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Emerging infectious diseases

* Emerging infectious diseases are diseases
* newly recognized,
* newly introduced
* newly evolved, or

« that have recently and rapidly changed in incidence or expansion in
geographical, host or vector range

* In 2008, a seminar listed 335 new human pathogens discovered
between 1940 and 2004
* 60.3% originated from (wild) animal reservoirs (zoonotic)

« Approximately 20% transmitted from animal reservoir hosts to humans by
disease vectors (ticks, mosquitos, midges)

(Petersen E et al CMI 2018;24:369-75)
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Illustration of five stages through which pathogens of animals evolve to cause diseases confined to humans.
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One Health concept

* One Health recognizes that the health of people is connected to the
health of animals and the environment

* The goal of One Health Is to encourage the collaborative efforts of
multiple disciplines-working locally, nationally, and globally-to
achieve the best health for people, animals, and our environment

(Petersen E et al CMI 2018;24:369-75)



Emerging infections- an increasingly important topic:
review by the Emerging Infections Task Force

* At least four major drivers of emergent infections:
* Increasing density of the human population;
» stress from farmland expansion on the environment;
« globalization of the food market and manufacturing;
 environmental contamination

* The factors creating new opportunities for emerging infections include
 population growth;

spread in health care facilities;

an ageing population;

International travel,

changing and expanding vector habitats

(Petersen E et al CMI 2018;24:369-75)



Emerging infections- an increasingly important topic:
review by the Emerging Infections Task Force

Conclusions :
« Emerging infections are unpredictable

* The authors argue that

e To discover new trends in infectious diseases, the clinicians have to look for
the unusual and unexpected and ensure proper diagnostics

« Syndromic surveillance must be supported by highly specialized laboratory
services

« Mathematical modeling has not been able to predict outbreaks
« More emphasis on the biology of evolution is needed.

 EID rarely stands out as unusual, and the continuous pressure on health care
budgets forces clinicians and laboratories to prioritize their diagnostic work-up to
common and treatable conditions

(Petersen E et al CMI 2018;24:369-75)
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Taxonomy of the Viruses

* Named as "2019-nCoV" (2019 novel coronavirus) by WHO initially

* "the new coronavirus", "the Wuhan coronavirus”, or simply "the
coronavirus‘

* On 11 February 2020, ICTV introduced the name severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)

* Earlier the same day, the WHO officially renamed the disease caused
by the virus strain from 2019-nCoV acute respiratory disease to
"'coronavirus disease 2019" (COVID-19)

« SR BE KB4 7 (Severe Pneumonia with Novel
Pathogens )
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Global Situation
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Virology of SARS-CoV-2

 Coronaviruses (CoV), first discovered in the 1960s, are a large family
of viruses.

. gronr(?r?gcgrl"]?r?]z\llél Order Nidovi;;ia (Drug Dis Today 2020)
* Rarely, animal 4
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Dvug Discovery Today




Virology of SARS-CoV-2

* A positive-sense single-stranded (+ssRNA) virus

 The seventh known coronavirus to infect people, after 229E (alpha-
CoV), NL63 (alpha-CoV), OC43, HKU1, MERS-CoV, SARS-CoV

* A member of the subgenus Sarbecovirus (Beta-CoV lineage B)
* RNA sequence approximately 30,000 bases in length

 Angiotensin converting enzyme 2 (ACE2) demonstrated as the
receptor for 2019-nCoV

(Drug Dis Today 2020)



Hosts and conseqguences Natural host Intermediate host Viral receptor Human host Human disease
of human CoV infection
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Tracking changes in SARS-CoV-2 Spike: evidence that
D614G increases infectivity of the COVID-19 virus

(Korber B et al. Cell 2020;182:812-27. e19) e
Global Transition

« A SARS-CoV-2 variant carrying the s
Spike protein amino acid change 60% G614
D614G has become the most prevalent gl TR

form in the global pandemic

] ] Jan 11 Feb 22 Apr 4 May 16 2020
« The G614 variant may have a fitness
advantage G614 emerges in Europe

* In infected individuals, higher upper Magnitude of Infection
respiratory tract viral loads, though L9 5 A
not with increased disease severity




Incubation period of|" ..

0.204

* Incubation period
* The time between infection and the onset ©

 Current estimates of the incubation period
estimates will be refined as more data becg = oos-

* Based on information from other coronavil 000 | s |
SARS, the incubation period of 2019-nCo\ 0 7 14 21

Days from Infection to Symptom Onset

0.154

0.104

Relative Frequency

« The mean incubation period 5.2 days (95% CI, 4.1 to 7.0), with the 95th
percentile of the distribution at 12.5 days (examined data on exposures

among 10 confirmed cases)
(Li Q et al NEJM 2020)



Incubation period of 2019 novel coronavirus (2019nCoV)
Infections among travelers from Wuhan, China, 20-28 January

2020 (Becker JA et al Euro Surveill. 2020;25(5):pii=2000062)

 Using the travel history and symptom onset of 88 confirmed cases
that were detected outside Wuhan in the early outbreak phase
« Ages range from 2 to 72 years of age
« 63 were Wuhan residents who travelled elsewhere and 25 were visitors who
stayed in Wuhan for a limited time

By taking the date of symptom onset and travel history together, we inferred
the possible incubation period for each of these cases

 Estimate the mean incubation period 6.4 days (95% credible interval:
5.6—7.7), ranging from 2.1 to 11.1 days (2.5th to 97.5th percentile).

* These values should help inform 2019-nCoV case definitions and
appropriate guarantine durations



How Is the virus that causes COVID most commonly
transmitted between people? (WHO Q & A July 9, 2020)

 Current evidence suggests that COVID-19 spreads between people through direct,
Indirect (through contaminated objects or surfaces), or close contact with infected

people via mouth and nose secretions
* Include saliva, respiratory secretions or secretion droplets
 People who are in close contact (within 1 metre) with an infected person can
catch COVID-19 when those infectious droplets get into their mouth, nose or
eyes
 People with the virus may leave infected droplets on objects and surfaces

such as tables, doorknobs and handrails; other people may become infected by
touching these objects or surfaces, then touching their eyes, noses or mouths

before cleaning their hands



What do we know about aerosoal transmission?

(WHO Q & A July 9, 2020)

« Some medical procedures can produce very small droplets (called aerosolized

droplet nuclei or aerosols) that are able to stay suspended in the air for longer
periods of time

« When such medical procedures are conducted on people infected with COVID-19
In health facilities, these aerosols can contain the COVID-19 virus, may

potentially be inhaled by others if they are not wearing appropriate personal
protective equipment

 Reported outbreaks of COVID-19 in some closed settings, such as restaurants,
nightclubs, places of worship or places of work where people may be shouting,
talking, or singing, aerosol transmission cannot be ruled out



Aerosol and Surface Stability of SARS-CoV-2 as
Compared Wlth SARS'COV‘]. (van Doremalen N et al NEJM 2020)

* Aerosols (<5 pm) containing SARS-CoV-2 (10°%° 50% tissue-culture
infectious dose [TCID50] per mL) or SARS-CoV-1 (10675700 TCID50 per
mL) were generated with the use of a three-jet Collison nebulizer and fed
Into a Goldberg drum to create an aerosolized environment

« The inoculum resulted in cycle-threshold values between 20 and 22, similar to those
observed in samples obtained from the upper and lower respiratory tract in humans

* 10 experimental conditions involving two viruses (SARS-CoV-2 and
SARS-CoV-1) In five environmental conditions (aerosols, plastic, stainless
steel, copper, and card-board)

 All experimental measurements are reported as means across three
replicates
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Aerosol and Surface Stability of SARS-CoV-2 as Compared
W|th SARS'COV‘]. (van Doremalen N et al NEJM 2020)

o Stability of SARS-CoV-2 was similar to that of SARS-CoV-1 under
the experimental circumstances tested

« (Differences in the epidemiologic characteristics of these 2 viruses
 High viral loads in the upper respiratory tract and the potential for persons
Infected with SARS-CoV-2 to shed and transmit the virus while asymptomatic)
 Aerosol and fomite transmission of SARS-CoV-2 is plausible, since

the virus can remain viable and infectious in aerosols for hours and on
surfaces up to days



Alr, surface environmental, and personal protective equipment

contamination by SARS-CoV-2 from a symptomatic patient
(Ong SWX et al JAMA 2020)

Table 1. Sampling Time Points in Relation to Patient lliness and Clinical Cycle Threshold Values

Days of illness Presence
when samples of symptoms Before/after Cycle threshold value
Patient were collected during sampling Symptoms Disease severity® routine cleaning from clinical samples”
A 4,10 Yes, both days Cough, fever, Moderate After 31.31 (day 3);
shortness of breath 35.33 (day 9)
B 8,11 Yes on day 8; Cough, fever, Moderate After 32.22 (day 8);
asymptomatic sputum production not detected (day 11)
onday 11
C 5 Yes Cough Mild Before 25.69 (day 4)

 After routine cleaning, all samples were negative

 Before routine cleaning, positive results in 13 (87%0) of 15 room sites
(including air outlet fans) and 3 (60%) of 5 toilet sites

* Only 1 PPE swab, from the surface of a shoe front, was positive
 All air samples were negative
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Transmission of SARS-CoV-2 wHo g & A)

« Understanding the time when infected patients may spread the virus to
others is critical for control efforts

 Detailed medical information from people infected Is needed to
determine the infectious period of 2019-nCoV

* |t may possible that people infected with 2019-nCoV may be
Infectious before showing significant symptoms (pre-symptomatic)

« However, based on currently available data, the people who have
symptoms are causing the majority of virus spread



Predicting infectious SARS-CoV-2 from diagnostic
Samp les (Bullard J et al CID 2020;0nline)

 Retrospective cross-sectional study, we took SARS-CoV-2 RT-PCR
confirmed positive samples and determined their ability to infect Vero cell
lines

* 90 RT-PCR SARS-CoV-2 positive samples were incubated on Vero cells
» Twenty-six samples (28.9%) demonstrated viral growth
« Median TCID50/ml was 1780 (282-8511).
* There was no growth in samples with a Ct > 24 or symptom onset to test (STT) > 8
days
« Multivariate logistic regression using positive viral culture as a binary predictor

variable, STT and Ct demonstrated an odds ratio for positive viral culture of 0.64
(95% CI 0.49-0.84, p<0.001) for every one unit increase in Ct

 Area under the receiver operating characteristic curve for Ct vs. positive culture was
OR 0.91 (95% CI 0.85-0.97, p<0.001), with 97% specificity obtained at a Ct of >24



Figure 2

Ct Pos GtNeg STT Pos STT Neg
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» Positive SARS-CoV-2 culture samples had a significantly lower Ct when compared to culture negative samples
(17 [16-18] vs 27 [22-33], p<0.001).

« Symptom to test time was also significantly lower in culture positive vs. culture negative samples (3 [2-4] vs. 7
[4-11], p<0.001)



Predicting infectious SARS-CoV-2 from diagnostic
Samp les (Bullard J et al CID 2020;0nline)

Conclusions

* SARS-CoV-2 Vero cell infectivity was only observed for RT-PCR
Ct <24 and symptom onset to test < 8 days

* Infectivity of patients with Ct >24 and duration of symptoms >8 days
may be low



Presymptomatic Transmission of SARS-CoV-2 — Singapore,
January 23—March 16, 2020

(Wei, et al. April 1, 2020 MMWR)
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Clinical manifestations of SARS-CoV-2
Infection

« Asymptomatic infection
* Mild respiratory diseases

* Moderate-severe respiratory diseases:
* Pneumonia, requiring oxygen supplementation

e Critical diseases
 Respiratory failure
 Acute respiratory distress syndrome (ARDS)
« Multiple organs failure

« Extrapulmonary manifestations
 Sequelae
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Figure 2: Timeline of 2019-nCoV cases after onset of iliness

(Huang C et al Lancet 2020; 395: 497-506)



Characteristics of and Important Lessons From COVID-19
Outbreak in China: Summary of a Report of 72 314 Cases
From the Chinese Center for Disease Control and Prevention

(Wu Z et al 2020 JAMA)

Box. Key Findings From the Chinese Center Case-fatality rate

for Disease Control and Prevention Report « 2.3% (1023 of 44 672 confirmed cases)

72 314 Cases (as of February 11, 2020) * 14.8% in patients aged =80 years (208 of 1408)
* Confirmed cases: 44 672 (62%) + 8.0% in patients aged 70-79 years (312 of 3918)

« Suspected cases: 16 186 (229)

- Diagnosed cases: 10 567 (15%) » 49.0% in critical cases (1023 of 2087)

* Asymptomatic cases: 889 (1%c) Health care personnel infected
Age distribution (N = 44 672) » 3.8% (1716 of 44 672)
: 3—;?;;:;-5 3;,5]";2 cases) o + 63% in Wuhan (1080 of 1716)
« 20-29 years: 8% (3619 cases) + 14.8% cases classified as severe or critical
+ 10-19 years: 1% (549 cases) (247 of 1668)
= <10 years: 1% (416 cases) « 5 deaths

Spectrum of disease (N = 44 415)
« Mild: 8196 (36 160 cases)
» Severe: 14% (6168 cases)
« Critical: 5% (2087 cases)



Coronavirus Disease 2019 Case Survelillance — United States,
January 22—May 30, 2020 (stokes Ex et al MMwR 2020:69:759-65)

* Through May, 30, 2020,

« COVID-19 pandemic resulted in 5,817,385 reported cases and 362,705
deaths worldwide

1,761,503 aggregated reported cases and 103,700 deaths in the United States

« Cumulative incidence, 403.6 cases per 100,000 persons,
« similar among males (401.1) and females (406.0)
* highest among persons aged >80 years (902.0)

« Among 287,320 (22%) cases with sufficient data on underlying health
conditions

« cardiovascular disease (32%), diabetes (30%), and chronic lung disease (18%)

 Overall, 184,673 (14%0) patients were hospitalized, 29,837 (2%0)
admitted to an intensive care unit (ICU), and 71,116 (5%o) died



TABLE 1. Reported laboratory-confirmed COVID-19 cases and estimated cumulative incidence,* by sex! and age group — United States,
January 22-May 30, 2020

Males Females Total

Cumulative Cumulative Cumulative
Age group (yrs) No. (%) incidence® No. (%) incidence* No. (%) incidence*
0-9 10,743 (1.7) 525 9.715(1.4) 49.7 20,458 (1.5) 51.1
10-19 24302 (3.8) 1134 24043 (3.7) 1214 40,245 (3.7) 1173
20-29 85913(13.3) 370.0 06,556 (14.3) 4346 182 460 (13.8) 4 6
30-39 108,219 (16.8) 402 .8 106,530 (15.8) 4005 214,849 (16.3) 4016
40-49 109,745 (17.0) 547.0 109,394 (16.2) 53162 219.139(16.6) 5416
50-59 119,152 (18.4) 568.8 116,622(17.3) 5330 235,774(17.9) 5505
60-60 93,596 (14.5) 52690 85411 012.7) 4346 179,007 (13.6) 4784
70-79 53,194 (8.2) 5137 52,058 (7.7) 422.7 105,252 (8.0) 464.2
=80 41,204 (6.4) 8420 72,901 (10.8) 940.0 114,295 (8.7) 902.0
All ages 646,358 (100.0) 4011 674,130 (100.0) 406.0 1,320,488 (100.0) 403.6
Abbreviation: COVID-19 = coronavirus disease 2019,

* Per 100,000 population.
t The analytic dataset excludes cases reported through case surveillance that were missing information on sex (n = 19,918) or age (n = 2,379).

Incidence rate increased with age

(Stokes EK et al MMWR 2020;69:759-65)



Coronavirus Disease 2019 Case Survelillance — United States,
January 22—May 30, 2020 (stokes Ex et al MMwR 2020:69:759-65)

« Symptom status (Symptomatic versus asymptomatic) was reported for
616,541 (47%) cases

e among these, 22,007 (4%) asymptomatic

« Among 373,883 (28%) cases with data on individual symptomes,
« 709% noted fever, cough, or shortness of breath
« 36% reported muscle aches, 34% reported headache

* Overall, 31,191 (8%) persons reported loss of smell or taste

« Hospitalizations six times higher among patients with a reported
underlying condition (45.4% versus 7.6%)

» Deaths 12 times higher among patients with reported underlying
conditions (19.5% versus 1.6%)



Histopathology and ultrastructural findings of fatal COVID-19
Infections In WaShington State: a case series (Bradley BT et al Lancet 2020:396:320-32)

 Post-mortem examinations done on 14 people
* Median age 73-5 years (range 42-84; IQR 67-5-77-25).
« All patients had clinically significant comorbidities, the most common being

hypertension, chronic kidney disease, obstructive sleep apnea, and metabolic
disease including diabetes and obesity

« Major pulmonary finding diffuse alveolar damage in the acute or
organizing phases, with five patients showing focal pulmonary
microthrombi

» Coronavirus-like particles detected in the respiratory system,
kidney, and gastrointestinal tract

* Lymphocytic myocarditis was observed in one patient with viral
RNA detected in the tissue



Coagulopathy of fatal COVID-19 infections

Small vessel thrombus

Pulmonary microthrombus Pulmonary microthrombus

Renal vein organizing thrombus

(Bradley BT et al Lancet 2020;396:320-32)



Ultrastructural features in fatal COVID-19 infections

lllll

kidney endothelial cells

(Bradley BT et al Lancet 2020;396:320-32)



Histopathology and ultrastructural findings of fatal COVID-19
Infections In WaShington State: a case series (Bradley BT et al Lancet 2020:396:320-32)

Conclusions

* The primary pathology observed in this cohort was diffuse alveolar
damage, with virus located in the pneumocytes and tracheal
epithelium

« Microthrombi, where observed, were scarce and endotheliitis was not
Identified

* Broad tropism for SARS-CoV-2 with coronavirus-like particles

Identified In the pulmonary system, kidneys, and gastrointestinal
tract

« Although other non-pulmonary organs showed susceptibility to
Infection, their contribution to the pathogenesis of SARS-CoV-2
Infection requires further examination



Extrapulmonary manifestations of COVID-19

(Gupta A et al Nat Med 2020;26:1017-32)

* While SA
Including
clinicians

RS-CoV-2 Is known to cause substantial pulmonary disease,
pneumonia and acute respiratory distress syndrome (ARDS),

nave observed many extrapulmonary manifestations of

COVID-19

« Hematologic, cardiovascular, renal, gastrointestinal and hepatobiliary,
endocrinologic, neurologic, ophthalmologic, and dermatologic systems

* ACEZ2, the entry receptor for the causative coronavirus SARS-CoV-2,
IS expressed in multiple extrapulmonary tissues

Other respiratory viruses, such as influenza virus, adenovirus etc., also
have many extrapulmonary manifestations



Extrapulmonary manifestations of COVID-19

Neurologic

Headaches
Dizziness
Encephalopathy
Guillain-Barré
Ageusia
Myalgia
Anosmia
Stroke

Thromboembolism

Deep vein thrombosis
Pulmonary embolism

Catheter-related thrombosis

Renal
Acute kidney injury
Proteinuria
Hematuria

Cardiac

Takotsubo cardiomyopathy
Myocardial injury/myocarditis

Cardiac arrhythmias
Cardiogenic shock
Myocardial ischemia
Acute cor pulmonale

Hepatic

Elevated
aminotransferases
Elevated bilirubin

Gastrointestinal

Diarrhea
Nausea/vomiting
Abdominal pain

Anorexia

Endocrine

Hyperglycemia
Diabetic ketoacidosis

Dermatological

Petechaie
Livedo reticularis
Erythematous rash
Urticaria
Vesicles
Pernio-like lesions

(Gupta A et al Nat Med 2020;26:1017-32)



Outcomes of Maternal-Newborn Dyads After Maternal SARS-CoV-2

(Verma S et al Pediatrics 2020; online)

« A multicenter, observational, descriptive cohort study collecting data from charts
of maternal-newborn dyads that delivered at four major New York City
metropolitan area hospitals between March 1 and May 10, 2020 with maternal
SARS-CoV-2 infection

 Atotal of 149 mothers with SARS-CoV-2 infection and 149 newborns analyzed
(3 sets of twins; 3 stillbirths)

40% of these mothers were asymptomatic

Approximately 15% of symptomatic mothers required some form of respiratory support and
8% required intubation

Eighteen newborns (12%) admitted to ICU
15 (10%) were born preterm, and five (3%) required mechanical ventilation.

Symptomatic mothers had more premature deliveries (16% vs 3%, P= 0.02) and their
newborns were more likely to require intensive care (19% vs. 2%, P=0.001) than
asymptomatic mothers

One newborn tested positive for SARS-CoV-2, considered a case of horizontal postnatal
transmission



Outcomes of Maternal-Newborn Dyads After Maternal SARS-CoV-2

(Verma S et al Pediatrics 2020; online)

Conclusion:

* No distinct evidence of vertical transmission from mothers with
SARS-CoV-2 to their newborns

 Observe perinatal morbidities among both mothers and newborns

« Symptomatic mothers more likely to experience premature delivery
and their newborns to require intensive care
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Transplacental transmission of SARS-CoV-2
infection

Alexandre J. Vivanti® "8, Christelle Vauloup-Fellous®®, Sophie Prevot3, Veronique Zupan?, Cecile Suffee,

Jeremy Do Cao® ©, Alexandra Benachi® ' & Daniele De Luca® 47>
(NATURE COMMUNICATIONS | (2020) 11:3572 | https://doi.org/10.1038/s41467-020-17436-6)

SARS-CoV-2 outbreak is the first pandemic of the century. SARS-CoV-2 infection is trans-
mitted through droplets; other transmission routes are hypothesized but not confirmed. So
far, it is unclear whether and how SARS-CoV-2 can be transmitted from the mother to the
fetus. We demonstrate the transplacental transmission of SARS-CoV-2 in a neonate born to
a mother infected in the last trimester and presenting with neurological compromise. The
transmission is confirmed by comprehensive virological and pathological investigations. In
detail, SARS-CoV-2 causes: (1) maternal viremia, (2) placental infection demonstrated by
immunohistochemistry and very high viral load; placental inflammation, as shown by histo-
logical examination and immunchistochemistry, and (3) neonatal viremia following placental
infection. The neonate is studied clinically, through imaging, and followed up. The neonate
presented with neurological manifestations, similar to those described in adult patients.




COVID-19 in children (Gupta A et al Nat Med 2020:26:1017-32)

* In areview of 72,314 patients with COVID-19 reported by the Chinese CDC, less
than 1% of the patients were younger than 10 years of age

* In two retrospective studies from China, of >1,000 pediatric patients
» The majority of the patients had mild or moderate disease,
* Only 1.8% required ICU admission, two deaths

A large group of North American pediatric ICUs, 38% of 48 critically ill children
required invasive ventilation, with an in-hospital mortality rate of 4.2%

« Multisystem inflammation syndrome in children

« Aperson < 21 years of age presenting with fever, laboratory evidence of inflammation, and
evidence of clinically severe illness requiring hospitalization, with multisystem (two or more)
organ involvement in the setting of current or recent infection with SARS-CoV-2



Children and COVID-19: 9/24/20
Summary of State-Level Data Provided in this Report

Detail and links to state/local data sources provided in Appendix

Cumulative Number of Child COVID-19 Cases*

+ 624,890 total child VID-19 cases reported. and children represented|10.5% (624,890/5,965,268) of all cases
* Overall rate:|829 cases per 100,000 children in the population

Mliamean iva Plild AMAAIIR AQ Caaas AAMNON AamMmAnNn

Appendix Table 1: Case Data Available on 9/24/20

Summary data across the 49 states, NYC, DC, PR, and GU that provided age distribution of
reported COVID-19 cases*

Cumulative | Cumulative Cumulative Cases per

Child total cases child percent children 100,000
population, 2019 (all ages) cases of total cases children

75,423,548 5,965,268 624,890 10.5% 828.5
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Multisystem Inflammatory Syndrome
in Children in New York State

Elizabeth M. Dufort, M.D., Emilia H. Koumans, M.D., M.P.H.,
Eric J. Chow, M.D., M.P.H., Elizabeth M. Rosenthal, M.P.H.,
Alison Muse, M.P.H., Jemma Rowlands, M.P.H., Meredith A. Barranco, M.P.H.,
Angela M. Maxted, D.V.M., Ph.D., Eli S. Rosenberg, Ph.D., Delia Easton, Ph.D.,
Tomoko Udo, Ph.D., Jessica Kumar, D.O., Wendy Pulver, M.S., Lou Smith, M.D.,
Brad Hutton, M.P.H., Debra Blog, M.D., M.P.H., and Howard Zucker, M.D.,
for the New York State and Centers for Disease Control and Prevention
Multisystem Inflammatory Syndrome in Children Investigation Team*

ABSTRACT

BACKGROUND

A multisystem inflammatory syndrome in children (MIS-C) is associated with
coronavirus disease 2019. The New York State Department of Health (NYSDOH)
established active, statewide surveillance to describe hospitalized patients with the
syndrome.

METHODS

Hospitals in New York State reported cases of Kawasaki's disease, toxic shock
syndrome, myocarditis, and potential MIS-C in hospitalized patients younger than
21 years of age and sent medical records to the NYSDOH. We carried out descrip-
tive analyses that summarized the clinical presentation, complications, and out-
comes of patients who met the NYSDOH case definition for MIS-C between March 1
and May 10, 2020.

RESULTS

As of May 10, 2020, a total of 191 potential cases were reported to the NYSDOH.
Of 95 patients with confirmed MIS-C (laboratory-confirmed acute or recent severe
acute respiratory syndrome coronavirus 2 [SARS-CoV-2] infection) and 4 with sus-
pected MIS-C (met clinical and epidemiologic criteria), 53 (54%) were male; 31 of
78 (40%) were black, and 31 of 85 (36%) were Hispanic. A total of 31 patients (31%)
were 0 to 5 years of age, 42 (42%) were 6 to 12 years of age, and 26 (26%) were
13 to 20 years of age. All presented with subjective fever or chills; 97% had tachy-
cardia, 80% had gastrointestinal symptoms, 60% had rash, 56% had conjunctival
injection, and 27% had mucosal changes. Elevated levels of C-reactive protein,
p-dimer, and troponin were found in 100%, 91%, and 71% of the patients, respec-
tively; 62% received vasopressor support, 53% had evidence of myocarditis, 80
were admitted to an intensive care unit, and 2 died. The median length of hospital
stay was 6 days.

CONCLUSIONS

The emergence of multisystem inflammatory syndrome in children in New York
State coincided with widespread SARS-CoV-2 transmission; this hyperinflamma-
tory syndrome with dermatologic, mucocutaneous, and gastrointestinal manifes-
tations was associated with cardiac dysfunction.

From the New York State Department of
Health, Albany (EM.D., AM. )R,
AM.M, D.E, LK., WP, LS, B.H, D.B,
H.Z.); the Centers for Disease Control
and Prevention (CDC) COVID-13 Re-
sponse (E.H.K., EJ.C.) and the Epidemic
Intelligence Service, Center for Surveil-
lance, Epidemiclogy, and Laboratory Ser-
vices (EJ.C), CDC, Atlanta; and the Uni-
versity at Albany School of Public Health,
State University of New York, Rensselaer
[EMRE., MAB, ESR, TU). Address
reprint requests to Dr. Dufort at the New
York State Department of Health, Empire
State Plaza, Corning Tower, Rm. 503, Al-
bamy, NY 12237, or at elizabeth.dufort@

health.ny.gov.

*The members of the investigation team
are listed in the Supplementary Appen-
dix, available at NEJM.arg.

Drs. Dufort, Koumans, and Chow, Ms.
Rosenthal, and Ms. Muse contributed
equally to this article.

This article was published on June 29,
2020, at NEJM.org.

M Engl ] Med 2020;383:347-58.
DOl 10.1056/ME]JM0a2021756
Coppright & 2000 Massachusetts Medical Socay.



Multisystem Inflammatory Syndrome in U.S. Children
and Adolescents (Feldstein LR et al NEJM 2020;383:334-46)
« Conducted targeted surveillance for multisystem inflammatory syndrome

In children (MIS-C) from March 15 to May 20, 2020, in pediatric health
centers across the U.S.

* The case definition included six criteria
« Serious illness leading to hospitalization,

An age of less than 21 years,

Fever that lasted for at least 24 hours,

Laboratory evidence of inflammation,

Multisystem organ involvement,

Evidence of infection with SARS-CoV-2 based on RT-PCR, antibody testing, or
exposure to persons with Covid-19 in the past month



Multisystem Inflammatory Syndrome in U.S. Children
and Adolescents (Feldstein LR et al NEJM 2020;383:334-46)

» 186 patients with MIS-C in 26 states

« Median age 8.3 years, 115 patients (62%) male, 135 (73%) previously healthy,
131 (70%) positive for SARS-CoV-2 by RT-PCR or antibody testing

« 164 (88%) hospitalized after April 16, 2020

 Organ-system involvement included G-I system in 171 patients (92%),
cardiovascular in 149 (80%), hematologic in 142 (76%), mucocutaneous in 137
(74%), and respiratory in 131 (70%)

« Median duration of hospitalization 7 days (interquartile range, 4 to 10)

« 148 patients (80%o) received intensive care, 37 (20%) received mechanical
ventilation, 90 (48%) received vasoactive support, and 4 (2%) died



Temporal Relationship between MIS-C and Covid-19 Activity in Persons <21 Yr of Age

Percentage Testing Positive for SARS-CoV-2

20-

Percentage testing positive [l No. of cases of MIS-C -13
for SARS-CoV-2

(Feldstein LR et al NEJM 2020;383:334-46)

MNo. of Cases of MIS-C



A Cardiovascular Involvement
100

Percent

91

62

43
33
26
12
5 5 4
OP I g S g 42 & S ©
\oﬁg"@ 'i‘bx§ & > “&; ’ ﬁﬁ ,_,d’@ ’ E‘ﬁh "ﬁ{&, <
A S VS
& & « ~d°ﬁ & goqt,f&
<& < o S
2 2 Y o

(Feldstein LR et al NEJM 2020;383:334-46)




Multisystem Inflammatory Syndrome in U.S. Children
and Adolescents (Feldstein LR et al NEJM 2020;383:334-46)

« Coronary artery aneurysms (z scores >2.5) were documented in 15 patients
(8%0), and Kawasaki’s disease—like features were documented in 74 (40%)

« Most patients (171 [92%]) had elevations in at least four bio-markers indicating
Inflammation

» The use of immunomodulating therapies was common

 Intravenous immune globulin used in 144 (77%),
 Glucocorticoids in 91 (49%),
* Interleukin-6 or 1RA inhibitors in 38 (20%)

Conclusions

« Multisystem inflammatory syndrome in children associated with SARS-CoV-2 led
to serious and life-threatening illness in previously healthy children and

adolescents



Centers for Disease Control and Prevention

Morbidity and Mortality Weekly Report
Early Release / Vol. 69 October 2, 2020

Case Series of Multisystem Inflammatory Syndrome in Adults Associated with
SARS-CoV-2 Infection — United Kingdom and United States,
March-August 2020

Sapna Bamrah Morris, MD!; Noah G. Schwartz, MD1.2; Pragna Patel, MD?; Lilian Abbo, MD3; Laura Beauchamps, MD3; Shuba Balan, MD3;
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Prevalence of Asymptomatic SARS-CoV-2 Infection

A Narrative Review (Oran DP & Topol EJ. Ann Intern Med 2020; doi:10.7326/M20-3012 )

Table. Summary of SARS-CoV-2 Testing Studies

Cohort Tested, n SARS-CoV-2 Positive but MNotes*
Positive, n (%) Asymptomatic, n (%)
Iceland residents (&) 13 080 100 (0.8) 43(43.0) R
Vo', ltaly, residents (7) 5155 102 (2.0) 43(42.2) R, L
Diamond Princess cruise ship passengers and crew (8) 3711 712 (19.2) 331 (46.5) -
Boston homeless shelter occupants (9) 408 147 (34.0) 129 (87.8) —
New York City obstetric patients (11) 214 33(15.4) 29(87.9) L
U.5.5. Theodore Roosevelt aircraft carrier crew (12) 4954 856 (17.3) --500(58.4) E
Japanese citizens evacuated from Wuhan, China (2) 545 13 (2.3) 4(30.8) L
Greek citizens evacuated from the United Kingdom, Spain, and Turkey (14)t 783 40 (5.1 35(87.5) L
Charles de Gaulle aircraft carrier crew (13) 1760 1044 (59.4) --500(47.8) E
Los Angeles homeless shelter occupants (10) 178 43(24.2) 27(62.8) -
King County, Washington, nursing facility residents (15) 76 48 (63.2) 3(6.3) L
Arkansas, Morth Carolina, Ohio, and Virginia inmates (16) 4493 3277 (69.8) 3144 (96.0) -
New Jersey university and hospital employees (17) 829 41 (4.9) 27(65.9) -
Indiana residents (18) 44611 78(1.7) 35(44.8) R
Argentine cruise ship passengers and crew (19) 217 'IEB(S? 0) 104 (81.3) -
San Francisco residents (29) 4160 74 (1.8) 39(52.7) -

E = estimated from incomplete source data; L = longitudinal data collected; R = representative sample.
* A dash indicates that the study did not have a representative sample, collected no longitudinal data, and did not require estimation of missing data.
1 Clarified via e-mail communication with coauthor.



Prevalence of Asymptomatic SARS-CoV-2 Infection

A Narrative Review (Oran DP & Topol EJ. Ann Intern Med 2020; doi:10.7326/M20-3012 )

« Approximately 409 to 45%o of those infected with SARS-CoV-2 will remain
asymptomatic
 Suggests that the virus might have greater potential than previously estimated
to spread silently and deeply through human populations

« Asymptomatic persons can transmit SARS-CoV-2 to others for an extended
period, perhaps longer than 14 days

* The absence of COVID-19 symptoms in persons infected with SARS-CoV-2
might not necessarily imply an absence of harm
* More research 1s needed to determine the significance of subclinical lung
changes visible on computed tomography scans

 The focus of testing programs for SARS-CoV-2 should be substantially broadened
to include persons who do not have symptoms of COVID-19



Humoral Immune Response to SARS-CoV-2 in Iceland

(Gudbjartsson DF et al NEJM 2020; Sep 1, doi: 10.1056/NEJM0a2026116)

« Measured antibodies in serum samples from 30,576 persons in Iceland, using six

assays (Including two pan-Ig assays), determined that the appropriate measure of
seropositivity was a positive result with both pan-Ig assays

. E)an |rr]n3nunoglobulm (pan-1g: IgM, 1gG, and IgA) antibodies against the nucleoprotein (N)
Roche

 pan-lg antibodies against the receptor binding domain (RBD) in the S1 subunit of the spike
protein (pan-1g anti-S1-RBD) (Wantai);

* IgM and IgG antibodies against N (IgM anti-N and 1gG anti-N) (EDI/Eagle);

* 1gG and IgA against the S1 subunit of the spike protein (IgG anti-S1 and IgA anti-S1)
(Euroimmun)

» Of the 1797 persons who had recovered from SARS-CoV-2 infection,
« 1107 of the 1215 who were tested (91.1%) were seropositive;

o antiviral antibody titers assayed by two pan-Ig assays increased during 2 months after
diagnosis by gPCR and remained on a plateau for the remainder of the study

« Of 4222 quarantined persons, 2.3% were seropositive
« Of 23452 persons with unknown exposure, 0.3% were positive



Table 1. Prevalence of SARS-CoV-2 Antibodies by Sample Collection as Measured by Two Pan-Ig Antibody Assays.*

MNo. of Persons

Sample Collection Tested Both Pan-lg Antibody Assays Positive  Either Pan-lg Antibody Assay Positive
No. of No. of
Persons Frequency Persons Frequency
% (95% ClI) % (95% Cl)
|| 2017 472 0 0.0 (0.0-0.4) 1 0.2 (0.0-0.9)
Farly 2020 470 0 0.0 (0.0-0.4) 4 0.9 (0.3-2.0)
Health caret 18,609 39 0.2 (0.2-0.3) 119 0.6 (0.5-0.8)
Reykjavik+ 4,343 21 0.4 (0.3-0.6) 38 0.8 (0.6-1.1)
Vestmannaeyjary 663 3 0.5 (0.1-1.2) 7 1.1 (0.5-2.0)
Quarantine 4,222 97 2.3 (1.9-2.8) 131 3.1 (2.6-3.7)
Hospitalized 43 45 93.8 (84.6-98.4) 47 97.9 (91.1-99.9)
Recovered 1,215 1,107 91.1 (89.4-92.6) 1,156 95.1 (93.8-96.3)

* The pan-lg antibodies are anti-N and anti—-S1-RBD. The latest available sample was used.
1 Sampling restricted to persons who had not tested qPCR-positive and who had not been quarantined.

(Gudbjartsson DF et al NEJM 2020; Sep 1, doi: 10.1056/NEJM0a2026116)



Humoral Immune Response to SARS-CoV-2 in Iceland

(Gudbjartsson DF et al NEJM 2020; Sep 1, doi: 10.1056/NEJM0a2026116)

 Estimate that
* 0.9% of Icelanders were infected with SARS-CoV-2
* the infection was fatal in 0.3%
« 56% of all SARS-CoV-2 infections in Iceland had been diagnosed with qPCR,

* 149% had occurred in quarantined persons who had not been tested with gPCR (or
who had not received a positive result, if tested),

« 30% had occurred in persons outside quarantine and not tested with gPCR
Conclusions

 Results indicate that antiviral antibodies against SARS-CoV-2 did not decline
within 4 months after diagnosis

 Estimate that the risk of death from infection was 0.3%, 44% of persons
Infected with SARS-CoV-2 in Iceland were not diagnosed by gPCR
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Clinical manifestations of SARS-CoV-2
Infection

 Asymptomatic infection * 40-45%

« Mild respiratory diseases ¢ 81% - 45-49%

* Moderate-severe respiratory * 14% « 7.7-8.4%
diseases

« Pneumonia, requiring oxygen
supplementation

e Critical diseases * 5%
 Respiratory failure

 Acute respiratory distress syndrome
(ARDS)

« Multiple organs failure
« Extrapulmonary manifestations
 Sequelae

¢ 2.8-3.0%



(NEIM
2020;383:
1522-34)

Genomewide Association Study of Severe
Covid-19 with Respiratory Failure

RESULTS

We detected cross-replicating associations with|rs11385942 at locus 3p21.31 |and
with|rs657152 at locus 9g34.2,| which were significant at the genomewide level
(P<5x107®) in the meta-analysis of the two case—control panels (odds ratio, 1.77;
95% confidence interval [CI], 1.48 to 2.11; P=1.15x10"""; and odds ratio, 1.32; 95%
CI, 1.20 to 1.47; P=4.95x10"%, respectively). At locus 3p21.31, the association signal
spanned |the genes SLC6A20, LZTFL1, CCR9, FYCO1, CXCR6 and XCR1.| The association
signal at locus 9q34.2|coincided with the ABO blood group locus} in this cohort, a
blood-group—specific analysis showed|a higher risk in blood group A |than in other
blood groups (odds ratio, 1.45; 95% CI, 1.20 to 1.75; P=1.48x10"%) and a protective
eftect in blood group O as compared with other blood groups (odds ratio, 0.65;
95% CI, 0.53 to 0.79; P=1.06x107>).

CONCLUSIONS

We i1dentified a 3p21.31 gene cluster as a genetic susceptibility locus in patients
with Covid-19 with respiratory failure and confirmed a potential involvement of the
AEBO blood-group system. (Funded by Stein Erik Hagen and others.)






Diagnosis of SARS-CoV-2 infection

* Clinical diagnosis

« Symptoms & signs, lab data, image studies
« Epidemiologic diagnosis

 Seasonality, local epidemics

 Travel, Occupation, Cluster, Contact

 Laboratory diagnosis
* PCR-based
* Virus culture
 Serology: not timely



Interpreting DiagnOStiC Tests for SARS-CoV-2 (Sethuraman N et al JAMA 2020;May 6)

Figure. Estimated Variation Over Time in Diagnostic Tests for Detection of SARS-CoV-2 Infection

Relative to Symptom Onset
Before symptom onset After symptom onset
( Detection unlikelya )¢ PCR - Likely positive C PCR - Likely negativeb D
( Antibody detection )

SARS-CoV-2

exposure

Increasing probability of detection —})-

T t T T t T T | T T T T t
Week -2 Week -1 Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

Symptom onset

—— Nasopharyngeal swab PCR s Bronchoalveolar lavage/sputum PCR asasasas g antibody
Virus isolation from respiratory tract StoolPCR meme—— IgG antibody
Estimated time intervals and rates of viral detection are based on data from 2 Detection only occurs if patients are followed up proactively from the time
several published reports. Because of variability in values among studies, of exposure.
estimated time intervals should be considered approximations and the b More likely to register a negative than a positive result by PCR of a
probability of detection of SAR5-CoV-2 infection is presented qualitatively. nasopharyngeal swab.

SARS-CoV-2 indicates severe acute respiratory syndrome coronavirus 2;
PCR., polymerase chain reaction.



Laboratory Diagnosis of COVID-19: Current Issues and
Chal Ienges (Tang YW et al JCM 2020;58 (6):¢00512-20)

* In the pre-analytical stage, collecting the proper respiratory tract
specimen at the right time from the right anatomic site is essential
for a prompt and accurate molecular diagnosis of COVID-19

* In the analytic stage, real-time RT-PCR assays remain the molecular
test of choice, while antibody-based techniques are being introduced
as supplemental tools

* In the post-analytical stage, testing results should be carefully
Interpreted using both molecular and serological findings

* Finally, random-access, integrated devices available at the point of
care with scalable capacities will facilitate the rapid and accurate
diagnosis and monitoring of SARS-CoV-2 infections



SARS-CoV-2 Viral Load in Upper Respiratory
Specimens of Infected Patients zou v eta nem 2020

* Monitored SARS-CoV-2 viral loads In upper respiratory specimens
obtained from 18 patients (9 men and 9 women; median age, 59 years;
range, 26 to 76) in Zhuhai, Guangdong, China

* Atotal of 72 nasal swabs (sampled from the mid-turbinate and
nasopharynx) and 72 throat swabs were analyzed

 Higher viral loads detected soon after symptom onset, with higher
viral loads detected in the nose than in the throat

* Viral load detected in the asymptomatic patient was similar to that in
the symptomatic patients

« How SARS-CoV-2 viral load correlates with culturable virus needs to
be determined






Management of COVID-19

e Symptomatic treatment
 Supportive care

 Antiviral agents
 Remdesivir
e Others

 Adjunctive therapy

 Antibody administration
» Convalescent plasma

 Synthetized antibody: polyclonal ,
momaoclonal

 Immunomodulation
¢ IVIG
» Steroid

 Cytokine inhibitors

SARS-CoV-2 Sepsis and septic shock
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Remdesivir and chloroguine effectively inhibit the
recently emerged novel coronavirus (2019-nCoV) In
VITrO (cel Res 2020)

* Remdesivir and chloroguine highly effective in the control of 2019-
nCoV infection In vitro

* Since these compounds have been used in human patients with a
safety track record and shown to be effective against various ailments,
we suggest that they should be assessed in human patients suffering
from the novel coronavirus disease.



A Randomized Trial of Hydroxychloroquine as Postexposure
ProphyIaXiS for Covid-19 (Boulware DR et al NEJM 2020; May online)

« A double-blind, randomized, placebo-controlled trial across the United
States and parts of Canada testing hydroxychloroguine as postexposure
prophylaxis

* Enrolled adults who had household or occupational exposure to someone
with confirmed Covid-19 at a distance of less than 6 ft for more than 10
minutes while wearing neither a face mask nor an eye shield (high-risk
exposure) or while wearing a face mask but no eye shield (moderate-risk
exposure)

« Within 4 days after exposure, randomly assigned participants to receive
either placebo or hydroxychloroquine (800 mg once, followed by 600 mg In
6 to 8 hours, then 600 mg daily for 4 additional days)

* The primary outcome the incidence of either laboratory-confirmed
Covid-19 or illness compatible with Covid-19 within 14 days



A Randomized Trial of Hydroxychloroquine as Postexposure
ProphyIaXiS for Covid-19 (Boulware DR et al NEJM 2020; May online)

 Enrolled 821 asymptomatic participants

 Overall, 87.6% of the participants (719 of 821) reported a high-risk
exposure to a confirmed Covid-19 contact

* Incidence of new illness compatible with Covid-19 not differ
significantly between participants receiving hydroxychloroquine (49
of 414 [11.8%]) and those receiving placebo (58 of 407 [14.3%0])

* the absolute difference —2.4 percentage points (95% confidence interval, —7.0
to 2.2; P =0.35)

* Side effects more common with hydroxychloroquine than with

placebo (40.1% vs. 16.8%), but no serious adverse reactions were
reported



Table 2. Outcomes of Hydroxychloroquine Therapy for Postexposure Prophylaxis against Covid-19.*
Hydroxychloroguine Placebo

Outcome (N=414) (N =407) P Value

number (percent)

Confirmed or probable Covid-19 49 (11.8) 58 (14.3) 0.35
Laboratory-confirmed diagnosis 11 (2.7) 9 (2.2) 0.82
Symptoms compatible with Covid-19 48 (11.6) 55 (13.5) 0.46

All new symptoms 57 (13.8) 59 (14.5) 0.34

Any hospitalization 1(0.2) 1(0.2) 0.99

Death 0 0 —

* Symptoms were adjudicated by four infectious disease physicians, who were unaware of the trial-group assignments,
in accordance with U.S. Council of State and Territorial Epidemiologists case definition of probable Covid-19 after an
epidemiologic link with a close contact.’® (Descriptions of the symptom complex are provided in the Supplementary
Appendix.) The median number of new symptoms reported in the hydroxychloroquine group was 4 (interquartile range,
2 to 6), as compared with 3 (interquartile range, 2 to 5) in the placebo group.




A Randomized Trial of Hydroxychloroquine as Postexposure
ProphyIaXiS for Covid-19 (Boulware DR et al NEJM 2020; May online)

Conclusions

« After high-risk or moderate-risk exposure to Covid-19,
hydroxychloroquine did not prevent iliness compatible with Covid-

19 or confirmed infection when used as postexposure prophylaxis
within 4 days after exposure



Remdesivir for the Treatment of Covid-19 —
Preliminary Report (eigei Aseta NEm 2020; May online)

* A double-blind, randomized, placebo-controlled trial of intravenous
remdesivir in adults hospitalized with Covid-19 with evidence of
lower respiratory tract involvement

* Patients were randomly assigned to receive either remdesivir (200 mg
loading dose on day 1, followed by 100 mg daily for up to 9 additional
days) or placebo for up to 10 days

* The primary outcome the time to recovery, defined by either
discharge from the hospital or hospitalization for infection control
purposes only



Remdesivir for the Treatment of Covid-19 —
Preliminary Report (eigei Aseta NEm 2020; May online)

* Atotal of 1063 patients underwent randomization

* The data and safety monitoring board recommended early unblinding of the
results on the basis of findings from an analysis that showed shortened time to
recovery in the remdesivir group

 Preliminary results from the 1059 patients (538, remdesivir; 521, placebo)
Indicated that those who received remdesivir had a median recovery time of 11
days (95% [CI], 9 to 12), as compared with 15 days (95% CI, 13 to 19) in those
who received placebo (rate ratio for recovery, 1.32; 95% ClI, 1.12 to 1.55; P<0.001)

« Kaplan-Meier estimates of mortality by 14 days, 7.1% with remdesivir and
11.9% with placebo (hazard ratio for death, 0.70; 95% CI, 0.47 to 1.04)

* Serious adverse events reported for 114 of the 541 patients in the remdesivir group
(21.1%) and 141 of the 522 patients in the placebo group (27.0%)



Remdesivir for the Treatment of Covid-19 —
Preliminary Report (eigei Aseta NEm 2020; May online)

Conclusions

* Remdesivir was superior to placebo in shortening the time to
recovery in adults hospitalized with Covid-19 and evidence of lower

respiratory tract infection



Effect of Dexamethasone in Hospitalized Patients with
COVID-19 — Preliminary RepOrt (RECOVERY Collaborative Group NEJM 2020)

« A randomized, controlled, open-label, adaptive, platform trial comparing a range
of possible treatments with usual care in patients hospitalized with COVID-19

 Preliminary results for the comparison of dexamethasone 6 mg given once daily
for up to ten days vs. usual care alone

« The primary outcome was 28-day mortality

2104 patients randomly allocated to receive dexamethasone were compared with
4321 patients concurrently allocated to usual care

« Overall, 454 (21.6%) patients allocated dexamethasone and 1065 (24.6%o)
patients allocated usual care died within 28 days (age adjusted rate ratio [RR] 0.83;
95% ClI: 0.74 to 0.92; P<0.001)



Effect of Dexamethasone in Hospitalized Patients with
COVID-19 — Preliminary RepOrt (RECOVERY Collaborative Group NEJM 2020)

The proportional and absolute mortality rate reductions varied significantly depending on
level of respiratory support at randomization (test for trend p<0.001)

Dexamethasone reduced deaths

* by one-third in patients receiving invasive mechanical ventilation (29.0% vs. 40.7%,
RR 0.65 [95% CI 0.51 to 0.82]; p<0.001)

* by one-fifth In patients receiving oxygen without invasive mechanical ventilation
(21.5% vs. 25.0%, RR 0.80 [95% CI 0.70 to 0.92]; p=0.002)

But dexamethasone did not reduce mortality in patients not receiving respiratory support
at randomization (17.0% vs. 13.2%, RR 1.22 [95% CI1 0.93 to 1.61]; p=0.14)

Conclusions:

* In patients hospitalized with COVID-19, dexamethasone reduced 28-day mortality
among those receiving invasive mechanical ventilation or oxygen at
randomization, but not among patients not receiving respiratory support
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Evolution of the COVID-19 vaccine development landscape

(Le TT et al Nat Rev Drug Dis 2020;19:667-8)

 As of 3 September 2020, the global COVID-19 vaccine R&D
landscape Includes 321 vaccine candidates

« 33 vaccine candidates are in clinical trials, with plans to enroll more
than 280,000 participants from at least 470 sites in 34 different

countries



Evolution of the COVID-19 vaccine development landscape

(Le TT et al Nat Rev Drug Dis 2020;19:667-8)
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of the data set and analysis.
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Vaccine Platforms, Their Attributes, and the Status of Vaccine Candidates.*

University of Saskatchewan
ImmunoPrecise

MIGAL Galilee Research Institute
Doherty Institute

Tulane University

Technology Aftributes Candidates in Preclinical Development  Candidates in Human Trials
Single Licensed Current
Dose Platform Speed Scale
DMA No No Fast Medium Takis/Applied DNA Sciences/Ewivax Inovic Pharmaceuticals,
Zydus Cadila Phase 1 (NCT04336410)
Inactivated No Yes Medium  Medium Sinovac, Phase 1
to high (MCTO4352608)
Inactivated Beijing Institute
of Biological Sciences/
Wuhan Institute of
Biological Sciences, Phase
1 (ChiCTR20000312809)
Live attenuated Yes Yes Slow High  Codagenix/Serum Institute of India
Monreplicating Yes No Medium High  GeoVax/BravoVax CanSino Biologics, Phases 1
vector Janssen Pharmaceutical Companies and 2 (ChiCTRZ000030906
Altimmune and ChiCTR2000031731)
Greffex University of Oxford/
Waxart AstraZeneca, Phase 1/2
ExpresSZion [NCT04324606)
Shenzhen Geng-Immune
Medical Institute, Phase
1/2 (NCTD4276896)
Protein subunit No Yes Medium High  WRAIR/U.5. Army Medical Research
fo fast Institute of Infectious Diseases
Clover Biopharmaceuticals Inc/GSK
Waxil Bio
AJ Vaccines
Genrex/EpiVax/University of Georgia
Sanofi Pasteur
MNovavax
Heat Biclogics/University of Miami
University of Queensland/GSK/ Baylor
College of Medicine iBiquC-Pharming
Replicating viral Yes Yes Medium High  Zydus Cadila
vector Institut Pasteur/Thermnis
Tonix Pharma/Southern Research
RMA No No Fast Lowto  Fudan University/Shanghai JiaoTong Moderna/NIAID
medium University/RMACure Biopharma (NCTO4283461)
China CDCTongji University/Stermina  BioNTech/Pfizer, Phase 1/2
Arcturus/ Duke-NUS (NCT04363728)
Imperial College London Curevac
Uncertain University of Pittsburgh

* Attributes refer to general attributes of the platform, and assessments are not intended as inferences about a particular candidate. MIAID
denctes Mational Institute of Allergy and Infectious Diseases, and WRAIR Walter Reed Army Institute of Research.

(Lurie N et al NEIJM
2020;382:1969-73)



. . : Scientists test a new vaccine on cells and then
CO ronavirus VaCCI Nne TI‘aCkel‘ give it to animals such as mice or monkeys to see if it produces an

immune response. We have confirmed 91 preclinical vaccines in

By Jonathan Corum, Sui-Lee Wee and Carl Zimmer Updated October 3, 2020

active development.
PHASE 1 PHASE 2 PHASE 3 LIMITED APPROVED

s e s : Scientists give the vaccine to a small
2 9 14 1 1 5 number of people to test safety and dosage as well as to confirm
that it stimulates the immune system.
Vaccines Vaccines Vaccines Vaccines Vaccines
testing safety in expanded in large-scale  approved for early  approved HITE S RN : Scientists give the vaccine to hundreds of
and dosage safety trials efficacy tests or limited use for full use
people split into groups, such as children and the elderly, to see if the
Vaccines typically require years of research and testing before vaccine acts differently in them. These trials further test the
reaching the clinic, but scientists are racing to produce a safe and vaccine’s safety and ability to stimulate the immune system.
effective coronavirus vaccine by next year. Researchers are testing
44 vaccines in clinical trials on humans, and at least 91 preclinical LSRRI RUIRIEY : Scientists give the vaccine to thousands of
vaccines are under active investigation in animals. people and wait to see how many become infected, compared with

volunteers who received a placebo. These trials can determine if the
: Regulators in each country review the trial results and

vaccine protects against the coronavirus. In June, the F.D.A. said
decide whether to approve the vaccine or not. During a pandemic, a

that a coronavirus vaccine would have to protect at least 5004 of

vaccine may receive emergency use authorization before getting

formal approval. Once a vaccine is licensed, researchers continue to vaccinated people to be considered effective. In addition, Phase 3
monitor people who receive it to make sure it’s safe and effective. trials are ]arge enﬂugh to reveal evidence of re]aﬁve]y rare side

: One way to accelerate vaccine development is to effects that might be missed in earlier studies.
combine phases. Some coronavirus vaccines are now in Phase 1/2 ) )
trials, for example, in which they are tested for the first time on AN AR W 00718 : China and Russia have approved
hundreds of people. (Note that our tracker would count a combined vaccines without waiting for the results of Phase 3 trials. Experts

Phase 1/2 trial as both Phase 1 and Phase 2.) say the rushed process has serious risks.
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Taiwan-based vaccine maker Medigen is making a vaccine made of
a combination of spike proteins and an adjuvant from Dynavax.
They have registered a Phase 1 trial set to start in September.

Updated Aug. 31

Taiwan-based vaccine manufacturer Adimmune got permission to
launch a Phase 1 trial on August 20. The vaccine contains the RBD
section of the virus’s spike protein.

Updated Aug. 20






