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Coronaviruses

- Single-stranded, lipid coated RNA
viruses
« Human Coronaviruses
(responsible for 25% of common
colds):
« Alphacoronavirus: NL63, 229E
« Betacoronavirus: HKU1, OC43
« Animal Coronaviruses:
 ALL Betacoronaviruses
« SARS CoV-1 (2002-2004)
« MERS CoV (2012-2015)
« SARS CoV-2 (2019-)
« Rarely cause primary viral
pneumonia or predispose to
secondary bacterial pneumonia.

Washington University School of Medicine in St.Louis
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- Countries affected - 25
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SARS-CoV-2 =50
Attachment Receptor

« Virus binds to the angiotensin- ACE2 ' ”&.,' ACE?
converting enzyme site (ACE2) in S
the respiratory epithelium " Colular Proteases

« Infects both the upper and lower TMPRSSZ '/\c"mﬂw /\' Lh RS

Inhibitor available

re S p I ra tO ry t ra Ct S Neutralization Efficiency by

SARS Convalescent Sera
Pneumonia Lung >
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#% SARS-CoV-2 4 }——_

Pro-inflammatory
Cytokines

Monocytes/Macrophages
Alveolar
Epithelium
Typell and
other cells?

Alveoli

Major Viral Host Interaction

« Delayed or suppressed Type | IFN response during initial
infection

« Viral replication triggers hyperinflammatory conditions

« Influx of activated neutrophils and inflammatory
monocytes/macrophages

« Th1/Th17 is induced and specific antibodies are
produced

Th1/Th17

”’N=  Plasma Cells Hoffmann et al. Cell 2020
B cells Prompetchara et al. APJI. 2020
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Timeline

« Dec 8: First Case Identified
« Dec 26: First Clusterrecognized in

Wuhan
« Jan7: New Virus Identified

 SARS-CoV-2 as cause of COVID-19

« Jan 20: First confirmed human-to-
human transmission

« Jan 30: WHO Public Health
Emergency of International Concern
declared

« Jan 31: US declares Public Health
Emergency

« Diamond Princess, South Korea, Italy

« March 11: Pandemic Declared

Washington University School of Medicine in St.Louis

SARS outhreak 2002-2003

Nov 16: First case

First known case? of atypical pneumonia
in Foshan City, Guangdong Province, China o Nov

Feb 11: Reported to WHO
China reports an outbreak
of acute respiratory symptoms
in Guangdong to WHO
China

300 cases

Dec

Jan

5 deaths

Mar 12: WHO global alert

WHO issues a global alert on
“cases of severe respiratory illness
[that] may spread to hospital staff”

Apr 2: >2000 cumulative cases worldwide

Apr 16: New virus identified

Apr 28: >5000 cumulative cases worldwide

May 28: >8000 cumulative cases worldwide

WHO scientists identify the pathogen s Apr
asa nOVE‘ COFOHBVITUS

Jul 5: Final status
WHO declares worldwide containment

China Outside China
5327 cases 2769 cases
349 deaths 425 deaths

-

COVID-19 outbreak 2019-2020

Dec 8: First case
Onset of symptoms in first known case® of pneumonia with
unknown etiology in Wuhan City, Hubei Province, China )

~
Dec 31: Reported to WHO
China reports a cluster of cases of pneumonia
with unknown etiology in Wuhan to WHO
China

27 cases

0 deaths

Jan 7: New virus identified
Chinese scientists identify the pathogen
as a novel coronavirus

Jan 30: WHO global alert
WHO declares a “public health
emergency of international concern”

China Outside China
7736 confirmed cases 82 confirmed cases
170 deaths 0 deaths

Feb 20: Current status

China Outside China
74675 confirmed cases 1073 confirmed cases
2121 deaths 8 deaths

Wu et al. JAMA. 2020
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SARS-CoV-2 compared to past
epidemics

COVID-19 SARS MERS

1‘.

Mortality rate: ~3% but moving Mortality rate: 9.63% Mortality rate: 34.45%
target
Cases: >180,000 Cases: 8,437 Cases: 2,499
* .
Deaths: 813 Deaths: 861
1 1
Deaths: > 7,000 NBC News

Washington University School of Medicine in St.Louis
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Global Map with Confirmed Cases

Total Confirmed Total Deaths Total Recoverad

187,689 7,494 80,630

JHU CSSE

Washington University School of Medicine in St.Louis
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Current Global Situation

Most western countries are on the same coronavirus trajectory. Hong Kong
and Singapore have so far limited the spread; S Korea is slowing its progress

Cumulative number of cases, by number of days since 100th case ",‘;(;@ . —oChina had 58,761
V\(j?f" cases at 25 days
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FT graphic: John Burn-Murdoch / @jburnmurdoch
Source: FT analysis of Johns Hopkins University, CSSE. Data updated March 14, 19:00 GMT
©FT

Financial Times, 3/14/20
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US Map with Confirmed Cases

Reported Cases (last updated
March 16, 2020)
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Source and Spread

« First detected in Wuhan City, Hubei
Province, China

« Firstinfections were linked to a live 2= Main railway
animal market (December 2019) ! Ta”a”seaf“’d”a’m W<t
« Animal source remains Train Sttor
uncertain: bats > pangolin &
 The virus is now spreading ﬁ
worldwide Wuchang station
- We are still learning how it spreads 1m
and to what extent it may spread in
the US

CDC.Gov
South China Morning Post

Washington University School of Medicine in St.Louis
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Transmission

Transmission is thought to occur
« Mainly, person-to-person via respiratory droplets

« Asymptomatic transmission is possible but the contribution
to overall number of ililness appears to be small

* Close personal contact (within ~6 feet or 2 meters)

« Touching an object/surface with virus and then touching your
mouth, nose or eyes

 No perinatal transmission yet observed

Bodily fluids related to spread of SARS-CoV-2

Very limited data are available but RNA has been detected:

« Upper and lower respiratory tract specimens and BAL fluid

* Blood and stool specimens show live virus, but no epidemiologic
evidence of fecal-oral transmission

CDC.gov

& Washington University School of Medicine in St. Louis
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Transmission

Likelihood of (R Bodily fluids S A Likelihood of
transmission Contact @l ...l il transmission
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Imported and local cases

B Firstimported case M First case of local commission
Jan 13 Jan 18 Jan 23 Jan 28 Feb 2
Thailand Il H
Japan | H
S. Korea | ]
us | u
Taiwan | H
Hong Kong L] [
Vietham |
Singapore n |
Europe O [
Malaysia B B

The patient was infected after attending a meeting in .....
Singapore and confirmed positive in Malaysia

South China Morning Post

Washington University School of Medicine in St.Louis
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Survival on surfaces

Not certain, generally up to 48 hrs on solid surfaces but can
be up to 9 days on other surfaces

Other coronaviruses survival on surfaces:
« Temp, humidity, type of surface
« Easily disinfected with EtOH, peroxide, bleach

Washington University School of Medicine in St.Louis
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Persistence of coronaviruses on different types of inanimate surfaces

Type of surface Yirus Strain / isolate Inoculum (viral titer) Temperature Persistence Reference
steel MERS-CoY Isolate HCoW-EMC /2012 10° 20°C 48 h [211
30°C E—24h
TGEY Unknown 10% 4°C =28d [22]
2000 3-28d
40°C 4—9 h
MHV Unknown 10° 4°C =28 d [22]
20°C 4—-28 d
40°C 4—9 h
HCoY Strain 229E 10° 21°C 5d [23]
Aluminium HCoV Strains 229E and OC43 5x10° 1°C 2—-8h [24]
Metal SARS-CoV  Strain P9 10° RT 5d [25]
Wood SARS-CoV  Strain P9 10° RT 4d [25]
Paper SARS-CoVY Strain P9 10° RT 4-5d [251
SARS-CoVY Strain GVU&109 10° KT 24 h [26]
10° 3h
10t < 5 min
Glass SARS-CoV  Strain P9 10° RT 4d [25]
HCo¥ Strain 229E 10° 21°C 5d [22]
Plastic SARS-CoVY Strain HKU395849 10° 22°-25°C <5d [271
MERS-CoV Isolate HCoV-EMC 2012 10° 20°C 43 h [211
30°C E—24h
SARS-CoV  Strain P9 10° RT 4d [25]
SARS-CoV Strain FFmi1 107 RT 6—9d [28]
HCoV Strain 229E 107 RT 2—6d [28]
PYC HCo¥ Strain 229E 10° 21°C 5d [23]
Silicon rubber HCoV Strain 229E 10° 21°C 5d [23]
Surgical glove (latex) HCoV Strains 229 and OC43 5x10° 21°C =&h [24]
Disposable gown SARS-CoV Strain GYU&109 10° RT 2d [26]
10° 24 h
10* 1h
Ceramic HCo¥ Strain 229E 10° 21°C 5d [23]
Teflon HCoV Strain 229E 10° 21°C 5d [23]

MERS = Middle East Respiratory Syndrome; HCaV = human coronavirus; TGEY = transmissible gastroenteritis virus; MHY = mouse hepatitis virus;
SARS = Severe Acute Respiratory Syndrome; RT = room temperature.

Kampf G, et al. J Hosp. Infect 2020; 31 January (In press)

Washington University School of Medicine in St.Louis
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Virus shedding

« Highest early in the course of disease (vs SARS which
peaks at 5 days after onset)

 Shedding can occur in the 24-48 hrs prior to symptoms
onset and continues for 7-12 days in mild/mod cases and
for >2 weeks in severe cases

« Patients who recover can be PCR positive after symptoms
resolve from 1-4 weeks, but unknown if this equals
presence of infectious virus

Aylward B et al, WHO-China Mission, 2020

Washington University School of Medicine in St.Louis
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Basic Facts
Reproduction

RO (R-nought) SARS-
CoV-2: 2.5

RO Influenza: 1.3
RO Ebola: 2
RO SARS: 4

Case Doubling Time: 5.7
days

MERS

COVID-19
(a.ka.

Oronavirus)

(estimate up to date
as of early March)

Rubella

Influenza Ebola

SARS how many pe-ople will Mumps
catch the disease

&...J s

D ’ e ®
Smallpox Measles
O : ..
O | Il
@ @ @ o0
o®©
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Estimates of transmission and
fatality rate

Fatality rate

(log scale)
100% Bird flu
0 MERS © @ Ebola T
® © Smallpox
20 = More
Spanish flu deadly
10 [&] (8]
SARS
2 New coronavirus
; i Most estimates put the Spreads faster
1 i fatality rate below 3%,
: : and the number of
: :  transmissions between
Swine flu & : 1.5and3.5. Measles ®
0.1 O Pl ) F X
Seasonal Polio
flu L
Common
cold Chickenpox
] ] O | O ] ]
0 1 5 10 15

Average number of people infected by each sick person

Note: Average case-fatality rates and transmission numbers are shown. Estimates of case-fatality rates can
vary, and numbers for the new coronavirus are preliminary estimates.

Sheikh, et al. New York Times 07-Feb-2020
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Current cases, Recovered and
Deaths

150 thousand

100
REeCOVeres
50 /—\_-P
Deaths
0
Jan. 22 Mar. 15

Source: C - for Sys Science an gineering at Johns Hopkins University; al governments. .
ce: Center for Systems Science and Engineering at Johns Hopkins University; Local governments New York Times

Washington University School of Medicine in St.Louis

Last modified 3/17/20



NOVEL
CORONAVIRUS

(COVID-19)

CLINICAL
PRESENTATION

Department of Internal Medicine
Division of Infectious Diseases

Washington University School of Medicine in St.Louis

Last modified 3/17/20



Clinical

features

Jen Babik, UCSF COVID-19 ID Clinical Working Group

Last Updated: March 14, 2020

COVID-19 Adult Clinical Evaluation Guide

Common symptoms:

Dry cough

Fatigue

Uncommon symptoms:

Headache
Nasal congestion

Sore throat
Coughing up sputum
Shortness of breath
Pain in muscles
or joints
Chills

Nausea and/or
vomiting

Diarrhoea

In severe
disease:

High fever

-Coughing up
blood

-Decreased white
blood cells

-Kidney failure

==
QLI

Washington University School of Medicine in St.Louis

Consider COVID-19 in a patient
with any of the following:

* Fever

= Cough

* Shortness of breath

* High risk travel/exposure

Clinical Signs/Symptoms

* Fever seen in >75% of hospitalized cases at some
point but almost 50% are afebrile on admission
Cough 45-80% (dry or productive)
SOB 20-50%
Myalgias 10-50%
URI symptoms (HA, sore throat, rhinorrhea) in <15%
Gl symptoms: N/V in <10%, diarrhea in <25%

|

* Check CBC with diff, BMP, LFTs,
procalcitonin

* Clues to COVID-19: leukopenia,
lymphopenia

|

Labs and Biomarkers

* Median WBC 4.7, with leukopenia in 17-45%
({leukocytosis in <25%)
Lymphopenia in 33-85%
Median platelets normal, slight decrease in <35%
AST/ALT increase in 4-35%
CRP increased in 61-86%, LDH increased in 27-75%
PCT: 20.5 in 5-10% (but higher % if severe or ICU)

Microbiology

* Test for other resp viruses

* Consider blood cultures,
sputum culture

Clues to COVID-19: absence of
other pathogens (but note that
coinfections can occur)

Microbiology

* Coinfection rate with viruses or bacteria is unknown

* The presence of another virus (eg influenza) makes
COVID-19 less likely but does not rule it out

+ Bacterial coinfection might increase with severity of
iliness so bacterial infection in a severely ill patient
does not exclude COVID-19

Imaging
* CXRin all patients

= Consider chest CT if there is
diagnostic uncertainty

Clues to COVID-19: bilateral,
GGO, peripheral distribution

Imaging

+ CXRabnormal in 60% (77% if severe), chest CT
abnormal in B&% (95% if severe)
Unilateral findings on CXR or CT in 14-25%
(especially if mild or early in disease)
Most common findings: GGO and patchy
consolidations (>50%), peripheral distribution =50%

les, LAN, cystic changes, effusion in <10%

Wu et al. JAMA. 2020
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Clinical Spectrum

Coronavirus [COVID-19]: the severity of diagnosed cases in China [SHRUEHE
[ 14 41 onfirme yses Of COVID-1 in China

in Data

escrptions o 44.4 ( 7 nabionwic

Included are confirmed cases in the early period of the autbreak of the disease up to February 11

5% Critical cases

Critical cases Include patients who suffered respiratory failure, septic shock,

2.3% of all cases died

1,023 of the 44 415 infected people, for which
the breakdown is shawn on the right, died,

At d |ag nOS| S . The case fatality rate is therefore 2.3%.
 Mild disease
« Severe: pneumonia

» Critical: ARDS and
septic shock

* 40-50% have
underlying
medical
conditions

« Asymptomatic infection
(<1%), unknown
without serology

and/or multiple organ dyshaction/failure.

14%

k\/ >
Sewere cases include patients sufter from shortness of breath,

Were Cases

respiratory frequency = 3/minute, blood cxygen saturation <93%,
PaQ2/Fi02 ratio <300, and/or lung infiltrates »508 withen 24 -48 howrs

81% Mild cases

Mild cases include a8 patents without pnewnonia
or cases of mikd pneumonia

Cases that were not identified and not diagnosed

Guan WJ et al. N Engl J Med. 2020 Feb 28; CDC
Aylward B et al, WHO-China Mission, 2020

Washington University School of Medicine in St.Louis
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Progression

Most common presentation: 1 week prodrome of myalgias,
malaise, cough, low grade fever that progress gradually
leading to dyspnea in 2" week

« 10-15% of mild/moderate cases become severe
e 15-20% become critical

Exposure
_ to virus
Average times: |
« Median incubation period Incubation period can
5 range from 2 to 14 days
estimated 4-6 days (range 2-14 days) n 0 TTTTT T
 From exposure to symptom onset: Day 1 Day 14
. — Most commonly
2-9 days (median of 5) around five

« From symptom onset to recovery:
« Mild cases: 2 weeks

« Severe cases: 3-6 weeks Aylward B et al, WHO-China Mission, 2020
South China Morning Post

Washington University School of Medicine in St.Louis
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Who Gets Symptomatic Infection?

Based on >44,000 cases

A B C
0-930.4% 0.4% 0.9% _
China
10-19§0.4% 0.7%

20 6.6%

B0 310 000 | 5% 00— 17.0% 5
2 ;
3 140-49 19.2% :
":1', ES() 4% 22.4% '
< 4 .
%0 192% !

E70 79 8.8%  86.6% 30-79 |

80 '

()() ()()' ().500

|

3.3%
0.3%

M:F Ratio 0.99:1

1.04:1

Washington University School of Medicine in St.Louis

1.06:1

China CDC Weekly. 2020
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Determinants of outcome

« Comorbidity and advanced age increase risk for severe
illness and death
« Immunocompromised — no data present

AGE DEATH RATE DEATH RATE
confirmed all cases

PRE-EXISTING CONDITION DEATHRATE  DEATH RATE cases
confirmed cases all cases 80+ years old 21.9% 14.8%
Cardiovascular disease 13.2% 10.5% 70-79 years old 8.0%
Diabetes 9.2% 7.3% 60-69 years old 3.6%
Chronic respiratory disease 8.0% 6.3% 50-59 years old 1.3%
Hypertension 8.4% 6.0% 40-49 years old 0.4%
Cancer 7.6% 5.6% 30-39 years old 0.2%
no pre-existing conditions 0.9% 2p.29 years old 0.2%
10-19 years old 0.2%
0-9 years old no fatalities

Chinese Center for Disease Control and
Prevention (11 Feb 2020)

Washington University School of Medicine in St.Louis
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Fatality rate in mainland
China by age range

44,762 cases
Age 0to 9* -(100%) 91019 200 29 30t0 39 40 to 49
b/
7,600 8,571
3,619 (17%) (19.2%)
416 549 (8.1%)
(0.9%) (1.2%)
Fatality rate - 0% 0.2% 0.2% 0.2% 0.4%
Age 50to 59 60 to 69 70t0 79 80 or more
10,008
: 8,583
(22.4%) (19.2%) 3,918

(8.8%) 1,408
(3.2%)

~1.3% 3.6% 8% 14.8%

Fatality rate -

*The 416 cases of children aged nine years or below, account for 0.9 per
cent of the total, with zero fatalities

South China Morning Post

Washington University School of Medicine in St.Louis

Last modified 3/17/20



Incidence of severe events (%)

Special Populations — Patients with

Cancer

A
80+ [ Invasive ventilation or ICU admission,
or death, plus dinical indication
704 [ Invasive ventilation or ICU admission, or death

No cancer Cancer survivors

Patients with
cancer

Probability of severe events (%)

B
807 —— Patients without cancer
—— Patients with cancer
Hazard ratio 3-56 (95% Cl 1-65-7-69)
60
40
3 i
204 [_—‘F_J
=
- J"r—
el A3 _.—'—"_"—'_’_’—J
g_'_’_,—'—'_’_'_l_d
0 T T T ]
0 10 20 30 40

Time after disease onset (days)

Liang et al. Lancet Oncology. 2020
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Table 2. Radiographic and Laboratory Findings.*

All Patients
Variable (N=1099) Disease Severity Presence of Composite Primary End Point
° ° Nonsevere Severe Yes No
(N=926) (N=173) (N=67) (N=1032)
Radiologic findings
Abnormalities on chest radiograph — no./total no. (%) 162/274 (59.1) 116/214 (54.2) 46/60 (76.7) 30/39 (76.9) 132/235 (56.2)
Ground-glass opacity 55/274 (20.1) 37/214 (17.3) 18/60 (30.0) 9/39 (23.1) 46/235 (19.6)
Local patchy shadowing 77/274 (28.1) 56/214 (26.2) 21/60 (35.0) 13/39 (33.3) 64/235 (27.2)
Bilateral patchy shadowing 100/274 (36.5) 65/214 (30.4) 35/60 (58.3) 27/39 (69.2) 73/235 (31.1)
Interstitial abnormalities 12/274 (4.4) 7/214 (3.3) 5/60 (8.3) 6/39 (15.4) 6/235 (2.6)
Abnormalities on chest CT — no./total no. (%) 840/975 (86.2) 682/808 (84.4) 158/167 (94.6) 50/57 (87.7) 790/918 (86.1)
- - . Ground-glass opacity 550/975 (56.4) 449/808 (55.6) 101/167 (60.5) 30/57 (52.6) 520/918 (56.6)
Ra d IO g ra p h IC . Local patchy shadowing 409/975 (41.9) 317/808 (39.2) 92/167 (55.1) 22/57 (38.6) 387/918 (42.2)
Bilateral patchy shadowing 505/975 (51.8) 368/308 (45.5) 137/167 (82.0) 40/57 (70.2) 465/918 (50.7)
H Interstitial abnormalities 143/975 (14.7) 99/808 (12.3) 44167 (26.3) 15/57 (26.3) 128/918 (13.9)
® CXR - Bllate ra I patchy Laboratory findings
. Median Paoy:Fio, ratio (IQR){ 3.9 (29-4.7) 3.9 (2.9-4.5) 4.0 (2.8-5.2) 29 (2.2-5.4) 4.0 (3.1-4.6)
S h a d OWI n g White-cell count
Median (IQR) — per mm?® 4700 4900 3700 6100 4700
(3500~ 6000) (3800-6000) (3000-6200) (4900-11,100) (3500 5900)

e CT = Ground g lass Distibuton — no.fotal o. (4

10,000 per mm?® 58/978 (5.9) 39/811 (4.8) 19/167 (11.4) 15/58 (25.9) 43/920 (4.7)

O p a C ity <4000 per mm? 330/978 (33.7) 228/811 (28.1) 102/167 (61.1) 8/58 (13.8) 322/920 (35.0)

Lymphocyte count

Median (IQR) — per mm? 1000 1000 800 700 1000
(700-1300) (800-1400) (600-1000) (600-900) (700-1300)
Distribution — no. total no. (%)
<1500 per mm? 731/879 (83.2) 584/726 (80.4) 147/153 (96.1) 50/54 (92.6) 681/825 (82.5)
La b O ra to ry : Platelet count
Median (IQR) — per mm? 168,000 172,000 137,500 156,500 169,000
(132,000-207,000) (139,000-212,000) (99,000-179,500) (114,200-195,000) (133,000-207,000)
H H Distribution — no. /total no. (%)
® Ly m p h O p e n Ia (W It h <150,000 per mm? 315/869 (36.2) 225/713 (31.6) 90/156 (57.7) 27/58 (46.6) 288/811 (35.5)
. . Median hemoglobin (IQR) — g/dlt 13.4 (11.9-14.8) 13.5 (12.0-14.8) 12.8 (11.2-14.1) 12.5 (10.5-14.0) 13.4 (12.0-14.8)
e It h e r I e u ko Cyto S I S O r Distribution of other findings — no./total no. (%)
. C-reactive protein =10 mg/liter 481/793 (60.7) 371/658 (56.4) 110/135 (81.5) 41/45 (91.1) 440/748 (58.8)
Ie u ko p e n Ia ) Procalcitonin =0.5 ng/ml 35/633 (5.5) 19/516 (3.7) 16/117 (13.7) 12/50 (24.0) 23/583 (3.9)
Lactate dehydrogenase =250 U/ liter 277/675 (41.0) 205/551 (37.2) 72/124 (58.1) 31/44 (70.5) 246/631 (39.0)
Aspartate aminotransferase >40 U /liter 168/757 (22.2) 112/615 (18.2) 56/142 (39.4) 26/52 (50.0) 142/705 (20.1)
[ ] I n fI a m m a to ry m a r ke rS Alanine aminotransferase >40 U/liter 158/741 (21.3) 120/606 (19.8) 38/135 (28.1) 20/49 (40.8) 138/692 (19.9)
. Total bilirubin >17.1 ymolliter 76/722 (10.5) 59/594 (9.9) 17/128 (13.3) 10748 (20.8) 66/674 (9.8)
a re n Ot a s CO n S Iste n t Creatine kinase =200 U/liter 90/657 (13.7) 67/536 (12.5) 23/121 (19.0) 12/46 (26.1) 78/611 (12.8)
Creatinine 2133 ymol/liter 12/752 (1.6) 6/614 (1.0) 6/138 (4.3) 5/52 (9.6) 7/700 (1.0)
o-dimer 20.5 mg/liter 260/560 (46.4) 195/451 (43.2) 65/109 (59.6) 34/49 (69.4) 226/511 (44.2)
Minerals§
Median sodium (IQR) — mmol/liter 138.2 (136.1-140.3)  138.4 (136.6-140.4)  138.0 (136.0-140.0) 138.3 (135.0-141.2) 138.2 (136.1-140.2)
Median potassium (IQR) — mmol/liter 3.8 (3.5-4.2) 3.9 (3.6-4.2) 3.8 (3.5-4.1) 3.9 (3.6-4.1) 3.8 (3.5-4.2)
Median chloride (IQR) — mmol/liter 102.9 (99.7-105.6) 102.7 (99.7-105.3) 103.1 (99.8-106.0) 103.8 (100.8-107.0) 102.8 (99.6-105.3)

* Lymphocytopenia was defined as a lymphocyte count of less than 1500 per cubic millimeter. Thrombocytopenia was defined as a platelet count of less than 150,000 per cubic millime-
ter. To convert the values for creatinine to milligrams per deciliter, divide by 88.4.
T Data regarding the ratio of the partial pressure of arterial oxygen to the fraction of inspired oxygen (Pao,:Fio,) were missing for 894 patients (81.3%).

Guan et al NEJM 2020 1 Data regarding hemoglobin were missing for 226 patients (20.6%).

§ Data were missing for the measurement of sodium in 363 patients (33.0%), for potassium in 349 patients (31.8%), and for chloride in 392 patients (35.7%).
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Influenza vs COVID-19

Influenza COVID-19
Clinical Presentation
Onset Sudden Gradual
Fever, cough, body aches Common Common
Rhinorrhea/congestion Sometimes Rare
Secondary bacterial pneumonia Common Rare
Risk for severe infection Children, pregnant, Older age and
elderly, underlying
comorbidities, conditions
immunosuppressed (cardiopulmonary)
Transmission
Incubation Period Short Up to 14 days
Serial Interval (time between 3 days 5-6 days
successive cases)
Pre-symptomatic Major driver Possible
RO 1.3 2.5

Washington University School of Medicine in St.Louis
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Influenza vs COVID-19

in Data

Case fatality rates: COVID-19 vs. US Seasonal Flu Our World

N e = Ngher than the fiy
Seasonal Flu COVID-19
for the influenza season 2018-19 in the USA. Case fatality rates lor the COVID-192 outbreak in China
for the period up to February 11, 202

Case fatality rates

Symptomatic cases are calculated based on modets which aim to account for
underreporniing 'rw.'v'\

ped on medical visits are theretors also shown in square

brackets, which may be a closar comparison to COVID- 17 case fatality rates
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Total Tests

Total COVID-19 tests performed by country
Most recent data available from official sources as of 13 March 2020 - 9.00GMT

China - Guan%d:ung S S 320, DDD Feb 24, 2020)
I 25,647 (Mar 13, 2020)

South Korea
taly I 5,011 (Mar 12, 2{‘:20
F‘.u*‘;la I/ . 763 (Mar 11, 2020)
United Kingdom I 29,764 (Mar 12, 2020)
Taiwan I 16,089 (Mar 13, 2020

United States - COC samples te*‘ted I 13624 (Mar 12, 2020)

Japan MW 10,205 (Mar 12, 2020)
] Bzhrain @ 2,201 (Mar 12 2020)
Australia - New South Wales |l 8,008 (Mar 8, 2020}
Morazy [l 8,000 (Mar 12, 2020
United States - COVID-Tracking prcjﬂct M 7,234 [Mar 12, 2020}
France @ 6,628 (Mar 3, 2020}
Austria @ 6,582 | Mar 13, 2020)
Metherlands @ 6,000 (Mar 7. 2020)
Thailand @ 5.232 "Mar 12, 2020)
Vietnam B 4,588 !,‘u-‘ar 12, zD.»:DJ
Canada - Alberta B 4,288 (Mar 12, 2020]
Canada- Ontario B 4,185 -Mar 12 EGZG-
India B 4,058 (Mar &, 2020
Malaysia B 4.010 (Mar 17, ECIZCI
Denmark B 3,839 (Mar 13, ED..CDJ
Slovemia 1 3,038 (Mar 12, 2020)
Czech Re I.||:||I c | 2,333 (Mar 12, 2020)
and | 2,234 !_Var 12, 2020]
Canada - British Cn::luml::-la | 2,008 (Mar &, 2020)
Ireland | 1, ?EL Mar 2, 2020)
Finland | 200 (Mar 11, 2020)
Hun ary | 858 (Mar 13, 2020)
Iceland | 85& (Mar 11, 2020)
Slovakia | 833 (Mar 12, 2020)
Philippines | 717 (Mar 12, EGEG-

Australia - Australian Capital Territory | 649 | }Mar 13, EGEG-
South Africa | 6435 (Mar 11, EGEG-

Lithuania | 366LMar'13 2020]
Croatia | 344 (Mar 9, 2020}

Mew Zealand | 338 (Mar 11, 2020)
Armenia | 211 (Mar 9, 2020)

@ Add country
0 50,000 100,000 150,000 200,000 250,000 300,000
Source: Our World in Data based on official country reports CCBY
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Coronavirus Tests Per One Million People

Total tests v

Greece
Czech Republic

United Kingdom

Austria
Australia
Italy
South Korea
Coronavirus Cases and Daily Testing by Country
United States Italy
W 25,000 specimeans tested W 134,000 tesis
W 4 400 confirmed cases W 23,000 confirmed casas
10,000

C.D.C. data from March 12
to 16 is incomplete.

5,000

Washington University School of Medicine in St.Louis

100 1,000 2,000 3.000 4,000 5,000

South Korea

W 274 000 people tested
W 3,200 confirmed cases

10,000

5,000
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Available testing

« Qualitative molecular assays (PCR) in respiratory samples

« For any testing for respiratory pathogens, sample collection has a
critical impact on the quality of the result. A poorly collected NP
swab can contribute to false negative results

« Patients being tested for COVID-19 should also have routine
testing performed for common pathogens with overlapping
symptoms (i.e. Influenza/RSV)

« Co-infection rate with other respiratory viruses <=2%

Washington University School of Medicine in St.Louis
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Testing Criteria

Clinicians should use their judgment to determine if a patient
has signs and symptoms compatible with COVID-19 and
whether the patient should be tested:

« QOutpatient and Emergency Medicine
« Compatible symptoms: cough, fever, difficulty breathing

« Epidemiologic link: any persons (including healthcare workers) who
have had close contact with a laboratory-confirmed COVID-19 patient
within 14 days of symptom onset, a history of travel from affected
geographic areas within 14 days of symptom onset(China, Iran, Most
of Europe, Japan, South Korea)

« Inpatient

« Requires compatible symptoms(same as above), epidemiologic

link(same as above), and negative respiratory viral panel (RVP) with
no other etiology for symptoms

Washington University School of Medicine in St.Louis
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How to test at BJH

« Testing can be ordered in Epic Specimens:

using “COVID-19 Coronavirus” (Lab . Nasopharyngea| swab (NP)

Number LAB4920) - BAL, Tracheal aspirate, Sputum,

* Lab Medicine Resident (LMR) will Nasopharyngeal wash/aspirate,
contact the ordering provider to Nasal aspirate (if available): 2-3 mL
review the case. in a sterile container.

« If the order is denied and the T
ransport to the laboratory promptly.
ordering provider disagrees with P y P Pty

LMR, the discussion can be
escalated to the ID attending on
call.

« IP is automatically notified

« Microbiology can assist with
collection instructions.

« Testing is done in-house or as send
out to Quest, LabCorp or University
of Washington depending on supply
and availability

Washington University School of Medicine in St.Louis
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BJH Employee Travel Restrictions
As of 3/17/2020

Travel Destinations Requiring Employee Furlough

China Seattle/King County, Washington (U.5.)
Iran MNorthern California (Bay Area) (U.S.)
Japan Westchester County, New York (US)
South Korea New York City, New York (US.)
Egypt Eagle, Summit, Pitkin and Gunnison counties, Colorado (U.S.)
*Europe Utah (ski resorts)
Ocean or river cruise

*Europe includes Austria, Belgium, Czech Republic, Denmark, Estonia, Finland, France, Germany,
Greece, Hungary, Iceland, Ireland, Italy, Latvia, Liechtenstein, Lithuania, Luxembourg, Malta, the
Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland, the
United Kingdom, Monaco, San Marino and Vatican City.

Travel Destinations Requiring Employee Masking

Massachusetts (U.S) Louisiana (U.5.)
Florida (U.S.) Mew Jersey (US)
Georgia (U.S)

Travel Destinations OH Will Assess Need for Masking
Region

Washington state (U.5.) outside King County/Seattle Oregon (US)
California (U.5.) outside Northern California (Bay Area) Chicago

MNew York state (U.S.) outside Westchester County or New York City
Colorado (U.5.) outside Eagle, Summit, Pitkin and Gunnison counties

Washington University School of Medicine in St.Louis
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Patient Disposition

« Inpatient

« Placement on COVID-19 precautions and transfer (call patient placement for
transfer) to COVID unit

« Arranged by the ordering provider

« Any inpatient tested for COVID is put in a NPV room in the MICU (up to 3
patients) and 8200 for more than 3 patients

* Non critically ill COVID patients will be cohorted on 5200
« Qutpatient

« Medically stable patients are instructed in home quarantine by ordering provider

« Emergency Department

« Medically stable patients are instructed in home quarantine by ordering provider

- If requiring admission, patients must be placed on COVID-19 precautions and
transfer to COVID unit (call patient placement to arrange transfer)

Washington University School of Medicine in St.Louis
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Hand hygiene

« Wash your hands often
with soap and water for at
least 20 seconds

« If soap and water are not
readily available, use an
alcohol-based hand
sanitizer with at least 60%
alcohol

« Coronavirus has an outer
lipid membrane layer that
can be dissolved by soap

Q%p

Front

A\

AREAS LESS
LIKELY TO
BE MISSED
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5 l[ -

/A[
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AREAS MORE
LIKELY TO
BE MISSED

South China Morning Post
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PPE Required for COVID-19
P P E Contact + Airborne with N95 + Eye Protection

All persons entering the g All persons entering the :;{_1_
Evaluating PUI or confirmed felowmn . earhe room should wearthe
COVID-19 case: : ﬁggnrespirator : g:;:/CAPR =
e Standard precautions OSGlsi%?;(ljes or face Y h | #Gloves y |
« Contact precautions ¢ Gloves
 Facemask ! [ ] '.

° Eye p rOteCtlo n Use safe work practices to protect yourself and limit the spread of contamination:
¢ Perform hand hygiene

¢ Keep hands away from face

4 Change gloves when torn or contaminated

Airborne isolation: only if
undergoing aerosol generating
procedures - intubation,
bronchoscopy, nebulization

& &

Surgical Masks N95

HealthCare

V2 03/02/20

South China Morning Report
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Removing Personal
Protective Equipment (PPE)

Safe Doffing Bl sonmons

Grasp outside of glove with opposite gloved hand, peel off.

Hold removed glove in gloved hand.

Slide fingers of ungloved hand under remaining glove at wrist without
touching outside of glove.

Peel glove off over first glove.

Discard gloves in waste container.

If wearing gown and gloves — can remove together (see gown removal).

% Goggles or Face Shield
+ Qutside of goggles or face shield is contaminated!
+ To remove, handle by head band or ear pieces.
+ Clean according to facility guidelines, place in designated receptacle for
reprocessing or discard in waste container.

4 Gown
Gown front and sleeves are contaminated!
Lise clean hands to unfasten back ties (if needed).
Pull away from neck and shoulders; break neck/back ties.
Turn gown inside out. Can remove gloves with gown,
Fold or roll into a bundle and discard.

% Isolation Mask, N95 Respirator/PAPR"/CAPR""
+ Front of mask/respirator is contaminated - do not touchl
+ Grasp bottom, then ties or elastics and remove.
+ Discard in waste container.

%+ Hand Hygiene
+ Perform hand hygiene after removal of PPE.

"PAPR — Powered Air Purifving Respiralor

“CAPR — Controded Aif Purdying Respirator 13/17 HealthCare

Washington University School of Medicine in St.Louis
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No5 Reuse Policy

« Due to increased international demand, BJC Healthcareis
experiencing a shortage of N95 respirators.

« Employees needing an N95 for their task(s) should obtain
an appropriate respirator from their unit leader(s), along
with paper bag and instructions for reuse:

« Write first and last name on paper bag
« Use NS5 per standard protocol

« After use, remove N95 per standard doffing sequence and
place in pre-labeled paper bag for reuse

« Discard if: Visibly soiled, moist or wet, used during aerosol-
generating procedures, used for patient on contact isolation
with multi-drug resistant organism, used for patient on
contact isolation for active varicella zoster virus or herpes
zoster

& Washington University School of Medicine in St. Louis
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Environmental cleaning

« Cleaning and disinfection practices and
products should be used for routine
cleaning of COVID-19 patient rooms and
equipment.

 EPA requires cleaning products have a
label claim for emerging pathogens or for
coronaviruses, influenza and other
respiratory viruses.

« PDI wipes, our most common hospital
disinfectant, have this label claim.

Kills

caif
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 All other BJC-approved disinfectants meet ﬂsmcm
this criteria under standard purchasing )
practices. =i
e
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Inactivation of coronaviruses by different types of biocidal agents in suspension tests

Biocidel agent Concentration Virus Strain ¢ Bolate Expasure time Reduction of Reference
wiral infectivity
{leguol
Ethanaol 95% SARS-CoV Isolate FFM-1 s =55 [29]
5% SARS-CoV Isolate FFM-1 s =55 [29]
ao% SARS-CoV Isolate FFM-1 s =43 [29]
ao% MERS-CoV  Strain EMC s = 4.0 [14]
TEX SARS-CoV Isolate FFM-1 s = 5.0 [28]
Jo% MHY Strains MHY-2 10 min = 3.9 [30]
and MHY-M
To% ooy Strain -1 10 min =33 [30]
2-Propanol 100% SARS-CoV Isplate FFM-1 s >33 [28]
5% SARS-CoV Isplate FFM-1 s = 4.0 [14]
5% MERS-CoV  Strain EMC ins = 4.0 [14]
To% SARS-CoV Isolate FFM-1 s =33 [28]
50% MHY Strains MHY-2 10 min = 3.7 [30]
and MHY-M
50% ooy Strain 71 10 min = 3.7 [30]
2-Propanol and 45K and 30% SaRS-CoV Isolate FFM-1 i0s = 4.3 [29]
1-propanol SARS-CoV Isplate FFM-1 s =18 [28]
Benzalkonium chloride 0.1% HCoW ATCC VR-T59 10 min 0.0 [31]
{strain QC43)
0.05% MHY Strains MHY-2 10 min = 3.7 [30]
and MHY-M
0.05% ooy Strain -1 10 min = 3.7 [30]
0.00175% ooy Strain 5378 3d 3.0 [32]
Didecyldimethyl 0.0025% ooy Strain 5378 3d = 4.0 [32]
ammoniuem chloride
Chlorhexidine 0.02% MHY Strains MHY-2 10 min 0.7-0.8 [30]
digluconate and MHY-H
0.02% ooy Strain -1 10 min 0.3 [30]
Sodium hypochlorite 0.1% MHY Strain MHV-1 s = 4.0 [33]
0.mM% MHY Strains MHY-2 10 min 1.3-2.48 [30]
and MHY-N
0.01M% ooy Strain -1 10 min 1.1 [30]
0.001% MHY Strains MHY-2 10 min 0.3-0.6 [30]
and MHY-N
0.001% ooy Strain -1 10 min 0.9 [30]
Hydrogen peroxide 0.5% HCoW Strain 229E 1 min = 4.0 [34]
Formaldehyde 1% SARS-CoV Isolate FFM-1 1 min = 3.0 [28]
0.7% SARS-CoV Isolate FFM-1 1 min = 3.0 [28]
0.7% MHY 10 min = 3.5 [30]
0.7% ooy Strain -1 10 min = 3.7 [30]
0.00%% ooy Mh = 4.0 [35]
Glutardialdehyde 2.5% SaRS-CoV Hanod strain 5 min = 4.0 [38]
0.5% SARS-CoV Isolate FFM-1 1 min = 4.0 [28]
Povidone iodine 7.5% MERS-CaoV Isplate HCoW-EMC 202 15s 4.6 [37
4% MERS-CaoV Isplate HCoW-EMC/ 202 15s 5.0 [37
1% SaRS-CoV Hanod strain 1 min = 4.0 [38]
1% MERS-CaV Isolate HCoV-EMC/20M2 153 4.3 [37
0.47% SaRS-CoV Hanod strain 1 min 38 [38] .
0.25% SARS-CoV  Hanoi strain 1 min =40 €] Kampf G, et al. J Hosp. Infect 2020;
0.23% SARS-CoV Hanoi strain 1 min = 4.0 [36] 31 January
0.13% SARS-CoV Isolate FFM-1 15s = 4.4 [38]
0.13% MERS-CoV Isplate HCoV-EMC/20M2 1535 = 4.4 [38]

SMRS = Severe Acute Respiratory Syndromme; MERS = Middle East Respiratory Syndrome; MHY = mouse hepatitis virus; COV = canine coranavirus;
HCoY = human coronavins.
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STOP THE SPREAD OF GERMS

. SEASE
P reve ntlng Help prevent the spread of respiratory diseases like COVID-19.

S p r e a d Cover your cough- or sneeze with a tissue,
then throw the tissue
in the trash.
- Diligent hand washing )
with soap and water.

« Respiratory etiquette e o ey
« Avoiding touching the é
face
« Social distancing and T ——
avoiding close contact V4
with ill individuals m—
« Cleaning and disinfecting it sl
objects and surfaces that /}g{\“
are frequently touched. - m .

For more information: www.cdc.gov/COVID19

Last modified 3/17/20
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Community
mitigation

# of Without
cases Protective Healthcare system capacity

Measures

Time since first case
Adapted from CDC / The Economist
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Therapeutic interventions and
goals

« No approved drugs
« Experimental: remdesivir, combination lopinavir/ritonavir,
therapeutic antibodies

« Vaccines
Immediate Goals Intermediate Goals
Diagnostics: RNA assays, antibody  Diagnostics: Multiplex Diagnostics: Prognostic markers
& antigen assays, point of care diagnostic platforms
detection
Therapeutics: Remdesivir, Therapeutics: intravenous Therapeutics: Innovative approaches
favipiravir, chloroquine, plasma, immunoglobulin (IVig) (CRISPR-CAS; RNAI; Cell-based;
TCM positive hits from library screening)

Vaccines: Development of animal  Vaccines: mRMA candidates  Vaccines: inactivated candidates and
models and candidate viral vectors subunit candidates

WHO.int
Last modified 3/17/20
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Management Options

« Methylprednisolone: No benefit for SARS or MERS, prolonged shedding

« IVIG/Convalescent Plasma: Studies starting, not yet available in US (no COVID-19 Ab
in IgIV)

« Lopinavir-Ritonavir

« Chloroquine

« IL6 Blockers: Tocilizumab, TZLS-501

- Remdesivir

» Others

o ASCo9/ritonavir, lopinavir/ritonavir with or without umifenovir

o ASCo9/oseltamivir, ritonavir/oseltamivir, oseltamivir (high dose)

o ACEI/ARB - start vs. stop?

o Baloxavir marboxil/favipiravir and lopinavir/ritonavir in combination(s)

o Hydroxychloroquine

o Darunavir/cobicistat alone or with lopinavir/ritonavir and thymosin a1 in combination(s)
o Interferon alfa-2b alone or in combination with lopinavir/ritonavir and ribavirin

o Camrelizumab and thymosin

Washington University School of Medicine in St.Louis
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Remdesivir (GS-5734)

« Investigational agent, novel nucleotide analogue with activity against SARS-
CoV-2 and related coronaviruses (SARS and MERS-CoV) both in vitro and
animal studies

« Several randomized trials are underway to evaluate the efficacy for
moderate or severe COVID-19

« Compassionate use in some institutions

 Used for first COVID-19 case in the US without adverse events
 Clinical impact on COVID-19 remains unknown

* Not yet licensed or approved anywhere globally and has not been
demonstrated to be safe or effective for any use

Holshue et al. NEJM 2020
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Flowchart

PUI for COVID-19 (compatible
signs/symptoms, epidemiologic
factors*, clinical course)

1. Contact IP to implement
for CO \/ ID—19 appropriate IP practices

* Any persons, including HCW, who have had close contact with a
laboratory-confirmed COVID-19 patient within 14 days of symptom
onset, history oftravel from affected geographic areas within 14 days of
symptomonset.

Washington University School of Medicine in St.Louis

2. Test for other
respiratory viruses

Standard, contact

precautions, isolation 3. If

mask and eye
protection

negative proceed with COVID-
19 testing

Place order in
Epic

Lab Medicine Resident will

contact ordering provider to

discuss case

If approved proceed with
collecting samples

If denied contact ID
attending on call to
discuss case

Only NP swab
required




When to contact Occupational
Health?

« If you have an unprotected exposure (i.e., not wearing
recommended PPE) to a confirmed or possible COVID-19
patient, contact your supervisor or occupational health
immediately.

« If you develop symptoms consistent with COVID-19 (fever,
cough, or difficulty breathing), do not report to work.
Contact occupational health.

Last modified 3/17/20
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