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Possible Symptoms of COVID-19

Main Common

f@\ er fatloue | musde pam
loss or chanoe of taste or smell

shortness of breath dI'V LOUOh
junctivits gOrE th[oat

emergency symptoms

Basics of COVID-19 disease
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COVID-19 and SARS-CoV-2

e Coronavirus Disease 2019 (COVID-19) is the disease

« SARS-Coronavirus type 2 (SARS-CoV-2) is the virus that
causes COVID-19

« SARS-CoV-2 is closely related to SARS-CoV, the virus
that caused Severe Acute Respiratory Syndrome
(SARS) in 2002

« SARS-CoV and SARS-CoV-2 are also related to MERS-
CoV, the virus that causes Middle Eastern Respiratory
Syndrome (MERS) in 2012/2013

« All are a type of virus called Coronaviruses

dAogtie MidAtlantic AIDS Education and Training Center



Coronaviruses

 Spike proteins form a crown shape (or
corona) on virus surface

* Prior to SARS outbreak in 2002,
coronaviruses were thought to be harmless
in humans

 One of the causes of the common cold
(15%)
« 3 human outbreaks

— SARS (2002) — 8,098 cases, 774 deaths (10%
CFR)

— MERS (2013) — 2,519 cases, 866 deaths (34%
CFR)

— COVID-19 (2020) — 16.5 million cases, 650,000
deaths* (4% CFR, likely an overestimate as we
do not have reliable case counts) Science vol 339 pp1269-1273 (2013)

*as of 07/28/2020, data from Johns Hopkins University COVID-19 dashboard
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The Majority of Infections are Mild Those Aged 60+ are Most At Risk... *¢
Seriousness of symptoms % of deceased (Italy & UK)
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Like flu, stay at home Hospitalization Intensive care oI
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Especially Those with Existing Conditions

% of deceased with serious cilments

cardiovascular
disease

diabetes

chronic
respiratory
disease

abnormally

high blood
pressure

cancer

no existing
conditions

672 confirmed cases in Mainlar Lt
or Disease Cor .tru\,‘ revention, St

Multiple Conditions Increase Risk
Serious conditions present in those who have died

1% no conditions

worane oo of victin
average age ot victim
thic analvsis
.......... AREES

EERDEENEES
1 condition
BEREEEEEEN .
2 conditions

BEEREEEEES
3+ conditions

Active cancer, Atrial fibrillation, Chronic Obstructive Pulmenary Disease (COPD)
Dementia, Diabetes, Heart disease, Hypertension, Liver disease (chronic),
Renal failure (chronic), Stroke

ey ey
study of 355 deaths from

source: ltalian Port
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Biological Sex is also a Risk-Factor How Contagious & Deadly IS It?
% of COVID-19 deaths We don't fully know yet but it's in this range
% who die
+ note
60f% ® bird flu The case fatality rate (CFR)
only shows the %o of
50% o Ebola Eg:fei‘rgzcdjlcoses who
| 4% | g;i:,du;r;?(l:iuble during
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Infection with a virus

 In the first step of infection, any virus has to recognize
and interact with a specific receptor protein on the target
cell’s surface

« Each type of virus recognizes a different receptor
 Different cells have different proteins on their cell surface

« S0, each virus can infect a specific set of cells, and not
others

e SARS-CoV and SARS-CoV-2 both use the same
receptor: ACE2
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Infectious mechanism used by SARS-CoV-2

« ACEZ2 is found of
pneumocytes in the lung;
also enterocytes in the gut | SARS:CeV o e

. e ? r SARS - Disease - COVID-19
) The Splke proteln Of S ARS_ :‘.,-';"?5-5 :\f:;t:r 2002 Em:;:ee:ce Wlntesr12:;:
CoV and SARS-CoV-2 is
Cleaved by the human Attachment Receptor

enzyme TMPRSS2
— the drug camostat mesylate AL ' A& o , HGE2
inhibits this

* This drug is already
licensed in Europe & Japan ~ ™PRsS2 '/\ypp/\' THPRSSZ
(as a treatment for
pancreatitis), and is now in Cell vol 181 271-280.e8 (2020)
a clinical trial for COVID-19

774 - Deaths - 1,669
26 - Countries affected - 25

Spike Protein Priming by
Cellular Proteases
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COVID-19 subversion of the immune
response

 Viral infection normally
induces type | interferon
response in immune cells |

« COVID-19 proteins block T S e e
interferon a/5 expression
and signaling l g |

« Viral clearance is |
delayed; robust B cell, T R o
cell and cytokine D=L
response develops "= R

« “Cytokine storm”results [ X SN
in Iung tissue damage Cell vol 181 pp1046-104569 (2020)

COVID-19 ? Common
: Respil
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Infection and disease in COVID-19

* Respiratory infection,
primarily through droplets
and contact with
contaminated surfaces

« The extent of aerosol
infection is not clear

« Many infections are mild or
asymptomatic, so it is hard
to determine the true case

count
« Severe acute respiratory Dr Keth Moriman
. eorge Washington Universit
distress syndrome (ARDS) % & /

and extensive lung damage

MAAETC webinar 08-06-2020

MidAtlantic AIDS Education and Training Center

4,1%
,
L 0 AETC o,
MidAtlantic




COVID-19 distinguishing features

« Spread by droplet infection (like SARS, o
MERS, and also influenza), BUT

« COVID-19 patients produce infectious virus
well before they feel ill (if they feel ill at all)
— Spreads in the general population
— Many asymptomatic (but infectious) infections

=
]

Gene E (log10)

i

« SARS and MERS patients only shed virus

after the onset of symptoms :
— Secondary infections were most common in | | |
famlly mem berS and healthcare Workers Asymptomatic  Pre-Symptomatic =~ Symptomatic

Nature (2020)
https://doi.org/10.1038/s41586-020-2488-1
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Superspreaders in COVID-19

Individual person who infects a large number of others

« Daegu, South Korea, Feb 2020; 70 cases linked to
“patient 31" at the Shinceonji Church of Jesus

 New Rochelle NY, USA, March 2020; one person spread
the virus to at least 20 individuals, creating a cluster of
iInfections that ultimately exceeded 100

 Rheda-Wiedenbruck, Germany, March-April 2020; one
asymptomatic worker at a meat packing plant infected
60% of other workers within a 25-foot radius

dAflantic MidAtlantic AIDS Education and Training Center



Prevention is better than cure

g the Curve

Fast, \‘nteuiger;t action slows pandemic effects,
stops overwhelming of healthcare systems

outbreak
without

protective

measures

outbreak with
protective measures

: AETC e,
s MidAtlantic

= Anne Marie Darling v
@amdarling

Lots of science-y folks are posting this graph. But if there
is one thing | have learned from being on the internet, it is
this:

Data/graphs: Not compelling to many.
Kitties: Compelling to many.
So | present: #Catteningthecurve.

#scicomm #epitwitter

E_luﬁte_Flng the curve I !I

— <]
¢ “LAZY KITTY" Outbreak: Long

intervals between transmission
“ALERT KITTY” Outbreak: Will events, like the amount of time
pounce and shred the kitty will hold this position.
healthcare system like the arm Healtheare system can cape

of your couch t g

Vox

7:16 PM - Mar 11, 2020 - Twitter Web App

26.1K Retweets 56,6K Likes
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Replying to @amdarling

Awesome! Here's a live re-enactment, courtesy of my
two.

a Jeremy Martinson

Oreo and Spooky showing how to #FlattenTheCurve
#EpiCats

11:28 AM - Mar 12, 2020 - Twitter Web App

Il View Tweet activity

2 Retweets 53 Likes




Masks work

Masks reduce airborne transmission

Infecti | partic| be released during breathing and '
<pealing by 2symptomatc nfected individuals No masking maximizes e SARS-CoV-2 repllcates
exposure, whereas universal masking results in the least exposure. i
ruticesinumy @8 * three times faster than
100 10 1 01 .
ity other coronaviruses
.- ‘,«;_

« Can spread rapidly to the
pharynx and be exhaled
before the innate immune
response becomes
activated and the infected
person shows symptoms

exposure

Science vol 368 pp1422-1424 (2020)

MAAETC webinar 08-06-2020

MidAtlantic AIDS Education and Training Center

4,%
>
AETC ADS Educcmmn &
g Goner P
MidAtlantic




Coronavirus Riskiest Activities e
According to 500+ epidemiologists & health professionals s !

: closeness
9 risk factors to consider 5 5 wedding

i) people how many? isit ar A o funeral

i space how close is the contact? if both families: | MEDIUM RISK { 5

) time how long the exposure? stiloE

N i taking care :
4)location inside or outside? :

s it ti to school,
& surfaces lots of high touch? : (AT

; in common camp, or
@ area high numper of cases? o l%fggiégke daycare
#) covidiocy how likely is compliance? ith |

but not . 5 sto
if you can't : ky! 9

: o0
Jfyo ; _ 3 routinely
LOW RISK social distance 5 © S e i ng

but avoid
crowds :

. Sinemo
: movie
grocery : e theatre
hopping : ;

! é (dine-in)
overnight :
(if driving) : watch for : nging
: singing is very
shared : high risk :
condiments : increases airborne

) ) viral spread
consider cleaning

tak i
afterwards deecaen

waiting room

INCREASING RISK—
Risk reduced by wearing a mask, social distancing & washing hands sources: New York Times, Reuters, NPR, SF Gate & others
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INTERNATIONAL SOCIETY

il FOR INFECTIOUS DISEASES

Published Date: 2019-12-30 23:59:00
Subject; PRO/AH/EDR> Undiagnosed pneumaonia - China (HU): RFI
Archive Number: 20191230.6864153

UNDIAGNOSED PNEUMONIA - CHINA (HUBEI: REQUEST FOR INFORMATION

A ProME [-mall post

hitp  promedmallorg

ProMED-mail s 3 program of the
International Soclety for Infectious Diseases
Inttpeifwrwwsid.ong

m

Date: 30 Dec 2019

Souree: FInance Sina [machin transiation]

hittps G e.ina ci2019-12- 3V detall-ihnzahki 074832 4 hmiPfromewap

d fa his b Bokited test results will be ikl [25 5000 a5 dvalabie]

On the evening of [30 Dec 2019], an “wgent notice on the treatment of pneumanla of unknown cause” was kssued, which was widely distributed on the Internet by the red-headed document of the Medical
Administration and Medical Administration of Wuhan Municipal Health Commitiee.

On'the meming of (31 Dec 20131 China Business Mews reporter called the official hotiine of Wuhan Municipal Health and Health Committee 12320 and learned that the content of the document is true.
12320 hotling staf! sald that what type of pneumonia of unknawn cause appearad in Wuhan this time remains to be determinad.
ALCOTENG 10 the above documents, according to the rgent natice fam the sueriar, same medical institutions in Wuhan have successively anpeated patients with pREMONA of Lnknewn cause. Al medical

Incstitutions should strangthin the managémint of utpatient and émergency departmints, strictly implement the first-In-patient responsibility sy$tem, and find that patients with unknown cause of pRéumonta
actively adjust the power to treat them onthe spot. and there should be no refusal to be pushed or pushed.

Thi docurnent emphasizes that medical instituti 10 Stréngthe gsciplinary professional forces such s respiratary, Infisctious diseases, and Intensive midicing in a tirgeted manner, open green
channels, make effective connec: p: and emergency 5, and improve emergency plans for medical freatment.

Another plece of emergency notification, entithed "City Health and Health Commission's Report on Reporting the Treatment of Unknown Cause of Preumonis” is ko true, Acconding to this document, according
toihe urgent notice from the superkor, the South China Seafood Marke In our city has seen patlents with preumania of unknown cause aneafter anather.

Current status of the pandemic

AR MAAETC webinar 08-06-2020
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Impact of COVID-19

Weekly deaths in England & VWales: 2020 vs ranges since 2010
Chart: @edconwaysky data: ONS

Mortality range in previous years
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Infection & Fatality Rates Vary by Country

% cases who have died

USA 4233923 +13% 146935 o - 3.5%
Brazil 2.419,0911.0% +4.7% 87,004—e 3.6%
India 1435616  +36% +41% 32771 e | 2.3%
Russia | 811,073 -1.2% 13,249 o 1.6%
South Africa [ 445,433 6,769 e 1.5%
Mexico | 390,516 4% 43,680 : ° 11.2%
Peru [} 375961 os% 17883 | —e 4.7%

Chile | 345,790 9,112 * 2.6%

uk | 301,020 -1.4% 45,837 : ® 15.2%

Iran | 291,172 15,700 ® 5.4%
Pakistan ] 273,113 7% | 5822 P 21%
Spain | 272,421 +104% 28,432 : ° 10.4%
Saudli Arabia || 266,941 -2.2% 2,733 e : 1.0%
Ttaly | 246,118 +3.0% 35,107 : o 143%
Colombia | 240,795 8,269 —e - 34%
Turkey || 226,100 5,613 o 2.5%
Bangladesh || 223,453 +1.0% -1.3¢ 2,928 ) : 1.3%
France || 217,801 30,195 : o 139%
Germany || 206,667 9% | 9124 e A.40%
Argentina | 162,526 +2.6% +4.4% 2,939 ® : 1.8%

CFR is unreliable during an outbreak

Univers Labs

informationisbeautiful

AETC?:
Bl A\ MidAtlantic

Chile

USA

Peru

Brazil

Saudi Arabia
Sweden
South Africa
Israel
Belarus
Bolivia

UAE

Spain

Dom. Republic
Belgium
Russia
Kyrgyzstan
Colombia
Portugal
Ecuador
Kazakhstan

13,049
11,688
11,559

8,104

7971

7,854
7,445
7,090

6,282

6,267

5877

5843

5777

5,633

5428
4,908
4,856
4,854
4,566
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updated 27 July 2020

deaths per million people «=9

sene L T T TP T T YT Y
ses

Belgium 2:22

USA:::::::::.&.S.é...........................

Netherlandg **==s** s 2+ *sssesssssesssacsanaeecces 362
MEXICO esssssssssnsssncsssnssasesssscssssnnes 338
Ecuador sssesssssssssnsssssnssssasssansansens 3372
Canada ssssssssssssssscssssnsassce 244
Bolivia sesssssssasessassasasrares 234
Switzerland ssssesssessssscssssnssoses 233
Kyrgyzstan sssesessssesesassescass 277
Iran seessesescsscnnssanes 193
Colombia sssssssssssessassss 169
Pon-uga[ .................. 166




. . . . pdated 27 Jul 2020
Coronavirus Infection Trajectories

Which countries are seeing the most new cases?

New cases ¥ Avg7-day RS .... 510% | Log
change:

— - South Africa

- + Mexico
—— Argentina

S N hetar MR Anilippines

120 140

informationisbeautiful

MAAETC webinar 08-06-2020

: AETC
e Man\ MidAtlantic AIDS Education and Training Center



Hot spots Total cases Deaths Per capita

Average daily cases per 100,000 people in the past week
I — |
| o———1
8 24 40 56 Few or no
cases

puble-click to zoom into the map.

F
wagh. -~
E -h} “ Maine
T Mont. N.D. - "
v 4 ¥ o
y: > inn. ]
Ore. ?,4 A 5 " N.H.
" Idaho Mwm.ﬂeapﬂi\s Wis t LY.
ot S.D. ry 8 3 Mass.
& S = Mich. Conn.
{ Wyo. i =¥ ich.
. N.J.
4 r "Im\? A ChiCog0 ey Pa.
Neb. | =
5 . B = . 3 g Ohio N
v 5 el
Utah A i . A% g 1 D.C. . 2
T Colo. ] S

Alaska

Honolul
Anchorage |
£

Hawaii

The New York Times, July 27t 2020
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COVID-19 in Allegheny County

350 8000
7000 o
300 3
Bpl 6000 &
< / 5000 &
© O
& 200 / 2
> I 4000 &
T 150 — | IS
- Pitt closes / iy A=
190 2000 3
50 “ ‘ 1000
0 tlatlt bttt L bt st 4
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mmm Daily ——Cumulative
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Wash. Idaho Mont.

Ore.  Nev. S[L
Calif. » Utah
Ariz. Kan. Ark. Tenn. S.C.
e I B
Okla. La. Ala.

| " e

—

Recent updates in cases, treatment, and vaccines

Figure from The New York Times, July 20t 2020
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COVID-19 detections are rising.
It's not due to increased testing.

How Coronavirus Cases Compare With Expectations
The charts show how the number of reported cases compares with the expected count based on expanded
testing. The gap for states with more cases than expected is highlighted . Each state is on its own scale.

Alaska Maine
104 Actual cases D5 T
7-day average \\/\4
Actual . - Expected cases
increase May 27 July 21 Wis.
60,000 cases per daj in cases ;435//
Wash. Idaho Mont. N.D. Minn. . . Mich.
;\//‘J +449 +98 +41 \t;//d“ \\1\5// ;37
Q600 o AaeaSmSm— | Y e

] e. Nev. Wyo. S.D. lowa Ind. Ohio Pa. . N
o +181 +944 +33 ‘mJA.\M +84 ¥ A:xi(‘)\;;/ji?/ 450 -2 M L

.-’ Expected

Calif. Utah Colo. Neb. Mo. Ky. W.Va.
increase +3,450 +54 ™ 481 £ #04 -7 4518 +284 +69
in cases [ F NS .
Ariz. N.M. Kan. Ark. Tenn. S.C. N.C. D.C.
Okla. La. Mi Ala.

Hawaii Texas Fla.

;/\ +5,493 i?«

The New York Times, July 24t 2020
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Seroprevalence of antibodies to SARS-CoV-
2 in the USA

IE‘ Estimates of seroprevalence

 Convenience sample of
sera collected for routine L .
clinical testing, March — l nnnnn
May 2020 s % SSSSS e
* 16,025 samples tested i } ﬁ
 Most had no evidence of “““ R - o

SARS-CoV-2 antibodies A L
— Proportion of reactive sera
ranged from 1-7% o e =
» But the proportion of |
reactive sera was much s
greater than the number of =
reported cases in each area e

— Between 6 and 24 times
greater e

Minneapolis-St Paul-St Cloud April 30-
metro innesota

JAMA Internal Medicine (2020) ctro area, Minnesot May 12
doi:10.1001/jamainternmed.2020.4130

& 73 %,
“
AETC ADS Edu&nuon&
g Goner P
MidAtlantic

Western Washington e
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Coronavirus Vaccine Tracker

By Jonathan Corum, Denise Grady, Sui-Lee Wee and Carl Zimmer Updated July 27, 2020

PRECLINICAL PHASE | PHASE II PHASL 111 APPROVAL
Vaccines Vaccines Vaccines Vaccines Vaccine
not yet in testing safety in expanded in large-scale approved for

human trials and dosage safety trials efficacy tests limited use

. . . . . .
G T Viral Vector Vaccines Protein-Based Vaccines Whole-Virus Vaccines
enetic Vaccines
Vacceines that use a virus to deliver coronavirus genes Vaccines that use a coronavirus protein or a protein Vaccines that use a weakened or inactivated version of

Vaccines that use one or more of the coronavirus’s own

into cells and provoke an immune response. the coronavirus to provoke an immune response.

4

genes to provoke an immune response. fragment to provoke an immune response.

! 17

A “a e’ E3 B
RNA% % % % - 5 v I Y - ’:}“’{{—
S, v N TN\
N |

[ Piase ] [ Prase i
m O d e r n O m) National Institutes of Health ® ZFsw &

INSTITUTE OF MEDICAL BIOLOGY + =
Turning Discovery into Health e @) CHINESE ACADEMY OF MEDICAL SCIENCES ﬂmémjﬁﬁ;ﬁﬁﬁﬁmﬁ&ﬂ;—‘

e ey = L4 WUHAN INSTITUTE OF BIOLOGICAL PRODUCTS CO..LTD.

# OXFORD et

AstraZeneca

The New York Times, July 27t 2020
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Immunity to coronaviruses after vaccination
or infection

 There is no COVID-19 vaccine
yet, although many are now
beginning to undergo clinical
trials, and COVID-19 survivors
have only been infected a few
months ago at most

* Inthe case of SARS, many
infected-recovered people
showed waning immunity a
few years afterwards

* Responses to experimental .
coronavirus vaccines also i

=~ SARS patients cohort
=& Patient A

Patient B
-=- Cut-off value

Anti-SARS IgG antibody titers

decline after one year 020 30 40 S0 6 7
Months after disease onset
e W|” we have |ife|0ng |mmun|ty Journal of Immunology vol 186 pp7264-7268 (2011)
to COVID-19?
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Current state of COVID-19 therapies

* The antiviral drug Remdesivir shortens recovery time by 4
days on average but has no impact on mortality, compared to
placebo [NEJM 2020; DOI:10.1056/NEJMo0a2007764]

» The only drug shown to date to affect mortality is the steroid
dexamethasone

— Effect is greatest for patients needing oxygen, or mechanical
ventilation

— Little to no effect in less severe cases

« Other drug discovery pipelines
— Repurposing of existing drugs [Nature 2020; doi:10.1038/s41586-
020-2577-1]

— Protein-protein interaction screening [Nature 2020;
doi:10.1038/s41586-020-2286-9]

MAAETC webinar 08-06-2020
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The RECOVERY study: impact of
dexamethasone on mortality

A All Participants (N=6425)

50+
Rate ratio, 0.83 (95% Cl, 0.75-0.93)
40 P<0.001
8 30
o =0 Usual care
=
g
S 204
= Dexamethasone
104
0 T T T 1
0 7 14 21 28
Days since Randomization
No. at Risk
Usual care 4321 3754 3427 3271 3205

Dexamethasone 2104 1903 1725 1659 1621

B Invasive Mechanical Ventilation (N=1007)

50
Rate ratio, 0.64 (95% Cl, 0.51-0.81)
40 Usual care
g 30
£
TE Dexamethasone
S 204
=
104
0 T T T 1
0 7 14 21 28
Days since Randomization
No. at Risk
Usual care 683 572 481 424 400
Dexamethasone 324 290 248 232 228

C Oxygen Only (N=3883)

504
Rate ratio, 0.82 (95% Cl, 0.72-0.94)
40
g 30+
> Usual care
£
£
S 204
= Dexamethasone
104
0 T T T 1
0 7 14 21 28
Days since Randomization
No. at Risk
Usual care 2604 2195 2018 1950 1916
Dexamethasone 1279 1135 1036 1006 981

D No Oxygen Received (N=1535)

50+
Rate ratio, 1.19 (95% Cl, 0.91-1.55)
40
& 30
2
£
S 204 Dexamethasone
=
104 Usual care
o T T T 1
0 7 14 21 28
Days since Randomization
No. at Risk
Usual care 1034 987 928 897 889
Dexamethasone 501 478 441 421 412

“Scientifically robust and ethically sound
clinical research remains the quickest and
most efficient pathway to effective treatment
and prevention strategies for patients with

Covid-19”

-accompanying editorial by Lane & Fauci

Respiratory Support
at Randomization

Invasive mechanical
ventilation

Oxygen only

No oxygen received

Al Patients

Dexamethasone  Usual Care
no. of eventsfiotal no. (%)

Rate Ratio (95% Cl)

95/324 (293)  283/683 (41.4) —W— 0.64 (0.51-0.81)
298/1279 (233)  682/2604 (26.2) —- 0.82 (0.72-0.94)
89/501 (17.8)  145/1034 (14.0) —_— 119 (0.91-1.55)
482/2104 (22.9)  1110/4321 (25.7) < 0.83 (0.75-0.93)
P<0.001
Chi-square trend across three categories: 11.5 I | r |
0.50 075 100 150 200
Dexamethasone  Usual Care
Better Better

New England Journal of Medicine advance publication
DOI: 10.1056/NEJM0a2021436
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Are there any human genes that affect
COVID-19 severity?
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New England Journal of Medicine, advance publication
DOI: 10.1056/NEJM0a2020283
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Where did SARS-CoV-2 come from, and are there
others?

Nature vol 583 pp366-368 (2020)
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Multiple early introductions of COVID-19 into
the USA from China

Phylogeny

Country v

® UsA p—
® China | ==

A0

S&7 Nextstrain
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Washington state and California cases

Washington

California “

CA2 | = —

WA1 !
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How do coronaviruses infect humans?
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HCoV-229E

Possible origin: bats

Intermediate host: camelids?
Clinical features: Usually self-limiting
respiratory infection. Pneumonia has
been reported in
immmunocomprommised patients

HCoV-NL63

Possible origin: bats?

Intermediate host: unknown
Clinical features: usually self-limiting
respiratory disease with rhinorrhea,
cough, and fever. It can be associated
with cbstructive laryngitis in children

A ercy
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HCoV-HKU1

Possible origin: rodents?
Intermediate host: rodents?

Clinical features: usually mild
respiratory disease; it can occasionally
cause pneumonia in infants, elderly
subjects, and immunocompromised
patients. Gastroenteric symptoms have
also been reported

HCoV-0C43

Possible origin: rodents?
Intermediate host: cattle?

Clinical features: usually mild upper
and lower respiratory tract infections.
It can be occasionally associated

with pneumonia

0.3 Substitution/site

.S
2“{;5 coV 1012

Civet SARS-CoV
£ cversass.cov Ay

SARS-CoV

Possible origin: bats

Intermediate host: viverrids/caniforms
Clinical features: atypical pneumonia
characterized by cough, fever and
alveolar damage; the disease can
progress into acute respiratory distress
syndrome. Global case fatality rate is
9.6% (WHO)

MERS-CoV
<
% Possible origin: bats
. Intermediate host: camelids
'Jg Clinical features: range from mild
e 7 g upper respiratory infections to severe

acute respiratory distress syndrome and
renal failure. Gastrointestinal symptoms
have also been reported. Global case
fatality rate is 36% (WHO)

Trends in Microbiology vol 25 pp35-48 (2017)
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Zoonotic transfer of coronavirus in SARS

Horseshoe bat Palm civet Wet market

H
. _ - Coronavirus
Lozt et 99.8% similarity
92% similarity to to human
human

After the initial zoonotic transfer to humans, almost
all infections were due to human-to-human spread
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Zoonotic transfer of coronavirus in MERS

Environmental source and risk
Bats and dromedary camels, perhaps other animals, intermediary sources

o> | - -1.
\_W/w .,l.'ll'
Lancet Infectious Diseases adimg
el 1D [apnsia (9] Lancet vol 386 pp995-1007 (2015)

Camel birthing Camel racing Camel milking Camel owner contact
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oonotic transfer of coronavirus in COVID-
197

Phylogeny
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The Huanan Seafood and Wildlife Market in
Wuhan, China

Cell vol 181, pp223-227 (2020)
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Coronavirus adaptation to humans

* The interaction between the
spike protein, especially the
receptor-binding domain
(RBD) with ACEZ2, is critical to
infection

« Early in the SARS outbreak,
the SARS-CoV RBD
underwent two small genetic
changes that increased its
binding affinity for human
ACEZ2 by 1,000 fold

 This allowed for extensive
human-to-human transmission
after the initial species jump

. ﬁﬂlénélasr Sma” Changes seen in Nature Microbiology vol 5 pp562-569 (2020)
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How are SARS-CoV and SARS-CoV-2
different?

BatRaTG13

KhkkhkAAr A r A AL A AT AT AR ATk Ak hhhhkk ************************************************************
Wuhan

. Both use ACEZ2 as an entry receptor, but
the course of disease is very different

« SARS case fatality rate was 10%; COVID- ‘ ‘
19 is much lower (1-2% current estimate) e LT T

RaTG13 23463 CTAATGTTTTTCAAACACGTGCAGGTTGTTTAATAGCGGCTGAACATGTCAATARCTCGT 23522

b COVID-1 9 patients have VirUS in the upper Wuhan 23541 ATGAGTGIGACATACCCATTIGGIGCAGGTATATGCGCTAGITATCAGACTCAGACTAATT 23600

: ; : . POCEECCUERUREEE COCEERRRErn FOLCETnn TOURRTRErrnnr ey
resplratory tract; SARS patlents did not RaTG13 23523 ATGACTGTGACATACCTATTGETGCAGGARTATGCECCAGTTATCAGACTCAAACTARTT 23582
HWuh 23801 CICCICGGCGGGCACGTAGTGTAGCTAGTCAATCCATCATTGCCTACACTATGTICACTTIG 23660

* ACEZ2 levels are lower on cells of the e CLLLLLCL T AUELEECE 0 LT
. RaTG13 23583 ———————————- CI;CGI’AGTGI’GGCCAGI’CMTC'[’RTTRTTGCCTRCACTRTGTCRCTTG 23630

upper respiratory tract -

Wuhan 23661 GIGCAGARAATTCAGTTGCTTACTICTAATAACTCTATTGCCATACCCACARATTTTACTA 23720

A g TERRRRTRRR e e e eeeen e eeeerrennnntl
® SARS-COV-2 Splke prOteIn haS an eXtra RaTG13 23631 GTGCAGAAAATTCAGTTGCTTATTCTAATAACTCTATTGCCATACCTACARATTTTACTA 23690
reg |On th at SARS-COV does not. ThIS Wuhan 23721 TTAGIGITACCACAGAAATTCTACCAGTIGICTATGACCAAGACATCAGTAGATTGTIACAA 23780

LEU LILLEETD 100 THnd
polybasic fu rin-type cleavage site RaTG13 23691 TTAGIGTGACCACTGARAATTCTACCTGTGICTATGACARAGACATCGGTAGACTGTACAR 23750

increases fusion activity and may allow the

virus to enter cells with lower levels of
ACE?2 ...but it’s not an engineered virus (unless they did it really badly)

http://virological.org/t/tackling-rumors-of-a-suspicious-origin-of-ncov2019
MAAETC webinar 08-06-2020

| - AETC st
: M‘l"e MidAtlantic AIDS Education and Training Center



http://virological.org/t/tackling-rumors-of-a-suspicious-origin-of-ncov2019/384

SARS-CoV-2 is mutating like other
coronaviruses

Phylogeny

Sampling date A p
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B Feb2020 [ Mar2020 /
[ Mar 2020 [ Apr2020 rate estimate: 25.502 subs per year /

[T Mar2020 [ Apr2020 /
[71 Mar2020 B May 2020 o /

Mutations

iz

2c-03 2019-Dec-24 2020-Jan-15 2020-Feb-05 2020-Feb-26 2020-Mar-18 2020-Apr-08 2020-Apr-29

Date
Diversity ENTROPY EVENTS | AA NT
06
0.4
0.0 ||.lI |0 T B T 'L PP I W | 1 I' " ; .JI' (M Pl PP aal " 'IJ I 'l L.
o 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000 22,000 24,000 26,000 28,000
B —— o< (WS
ORFLa I S TS T
0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000 22,000 24,000 26,000 28,000 | A,
A ry - A

y J MAAETC webinar 08-06-2020

AETC ot
Mﬂ‘{“c MidAtlantic AIDS Education and Training Cen




s COVID-19 evolving to become more
deadly?
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The 614th amino acid in the spike protein mutated from D to
By Jonathan Corum | Source: Lizhou Zhang et al., Scripps Research

The New York Times, June 12th 2020
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Why do bats carry so many viruses that are
fatal to humans?

« SARS, MERS, COVID-19,
Nipah, Hendra, Ebola,
Marburg, etc

« Bats roost together in large
numbers, often with members

Resource for comparative
genomics and bat immunology

. 202020 <

— e ———

Of Other SpGCleS Expansion and diversification
X _— < of bat immune genes
- Bats harbor these viruses but . e
do not get sick and die — how? m—— Ei
— Bats have evolved a complex sk i ' MHC clss |

series of immune responses N _
that enable them to tOIerate the Hypothesis: IXion tolerance signaiﬁ;ng:t;ri?adl ::T}g{:%{ cells
presence of many viruses

: < Inflammation WNKGZ
« Bats are flying mammals and "‘ oot || T B
have a high body temperature : 4 tarmaion || G o ) e

— viruses that can survive this can - High baseline expression of nhibitory receptors
survive the high fever in
humans that is intended to Kill
pathogens

Cell vol 173 pp1098-1110 (2018)
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Will COVID-19 be the last new coronavirus
Infection?

* There are many
Coronaviruses circulating in
many bat species

* 6.5% of bats surveyed
harbor one or more
coronaviruses (Tang et al
(2006), J. Virol vol 80
pp7481-7490)

 EcoHealth Alliance data:
~400 novel coronaviruses in
bats in China; multiple
“spillover” events where e
these have infected Each red block represents one CoV in one bat species
humans, but not spread
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The global virome project

GVP targeting strategy
The project will capitalize on economies of scale
inviral testing, systematically sampling

 Around 263 viruses from 25 viral families are ot o e e
currently known to infect humans )

111 viral families have been

« Estimated that ~1.67 million yet-to-be-discovered
viral species from key zoonotic viral families exist
In mammal and bird hosts ol i

viruses known to infect (or to have

 Reasonable expectation is that between 631,000
and 827,000 of these unknown viruses have ®

In these 25 families, an estimated

zoonotic potential 167 mlion o

exist in mammals and
birds—hosts that represent 99%

« GVP launched in 2018, with goal of identifying this
viral threat i

Of these 1.67 million viruses, an
estimated 631,00 to 827,000
likely have the capacity to infect
people.

Science vol 359 pp872-874 (2018)
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Summary

« COVID-19 is a severe disease caused by infection with
SARS-CoV-2

« Coronaviruses are a widespread family of viruses that
typically do not cause severe disease

« SARS-CoV-2 infects cells after its spike protein interacts
with ACE2

— mutations in the spike protein facilitate infection in humans

* The long-term immune response to COVID-19 is
unknown

e There are MANY more coronaviruses out there
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MidAtlantic AIDS Education and Training
Center - Contact Information

Headquarters:

MidAtlantic AIDS Education and Training Center
Department of Infectious Diseases and Microbiology,
Graduate School of Public Health,

University of Pittsburgh

412-624-1895

maaetc@pitt.edu

www.maaetc.org

Linda Rose Frank, PHD, MSN, ACRN, FAAN
Principal Investigator and Program Director
Professor of Public Health, Medicine & Nursing
University of Pittsburgh
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