral lesions according to anatomical location

(n= number of lesions)

Upper lip (n=8)

Palate (n=24)

&

Parotid gland (n =22 )

Gingiva (n=17)
Tongue (n=77)

Buccal
mucosa (n=15)

Labial commissure (n=19)

Mouth floor (n=1)

Retromolar (n=1)

Oral mucosa

unspecified site (n=130) Unspecified lips (n=32)

Mucormycosis

- Evaluating systemic condition of patient
- Diabetes

- Immunosuppression

- Very high ferritin level

- Importance of early diagnosis by clinical examination, Imag-
ing, Culture and Biopsy

- Clinical manifestaion in oral region:
- Single necrotic ulcer usually on palate that may expose underlying bone
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- Ulcers with black color in covid patient ’ PR T 2

T dld ) !
- Nasal congestion ST i
- Eye symptoms '

- Black exudates from mouth or nose

1)
75

- Treatment:

- Surgery

- Antifungal therapy
- Follow up

- The triad of xerostomia, taste dysfunction and oral mucosal lesions is
common in patients with COVID-19 regardless of their direct or indirect
infectious nature.

- Professionals should be aware of persistent symptoms and long-term
post-acute complications in patients with COVID-19.
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Pandemic

What we know about COVID-19?

= According to the WHO, the virus comes from a family of Coronaviridae (CoV). It is officially

named as SARS-CoV-2

*Coronaviruses have caused everything from the common cold to the well-known Middle East

Respiratory Syndrome (MERS-CoV) and Severe Acute Respiratory Syndrome (SARS-CoV).

=It's a novel strain (nCoV) discovered in 2019, transmitted between both animals and people with

incubation period of 2-14 days after exposure.
*Human-human transmission is more common

*MNo known treatment or immunization

Evidences suggest ....

* Individuals with cancer are more susceptible to infection than individuals without cancer .5uch

patients might be at increased risk of COVID-19 and have a poorer prognosis.

*While timely screening is important, the need to prevent the spread of coronavirus and to

reduce the strain on the medical system is more important right now.

*Routine visits to health facilities are safe and regular screening tests should be rescheduled after

the restrictions to slow the spread of COVID-19 are lifted,
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AIM

* Reduce exposure to CoV(high CFR)
= Not to loose control over cancer = intact anti cancer efficacy.

= Reduce work load = manpower and infrastructure become available for COVID treatment.

Cancer-specific case fatality rate

= Most comprehensive data available to date is a Report of the WHO-China Joint Mission on

Coronavirus Disease.

= This report indicates that in China, as of the data cut-off (February 20) the case fatality rate for

patients with cancer as a comorbid condition and laboratory confirmed infection was 7.6%.

= This is as compared to: overall 3.8%, no comorbid condition 1.4%, cardiovascular disease 13.2%,

diabetes 9.2%, hypertension 8.4%, chronic respiratory disease 8.0%.

https.//www.who.int/docs/default-source/coronaviruse/who-china-joint-mission-on-covid-19-final-report.pdf

Guidance from ASCO on Cancer patients care during the COVID-
19 outbreak

* Elective surgeries at inpatient facilities to be rescheduled if possible.

= Systemic treatments like chemotherapy and immunotherapy, leave cancer patients vulnerable
to infection. But stopping anticancer or immunosuppressive therapy is not recommended, as
there is no direct evidence to support changes in regimens during the pandemic.

* For patients already in deep remission and receiving maintenance therapy, stopping treatment
may be an option.

= Patients advised to switch from IV to oral therapies, which would decrease the frequency of
clinic visits.

https://www.asco.org/asco-coronavirus-information/care-individuals-cancer-during-covid-19
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MSK Manifestations of COVID-19

M. Abolghasemian, MD
Orthopedic Surgeon, Arthroplasty Fellowship
Shafa Hospital, Iran University of Medical Sciences

Disclosure

- Director of the “Ortho Response to COVID-19 pandemic”

- Delegate for the MSIS guideline for “Resuming Elective Surgeries in the US”
- Editorial Board at JROS, RAA

- Reviewer for JBJS, JOA, The Knee ...

- Consultant at Ortho Medical Companies

COVID MSK manifestations
- Direct effects of the virus

- Effects of hyper-coagulation/ inflammation
- Side effects of prevention/ treatment

Direct virus effects
ACE2 or TMPRSS2 receptors are the main sites for virus entry to the cell
Either ACE2 or TMPRSS?2 is expressed in

- muscle - cartilage
- Menisci - synovium
- bone

Direct virus effects

- Myalgia

- Fatigue

- Arthralgia/ Arthritis

- Osteonecrosis

- SK infections (Consumption Immuno-compromisation)
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Effects of hyper-coagulation/ inflammation

-VTE

- Stroke

- osteonecrosis

- limb gangrene (COVID-19 toes)
- pressure sores

- COVID toes

VTE

Osteonecrosis
- Prevention
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Side effects of prevention/ treatment
- Sedentary life style leading to decompensation, MSK pain

- Pressure sores

- MSK infections

- Osteonecrosis

- Osteoporosis

Treatment

- Prevention of osteoporosis and osteonecrosis
- Specific treatment for distinct pathologies

- Acetaminophen/NSAIDs for nonspecific pain

- Exercise-based regimes

- Multi-disciplinary support

- Orthopaedic rehabilitation
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Introduction

- Coronaviruses are important human and animal pathogens. At the end of 2019,
a novel coronavirus was identified as the cause of a cluster of pneumonia cases
in Wuhan, a city in the Hubei province of China. It rapidly spread, resulting in an
epidemic throughout China, followed by an increasing number of cases in other
countries throughout the world. In February 2020, the World Health Organization
(WHO) designated the disease COVID-19, which stands for coronavirus disease
2019. The virus that causes COVID-19 is designated severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2); previously, it was referred to as 2019-nCoV.
The WHO declared COVID-19 a pandemic on March 11, 2020.

Assessment of severity

- We use the definitions of severity provided in the multicenter interim guidance on
the use of antivirals for children with COVID-19:

- Mild or moderate disease — No new or increased supplemental oxygen require-
ment

- Severe disease — New requirement for supplemental oxygen or increased require-
ment from baseline without new or increased need for ventilatory support (nonin-
vasive or invasive)

- Critical disease — New or increased need for noninvasive or invasive mechanical
ventilation, sepsis, multiorgan failure, or rapidly worsening clinical trajectory

Management of hospitalized children

- Provision of respiratory support, including supplemental oxygen and ventilatory
support (noninvasive or invasive); respiratory status may change suddenly after
approximately one week of symptoms.

- Provision of fluid and electrolyte support.

- Provision of empiric antibiotics as indicated for community-acquired or health
care-associated pneumonia; continuation of empiric antibiotics should be deter-
mined by cultures and other microbial tests and clinical condition. Bacterial coin-
fections appear to be infrequent.

- Monitoring for cytokine release syndrome by monitoring blood pressure for hypo-
tension, oxygen saturation for worsening hypoxemia, and biomarkers.

- Provision of thromboprophylaxis — Interventions to reduce the risk of venous
thromboembolism (VTE) may be warranted for children hospitalized with COVID-19
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SARS-COV-2 Antiviral therapy for select pa-
tients

- Potential indications — Decisions to use antiviral therapy should be individualized
according to disease severity, clinical trajectory, existing evidence of effectiveness,
and underlying conditions that may increase the risk for progression.

Remdesivir is dosed according to weight as follows: -23.5 to : 5 mg/kg intravenous
(IV) loading dose on day 1, followed by 2.5 mg/kg IV every 24 hours -240 kg: 200 mg
IV loading dose on day 1, followed by 100 mg IV every 24 hours The usual duration
of therapy is up to 5 days for children with severe disease; for children with critical
disease who are not improving after 5 days, the duration may be extended to up
to 10 days. Remdesivir should not be administered with hydroxychloroquine or
chloroquine, because coadministration may decrease remdesivir’s antiviral activity
. Remdesivir is a prodrug of a nucleotide analog that inhibits RNA-dependent RNA
polymerase and has activity against coronaviruses.

- Reported adverse effects of remdesivir include nausea, vomiting, and transam-
inase elevations. In a review of compassionate use of remdesivir in 77 children
hospitalized with severe SARS-CoV-2 infection, 33 percent had adverse events and
16 percent had serious adverse events, most of which were related to COVID-19
or underlying conditions (hypoxia, acute respiratory failure, recurrence of acute
lymphocytic leukemia). The only adverse events to occur in more than one patient
were elevation of serum aminotransferases (in nine) and anemia (in two). Cases of
bradycardia attributable to remdesivir have also been reported, Baricitinib is a Ja-
nus kinase inhibitor used for the treatment of rheumatoid arthritis. In addition to its
immunomodaulatory effects, it is thought to have antiviral effects through interfer-
ence with viral entry. Baricitinib may provide a mortality benefit for select patients

- Hydroxychloroquine and chloroquine

- Lopinavir-ritonavir

- Glucocorticoids

- Dexamethasone

- Prednisolone

- Methylprednisolone

- Hydrocortisone

- Glucocorticoids plus tocilizumab

- Tocilizumab is dosed according to patient weight

- Tocilizumab should be used with caution in immunocompromised individuals as
very few were included in randomized trials. Administration of live vaccines, mea-
sles, mumps, rubella, varicella) should be deferred for at least two weeks after the
final infusion of tocilizumab ; some experts would wait at least four weeks before
administration of live vaccines.
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- Patients with severe COVID-19 can develop a systemic inflammatory response
that can lead to lung injury and multisystem organ dysfunction. It has been pro-
posed that the potent anti-inflammatory effects of corticosteroids might prevent or
mitigate these deleterious effects.

Both beneficial and deleterious clinical outcomes have been reported with use of
corticosteroids (mostly prednisone or methyl prednisolone) in patients with pulmo-
nary infections. In patients with Pneumocystis jirovecii pneumonia and hypoxemia,
prednisone therapy reduced the risk of death. However, in outbreaks of previous
novel corona virus infections (i.e., Middle East respiratory syndrome [MERS] and
severe acute respiratory syndrome [SARS]), corticosteroid therapy was associated
with delayed virus clearance. In severe pneumonia caused by influenza viruses,
corticosteroid therapy appears to result in worse clinical outcomes, including sec-
ondary bacterial infection and death.

- Corticosteroids have also been studied in critically ill patients with acute respi-
ratory distress syndrome (ARDS) with conflicting results. Use of corticosteroids
in patients with ARDS was evaluated in seven randomized controlled trials that
included a total of 851 patients. A meta-analysis of these trial results demonstrated
that, compared with placebo, corticosteroid therapy reduced the risk of all-cause
mortality (risk ratio 0.75; 95% CI, 0.59-0.95) and duration of mechanical ventilation
(mean difference -4.93 days; 95% Cl, -7.81 to -2.06 days)

- Systemic corticosteroids used in combination with other agents including antivi-
rals and immunomodulators such as tocilizumab (see Interleukin-6 Inhibitors) or
baricitinib (see Kinase Inhibitors) have demonstrated clinical benefit in subsets of
hospitalized patients with COVID-19.

- If dexamethasone is not available, alternative glucocorticoids (e.g., prednisone,
methylprednisolone, hydrocortisone) can be used.

- For these drugs, the total daily dose equivalencies to dexamethasone 6 mg (oral
or intravenous)24 are:

- Prednisone 40 mg
- Methylprednisolone 32 mg
- Hydrocortisone 160 mg

- Half-life, duration of action, and frequency of administration vary among cortico-
steroids.

- Long-acting corticosteroid: Dexamethasone; half-life 36 to 72 hours, administer once
daily.

- Intermediate-acting corticosteroids: Prednisone and methylprednisolone; half-life 12 to
36 hours, administer once daily or in two divided doses daily.

- Short-acting corticosteroid: Hydrocortisone; half-life 8 to 12 hours, administer in two to
four divided doses daily.

- Hydrocortisone is commonly used to manage septic shock in patients with

COVID-19; see Hemodynamics for more information. Unlike other corticosteroids
previously studied in patients with ARDS, dexamethasone lacks mineralocorticoid
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activity and thus has minimal effect on sodium balance and fluid volume.

- Budesonide is a synthetic, inhaled corticosteroid with potent glucocorticoid ac-
tivity and weak mineralocorticoid activity. It has broad anti-inflammatory properties
and has Food and Drug Administration-labeled indications in the management of
chronic respiratory diseases including asthma and chronic obstructive pulmonary
disease. Certain inhaled corticosteroids have been shown to impair viral replica-
tion of SARS-CoV-225 and downregulate expression of the receptors used for cell
entry.26,27 These mechanisms support the potential of inhaled corticosteroids as
therapeutic agents for COVID-19. However, observational studies of individuals
who were chronic inhaled corticosteroid users have found that its use either had
no effect on COVID-19 outcomes or increased risk of hospitalization.

- The safety and effectiveness of dexamethasone or other corticosteroids for
COVID-19 treatment have not been sufficiently evaluated in pediatric patients and
caution is warranted when extrapolating recommendations for adults to patients
aged <18 years. The Panel recommends using dexamethasone for children with
COVID-19 who require high-flow oxygen, noninvasive ventilation, invasive mechan-
ical ventilation, or extracorporeal membrane oxygenation (BIIl). Corticosteroids are
not routinely recommended for pediatric patients who require only low levels of
oxygen support (i.e., administered via a nasal cannula only).

- Use of dexamethasone for the treatment of severe COVID-19 in children who are
profoundly immunocompromised has not been evaluated and may be harmful;
therefore, such use should be considered only on a case-by-case basis. The dexa-
methasone dosing regimen for pediatric patients is dexamethasone 0.15 mg/kg/
dose (maximum dose 6 mg) once daily for up to 10 days. Corticosteroid use has
been described in the treatment of multisystem inflammatory syndrome in children
(MIS-C) in multiple case series. It is the second most used therapy after intrave-
nous immunoglobulin for MIS-C.42,43 Please refer to Special Considerations in
Children for more information on the management of MIS-C.

- All children in the study developed a serious disorder following COVID-19 in-
fection. This condition, called multi-system inflammatory syndrome in children
(MIS-C), is thought to affect 1 in 50,000 children with SARS-CoV-2 infection.

- the new disorder, which is also called paediatric inflammatory multi-system syn-
drome temporally associated with SARS-CoV-2 infection (PIMS-TS), affects chil-
dren of all ages but is more common in older children and teenagers. The disorder
generally occurs 2-6 weeks after infection with the SARS-CoV-2 virus.

- The illness is characterised by persistent high fever, often accompanied by ab-
dominal pain, vomiting, red eyes and red rash. Severely affected children have
developed heart inflammation, with shock and failure of multiple organs.

- Fortunately, with optimal treatment the majority of affected children have recov-
ered well. However, worldwide most reports suggest a fatality rate of 2-4%.

- Heart complications
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- Interferon-beta 1b

- convalescent plasma from recovered COVID-19 patients
- Outpatient monoclonal antibody therapy

- Adequate vitamin D intake

-Zinc

- Vitamin C

- Selenium

Multi systemic inflammatory syndrome in chil-
dren (MISC)

-IVIG

- Dexamethasone

- Enoxaparin

- Methylprednisolone

- Tocilizumab(ACTEMRA)
- Infliximab
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Coronavirus disease 2019 (COVID-19)

- Is an iliness caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2).

- In throughout the world, fewer cases of COVID-19
have been reported in children than in adults.

- Most cases in children are mild, and treatment
consists of supportive care.

Cough & Fever Cough & Fever

It is important to note that these symptoms may not always be present; thus, a high
index of suspicion for SARS-CoV-2 infection is required in children.

Other symptoms include the following:

Shortness of breath

Pharyngeal erythemal/sore throat
Diarrhea

Myalgia

Fatigue

Rhinorrhea

Vomiting

Nasal congestion

Abdominal pain

Conjunctivitis

Rash

Loss of sense of taste (ageusia) and/or smell (anosmia)
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- COVID-19 have varying degrees of signs and symptoms, ranging from no symp-
toms (asymptomatic) to severe symptoms and can be fatal.

- Because some of the symptoms of flu, COVID-19, and other respiratory illness-
es are similar, the difference between them cannot be made based on symptoms
alone.

The characteristic signs and symptoms of
COVID-19.

- COVID-19 can sometimes cause a person to suddenly lose their sense of smell
(anosmia) or taste (ageusia).

- Red, swollen eyes: Some COVID-19 patients have experienced red, itchy, and
swollen eyes that resemble conjunctivitis (or pink eye).

- Skin rashes: Mostly seen in younger patients, COVID-related skin rashes range
from hives and little red bumps to sores on the toes, what some experts refer to as
‘COVID toes.’

The characteristic signs and symptoms of
COVID-19.

- COVID-19 can sometimes cause a person to suddenly lose their sense of smell
(anosmia) or taste (ageusia).

- Red, swollen eyes: Some COVID-19 patients have experienced red, itchy, and
swollen eyes that resemble conjunctivitis (or pink eye).

- Skin rashes: Mostly seen in younger patients, COVID-related skin rashes range
from hives and little red bumps to sores on the toes, what some experts refer to as
‘COVID toes.’

The characteristic signs and symptoms of
COVID-19.

- COVID-19 can sometimes cause a person to suddenly lose their sense of smell
(anosmia) or taste (ageusia).

- Red, swollen eyes: Some COVID-19 patients have experienced red, itchy, and
swollen eyes that resemble conjunctivitis (or pink eye).

- Skin rashes: Mostly seen in younger patients, COVID-related skin rashes range
from hives and little red bumps to sores on the toes, what some experts refer to as
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Children and pregnant women

- are more vulnerable to influenza virus and COVID-19 symptoms on the other hand are milder in pregnant
women and children.

“Very young children seem to be somewhat less likely to become ill with COVID.”
Flu, on the other hand, “actually tends to make very young children very sick.”

Both COVID-19 and Flu

- can spread from person-to-person between people who are in close contact with
one another (within about 6 feet).

- Both are spread mainly by large and small particles containing virus that are ex-
pelled when people with the iliness (COVID-19 or flu) cough, sneeze, or talk.

- These particles can land in the mouths or noses of people who are nearby and
possibly be inhaled into the lungs. In some circumstances, such as indoor settings
with poor ventilation, small particles might be spread further than 6 feet and cause
infections.

CHILDREN TRANSMISSION

They noted that children are more likely than adults to have upper respiratory tract
involvement, including nasopharyngeal carriage.

They may also have prolonged respiratory and fecal shedding.
Family clustering appears to play a major role in disease transmission.

Most of the children had exposure to a patient with COVID-19 in the household or
community.

Mother-to-fetal transmission

- Based on limited data, no confirmed cases of vertical mother-to-fetus intrauterine
transmission of the virus have been reported.

- Newborns whose mothers had been admitted owing to their COVID-19 infection
had a higher risk of premature delivery.

- To date, SARS CoV-2 has not been detected in breast milk.
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Diagnosis

Primary Lab tests:

- Lymphopenia ( <3000 in <1 year, <2000 in 1< year <5, <1000 in > 5 year)
- Increased levels of liver and muscle enzymes and lactate dehydrogenase

- Increased myoglobin and creatine kinase isoenzyme levels

- Elevated C-reactive protein (CRP) level

- Elevated erythrocyte sedimentation rate

- Increased procalcitonin level

- Elevated D-dimer

Common chest radiograph findings in children with COVID-19 pneumonia include:

- Bilateral distributed peripheral and subpleural ground-glass opacities and consolida-
tion.

. | :
4/04/2020 7:18 c LM/O4/2020 7:18

Mother-to-fetal transmission

- Ground-glass opacities/nodules

- Consolidation with a surrounding halo sign
- Bilateral or local patchy shadowing

_\:,995 s 6 - Interstitial abnormalities
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- Chest imaging is not generally recommended for initial screening of mildly symp-
tomatic or asymptomatic children with suspected COVID-19 unless they are at risk
for disease progression or have worsening symptoms.

- An initial chest radiograph may be appropriate for children with moderate to se-
vere symptoms, and a chest CT scan may be warranted if the results could affect
clinical management.

- A series of chest radiographs may be useful to assess therapeutic response, eval-
uate clinical worsening, or determine positioning of life support devices.

CHILDREN TRANSMISSION

They noted that children are more likely than adults to have upper respiratory tract
involvement, including nasopharyngeal carriage.

They may also have prolonged respiratory and fecal shedding.
Family clustering appears to play a major role in disease transmission.

Most of the children had exposure to a patient with COVID-19 in the household or
community.

Mother-to-fetal transmission

- Based on limited data, no confirmed cases of vertical mother-to-fetus intrauterine
transmission of the virus have been reported.

- Newborns whose mothers had been admitted owing to their COVID-19 infection
had a higher risk of premature delivery.

- To date, SARS CoV-2 has not been detected in breast milk.
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[ Clinical criteria ULaboratory criteria

Any person with at least one of the following Detection of SARS-CoV-2 nucleic acid in a clinical
symptoms : specimen

Cough
Levier CIEpidemiological criteria

Shortness of breath . . . q

At least one of the following two epidemiological

Sudden onset of anosmia, ageusia or disguise links:

a) Close contact with a confirmed COVID-19 case in the 14
[ Diagnostic imaging criteria Laprerielonset Bynpins

. . . . . b) having been a resident or a staff member, in the 14 days
Radiological evidence showing lesions prior to onset of symptoms, in a residential institution for

compatible with COVID-19 vulnerable people where ongoing COVID-19 transmission
has been confirmed

Close contact (within 6 feet of someone for a total of >15min)

LCovid-19 stages:

» Zero: Asymptomatic 4%
»One: Early infection 51%
»Two: Respiratory phase 39%
» Three: Hyper inflammation 5%

The WHO case definition for MIS-C

- An individual aged < 18 years presenting with fever(>3 days), laboratory evidence
of inflammation, and evidence of clinically severe illness requiring hospitalization,
with multisystem (>2) organ involvement (cardiac, renal, respiratory, hematologic,
gastrointestinal, dermatologic or neurological); AND

- No alternative plausible diagnoses; AND
- Positive for current or recent SARS-CoV-2 infection by RT-PCR, serology, or an-

tigen test; or exposure to a suspected or confirmed COVID-19 case within the 4
weeks prior to the onset of symptoms.

- Also unlike KD, affected children have been predominantly in the 5-9 and 9-14 age

groups.
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The pathophysiology of MIS-C in children has been described in its initial stages,
with COVID-19 infection triggering macrophage activation followed by helper T-cell
activation.(2-6 weeks later)

This in turn leads to massive cytokine release with B-cell and plasma cell activa-
tion and the production of antibodies, which leads to immune dysregulation and a
hyperimmune response.

- World Health Organization criteria for MIS-C. Among 614 children with suspected
MIS-C, 246 received primary treatment with IVIG alone, 208 with IVIG plus glucocor-
ticoids, and 99 with glucocorticoids alone.

Twenty-two children received other treatment combinations, including biologic
agents, while 39 received no immunomodulatory therapy.

MIS VS Kawazaki Disease

- The data suggest that the SARS-CoV-2-associated cases occurred in children
who were older than the children with Kawasaki-like illness diagnosed prior to the
COVID-19 epidemic.

- In addition, the rates of cardiac involvement, associated shock, macrophage ac-
tivation syndrome, and need for adjunctive steroid treatment were higher for the
SARS-CoV-2-associated cases.

- Many patients with MIS-C have abnormal markers of cardiac injury or dysfunction,
including Troponin and Brain Natriuretic Protein(BNP).

Consists mainly of supportive care, including
oxygen therapy in children with hypoxia.

Remdesivir (5-10 days)

- The only antiviral drug that has received full approval from the FDA for treatment
of COVID-19.

It is indicated for treatment of COVID-19 disease in hospitalized adults and children
aged 12 years and older who weigh at least 40 kg.

An emergency use authorization remains in place to treat children younger than 12
years who weigh at least 3.5 kg.

The FDA expanded to use in all hospitalized patients with confirmed or suspected
COVID-19 disease, regardless of oxygen status.
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Corticosteroids (Dexamethasone):

- National Institutes of Health (NIH) suggests that dexamethasone may
be beneficial in pediatric patients with COVID-19 respiratory disease who
are on moderate to sever respiratory symptoms or mechanical ventilation.

- MIS-C patients

Convalescent plasma

- The decision to treat patients < 18 years of age with COVID-19 convales-
cent plasma should be based on an individualized assessment of risk and
benefit.

Monoclonal Antibodies

- EUAs have also been granted for outpatient monoclonal directed thera-
pies (ie, casirivimab plus imdevimab, bamlanivimab plus etesevimab) for
individuals aged 12 years and older who test positive and are at high risk
of severe COVID-19 or hospitalization

Tocilizumab (Actemra)

- As a single dose; may repeat dose in 12 hours if signs/symptoms worsen
or do not improve.(up to 3 dose)

- maximum dose: 800 mg/dose

- A baseline absolute neutrophil count (ANC) of < 2000/mm3 or greater
and 2100.000/mm3 or greater are required before initiating Tocilizumab (in
special condition platelet count of 250.000/mm3 is acceptable)

- Do not initiate Tocilizumab in patients with baseline increased ALT or
AST levels



Thrombotic complications

- Further injury to the endothelial tissues results in microthrombi formation and can
lead to thrombotic complications such as pulmonary embolism, venous thrombo-
sis, and thrombotic arterial complications as seen in severely ill patients.
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Vaccine types:

- Inactivated whole virus vaccines

- Protein-based vaccines (Recombinated)
- Viral vector vaccines

- RNA and DNA vaccines

- Weakened live virus vaccines

- The FDA has granted emergency use approvals for 3 SARS-CoV-2 vaccines sinc
December 2020.

Two are mRNA vaccines — (Pfizer) and (Moderna), whereas the third is a viral veg
tor vaccine — (Johnson & Johnson).

On May 10, 2021, the FDA extended the EUA for the Pfizer vaccine to include young
er adolescents aged 12-15 years. On October 29, 2021, the FDA further expande
the EUA for the Pfizer vaccine to include children aged 5-11 years.
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- The American Academy of Pediatrics strongly recommends that children and ad-
olescents aged 5 years and older receive the COVID-19 vaccine.

COVID Death

- The CDC reports that 121 deaths related to SARS-CoV-2 infection occurred among
persons younger than 21 years of age in the United States from February to July
2020.

- Of the persons who died, 63% were male, 10% were aged < 1 year, 20% were aged
1-9 years, and 70% were aged 10-20 years.

- Ninety-one (75%) had an underlying medical condition.

Risk for severe disease

- Those with underlying conditions (eg, congenital heart disease, bronchial pulmo-
nary hypoplasia, respiratory tract anomaly, abnormal hemoglobin level, or severe
malnutrition)

Those with immune deficiency or immunocompromised status (eg, as a result of
long-term immunosuppressant use).

The following conditions indicate a greater like-
lihood of severe disease:

- Tachypnea
- Persistent high fever for 3-5 days.

- Poor mental response, lethargy, disturbance of consciousness, and other chang-
es of consciousness.

- Abnormally increased levels of enzymes, such as myocardial and liver enzymes
and lactate dehydrogenase.

- Unexplained metabolic acidosis.

- Chest imaging findings indicating bilateral or multi-lobe infiltration, pleural effu-
sion, or rapid progression of conditions during a very brief period.

- Age younger than 3 months.
- Extrapulmonary complications.
- Coinfection with other viruses or bacteria.
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Co-Infection

- Slightly more than half of the children who underwent nucleic acid testing for
common respiratory pathogens showed co-infection with pathogens other than
SARS-CoV-2.

- This finding illustrates the need to test for COVID-19 even in the setting of other
confirmed viral infections.

The residual symptoms that can occur after a
SARS-CoV-2 infection in children :

- Respiratory symptoms, such as cough, chest pain, and exercise-induced dyspnea
- Cardiac involvement, including myocarditis
- Anosmia and/or ageusia, which typically resolve in several weeks in children

- Neurodevelopmental impairment, such as delays or changes in cognitive, lan- -
guage, academic, motor, or mood/behavior domains

- Cognitive “fogginess” or fatigue, which may manifest as inattentiveness or slower
- reading or processing

- Physical fatigue and/or poor endurance
- Headache, which is common both during and after SARS-CoV-2 infection
- Mental and behavioral health problems
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Learning Objectives

- At the end of presentation, participants should be familiar with:

1- Direct and indirect effects of COVID-19 on liver

2- Evaluation of LFT abnl in COVID-19 infected pts

3- Impact of COVID-19 on patients with chronic liver disease

4- Management of cirrhosis and chronic liver diseases during COVID-19 infection

Liver Injury During COVID-19 InfectionDirect ef-
fects

- SARS-Cov-2 binds to cells through ACE2 receptors
- As ACE2 occurs on liver & biliary epithelial cells, the liver is a target for infection

- Summary of 12 reports describe abnl LFTs in 10-58% with mixed impact on out-
comes

- Rare cases of severe acute hepatitis

Liver  Injury  During [z

COVID-19 InfectionDirect ™ | ::

e

effects

=

Median Liver Biochemistry Over Time

H

COVID-19 leads to elevated liver enzymes in ; “
up to 50% of pts

60 consecutive pts admitted to MGH follow
during hospitalization

- Cholestatic enzyme elevation were rare N

TR g

- AST predominance was common
* Not correlated with CK level/muscle injury
* Appears to reflect true hepatic injury

* No clear demographic or comorbidities as-
sociated with injury
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Liver Injury During COVID-19 Infectionlndirect
effects

Liver injury associated with use of drugs in patients
with COIVD-2019
- Many critically ill
- Prevalent chronic liver disease?? “ o
- Drug induced liver injury

OR (95% CI) for iver injury

s Ieotcpnae e
Drugs

Pathogenesis of liver damage during COVID-19
infection
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COVID-19 patient with elevated
serum liver biochemistries

Evaluation of pts with
COVID-19 & Elevated R

Review medications

Avoid imaging unless itis ikely to change
management, o.g, cinical suspicion for
biliary obsiruction or venous thrombosis

Uiver tests stable/improving
o warsening?

Stablefimproving Worsening
Continue to monitor closely Evaluate other causes;
myosis (espacially when AST>ALT),
ischemia, cylokine release syndrome,
drug-induced liver injury
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Impact of COVID-19 on CLD
NAFLD/NASH

- Preventing liver disease progression through intensive lifestyle intervention, in-
cluding nutritional guidance, weight loss advice, and diabetes management

- Treatment of arterial hypertension

- ACE inhibitors or ARB do not increase the risk of COVID-19 infection or severe
complications or death

- Early admission should be considered for all pts with NAFLD who become infect-
ed with SARS-CoV-2

Impact of COVID-19 on CLD
Autoimmune Liver Diseases

- Advise against reducing immunosuppressive Tx to prevent COVID-19
- Reductions should only be considered under special circumstances

(e.g. medication-induced lymphopenia, or bacterial/fungal superinfection in severe
COVID-19)

- To minimize systemic glucocorticoid exposure consider budesonide to induce
remission

- Paucity of data to make recommendations for pts with PBC, PSC or IgG4-related
dis

- All pts should receive vaccination for Streptococcus pneumoniae and influenza

Impact of COVID-19 on CLD
HCC

- The specific risk of COVID-19 in pts with HCC remains undefined

- Care should be according to guidelines including continuing systemic treatments
and evaluation for LT

- Multidisciplinary HCC boards
- Full HCC surveillance should resume
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Impact of COVID-19 on CLDCirrhosis

- Vulnerable to both the consequences of COVID-19 and to the adverse effects of
delayed or altered standard of care during the COVID-19

- Infected with SARS-CoV-2 are at high risk of new or worsening hepatic decom-
pensation

- All pts with new or worsening hepatic decompensation or ACLF should be tested
for COVID-19 even in the absence of respiratory symptoms

- Do not need to update labs only for LT listing
- Prophylaxis against SBP, GIB and HE to avoid hospitalization

e Abnormal liver enzymes need
evaluation ® COVID-19 cause LFT abnormality, ALI

. HBV or AlH flare? Alcohol? COVID-19? or ACLF

* All pts with ACLF should be tested for

* N d to red
O neec to recuce COVID-19 even without respiratory

immunosuppression for

asymptomatic/COVID-19 neg. pts symptoms
* High Mortality of COVID-19 in
* Social distancing, Hand washing ... cirrhotic pts
*  HBV & HCV Tx continue in pts w/o
* Telephone/video visit COVID-19
* HCC surveillance should be resumed
* Do not need to update labs only for LT * Maintain HCC multidisciplinary
listing Boards
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