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Clinical Manifestations & Diagnosis
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Transmission of MERS-CoV

Milne-Price S. et al., Pathogens and Disease 2014



The world’s first case of MERS-CoV
infection with dramatic clinical presentation:
Saudi Arabia (55—

* 60-year-old Saudi man on June 13 2012
* No significant past medical history, no
smoking

« 7-day history of fever, cough, expectoration,
and shortness of breath

* Day 1: oseltamivir, levofloxacin, piperacillin-
tazobactam
* Day 2:ICU,

Pneumonia and renal failure progressed

 Day11:died

Zaki AM., et al., NEJM 2013
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Potential for nosocomial outbreak

Hospital outbreak of MERS-CoV in the Middle East
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Lives of people and camels in Midd|e East




Potential for large scale outbreak or pandemic infection?

Transmissibility of MERS-CoV was
considered to be low (R, less than 1).

1 infected x RO = New Infections

Breban R. et al., Lancet. 2013:24;382:694-9
Cotton M. et al., MBio. 2014:18;5



Countries reporting MERS-CoV infection
as of 5 February 2015

United
States of ~
America

* Egypt, Iran, Jordan, Kuwait, Lebanon, Oman, Qatar, Saudi Arabia o
(SAU), United Arab Emirates (UAE) and Yemen
Number of cases * Algeria, and Tunisia

1-2 * Austria, France, Germany, Greece, Italy, the Netherlands, Turkey
i and UK
= il « Malaysia and Philippines
B ss - 544 e USA
Countries reporting imported cases concerng the delrrtation of 3 fronbers or boundares Dotted and dasted ines on maps

represent approximate border ines for wivch there may not yet be lull agreement



Experience from SARS:
Wide spread of SARS before the identification of the virus
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Wong G., et al. Cell Host Microbe. 2015;18:398-401.
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Science & Health

WHO: MERS Coronavirus Has Potential to

Cause Pandemic

lunse

o

GENEVA - The World Health Organization on Monday urged health workers around the world to
be on the alert for symptoms of the deadly Middle East respiratory syndrome coronavirus
(MERS), which has the potential to circle the globe and cause a pandemic.

The United Nations agency, which issued new, long-awaited guidance to countries on influenza
pandemics, said the world was also in the same “alert phase” for two human strains of bird flu -
H5N1, which emerged a decade ago, and H7NS, first detected in China in March.

“We are trying to find out as much as we can and we are concerned about these (three) viruses’”
Andrew Harper, WHO special adviser for health security and environment, told a news briefing
on its new scale for pandemic risk.

The interim guidance, to be finalized later this year, incorporates lessons from the 2009,/2010
pandemic of HINI swine flu, which caused an estimated 200,000 deaths, roughly in line with
annual seasonal flu.



Then, what happened in 2015 in Korea?
Why was it a big problem?



Back to 2015 when we did not know
some “important” things that we
know now




SMC diagnosed the first case of MERS in Korea

May 4, 2015: a 68-yo Korean man returned to Korea from Middle East
May 11: Developed fever and cough
Treated for pneumonia at outside hospital (no MERS suspicion)

I 1.5 hr driving distance
May 17: 15t visit to Samsung Medical Center ER with persistent Sx
May 18: 2" visit to SMC ER

- Suspected for MERS-CoV infection on ID consultation (confirmed May 20)
- Sx of pneumonia and travel hx to Bahrain and Qatar

- Isolated the patient in a negative-pressure room

- MERS-CoV PCR test sent to Korea CDC

Cho SY, Kang JM et al., Lancet. 2016;388:994-1001
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He returned to Korea from Middle East on May 4, 2015.
He reported travelling “only” to Bahrain (18 April — May 2) and returned to Korea via

Qatar (May 2-3) and denied travel hx to UAE or KSA.
Later, he was found that he also traveled to the UAE (April 29—-30) and KSA (May 1-2)

during his stay in Bahrain.

Cho SY, Kang JM et al., Lancet. 2016;388:994-1001



Crowded ER at SMC

2014

Daily visit to ER 214
ER beds 56

. 133.2%
Overcrowding 4th high
index at ER (.t Ig est

In nation)

Hc?§p|t§I bed 91.20%
utilization

Length of stay 7.7d




The first patient (Patient A)

Symptom onset day 7 Symptom onset day 10

Transmitted MERS-CoV to 28 individuals before day 7

Osong Public Health Res Perspect 2015 6(4), 269e278 Cho SY et al., Lancet. 2016;388:994-1001



SMC diagnhosed the first case of MERS in Korea

= May 20: confirmed as the first imported MERS case in Korea (PCR)

It was “9 days” from the first Sx onset, when the diagnosis was
made at SMC.

Cho SY, Kang JM et al., Lancet. 2016;388:994-1001



Our challenge at that time

How to investigate the exposure and how to estimate who
were in greater risk of infection based on the information
available in 20157

* Ry<1

* Defining close contact?

* Applying our situation to the ones in the literature to define
close contact

* Within 2 meters how many hours? 1hr? 2 hrs?
* Etc...



Our conclusion and request to Korean
CDC at that time

* Phone conference with KCDC
* MERS-CoV is a new virus.

e Still unknown facts and truth on MERS-CoV exist in the nature
that should be scientifically confirmed.

-> Maximum precaution
-> A thorough and wide investigation

Until situation is confirmed safe!!!



ER Floor plan and patient location

A. Floor Plan

Information on location and
duration of stay at each place

C. Zone |V

aligsSs

» PED were retrieved from EMR.
’ = Duration of Stay at ER
X-ray before isolation
|
0 Zone 11 (5/17): 4 hrs
‘ I | il Zone | (5/18):5 hrs
[‘—_ ' B
Registration area T‘ Tra uma
RQﬂJscitation room
A = Door
I c.zoneln = M

| .

Preadmission zone

Sitting area

Serious patients

Cho SY, Kang JM et al., Lancet. 2016;388:994-1001



Exposure to the first case (patient A) at SMC

MERS Patient A in Korea:

68-yo Korean man

Index case 2nd case (wife)
(May 20) (May 21)
Isolation / quarantine Environmental disinfection Personal hygiene
Patients 285 HCW education
Hospital employee 193

No single case of secondary infection

Cho SY, Kang JM et al., Lancet. 2016;388:994-1001



Clinical Course of MERS-CoV Infection

Exposure to Sx onset 2-14 days
Duration of fever 8 days (median)
Symptom onset to PCR (-) 17 days (median)
Chest X-ray infiltrates 80.8%
Mechanical ventilation required 24.5%

Symptom onset to MV 9 days (median)
Symptom onset to death 14 days (median)

Oh MD M al. Kotmo J Intern UM 2018 kjim.org/journal/view.php?doi=10.3904/kim.2018.031



kjim.org/journal/view.php?doi=10.3904/kim.2018.031

Management after exposure to Patient A

)

Exposure to patient A

EE—)
Patient isolation/ Patient B

referral Q

DX | Exposure notification was done within “48 hours” from starting!

Contact investigation, isolation and monitoring; environment sanitation

We |dent|f|ed —
* SMC MERS hotline, notification calls
* F/U calls for patients and family contacts
e Alert system with notification to physicians and
reception desks for OPD visit, other planned tests (lab,
radiology, day hospital, etc)

everybody who
visited ER during his
stay regardless of
exposure degree.



What’s happening in Pyeongtaek St. Mary’s Hospital?

First hospital where the 1t MERS patient was hospitalized.

KCDC

Close contact:
defined as a person who had physical contact with index case, or a person who

stayed within a two-meter radius of a case for more than one hour in the same

space

KCDC decided 16 medical staffs were to be quarantined!

AND
No other patients in the same ward who could have been exposed were investigated,
notified or isolated. The rest of the patients were all discharged home without any

follow-up plans.

Kim KM, et al. Epidemiol Health 2015;37



MERS outbreak at SMC by “Patient 14"

MERS Patient 14 in Korea : 35 y/o Korean gentleman
= May 27t, transferred from Pyungtaek Good-Morning Hospital to SMC ER

because of pneumonia (Originated form Pyungtaek St. Mary’s Hospital)
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Che New HJork imes  June 17,2015

* In South Korea, when a parent gets sick, it is widely
considered a filial duty for the children to mobilize all
connections to secure a bed in Samsung or....

* When that strategy fails, patients are often taken
into the hospitals’ emergency rooms, where they can
wait for days for a bed in a general ward.



Patient B passed SMC MERS Screening
Questionnaires at ER arrival
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Patient B (14t MERS patient in Korea)

* A 35-year-old male without significant underlying disease

 May 15 - 17: Treated for community acquired pneumonia at the first hospital
e At the same ward of the same hospital with Patient A

e May 20: Discharged from the first hospital
* The same day when the 1st patient was diagnosed at 7 AM at SMC

 May 21- 25: Readmitted to the same first hospital because of fever

* May 25

* Moved to the second hospital because of worsening symptoms without being
suspected as MERS patient despite the exposure and re-admission

* May 27
* Left the second hospital and came to our hospital (SMC, third hospital)
* Without knowing his exposure to MERS-CoV

Cho SY, Kang JM et al., Lancet. 2016;388:994-1001



An MERS ER outbreak by “Patient B”

= May 27-29. Antibiotic treatment in three ER locations
(zone [l zone Ill = zone V).

= May 29 (Friday night): 9 days of KCDC investigation from 1st patient dx

- He received a call from the health authority for a possible exposure to

MERS index case at previous hospital.
- Immediate isolation
- Moved to ICU and placed on mechanical ventilator

- Traffic control and environmental sanitation in the ER
= May 30: Confirmed positive for MERS-CoV infection and transferred to

the national medical center.

Cho SY, Kang JM et al., Lancet. 2016;388:994-1001



The patient B with severe symptoms

Symptom onset day 7
On arrival at ER (May 27) In ER (May 29) At ICU (May 30)

Transmitted MERS-CoV to 82 individuals in ER

Cho SY et al., Lancet. 2016;388:994-1001



Timeline of what happened

8 confirmed cases with fourth-generation
transmission (7 HCWs and one patient)

pd ~
~ 7

Index case second case 82 confirmed cases with third-generation transmission

visited ER (A) visited ER (B) : (33 patients, 41 visitors and 5 HCWs)

<> <> < >

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1T 11

17 18 272829 31 16 23 "™ 3

May A June July

B

Hospital partial closure

Cho SY, Kang JM et al., Lancet. 2016;388:994-1001



Patient B and MERS outbreak

Index case B
(May 30)

Isolation & quarantine

Environmental sanitation

Personal hygiene

HCW education

MERS outbreak




ER Floor plan and patient B location

A. Floor Plan

Information on location  and
duration of stay at each
place were retrieved from
EMR.

Zone Il (5/27): 10 hrs
Zone Il (5/27-28): 19 hrs
Zone IV (5/28-29): 25 hrs

| ] S ’
C. Zone IV [ ' -\t

Sitting ea ~ Serious patients

Preadmission zone

Cho SY, Kang JM et al., Lancet. 2016;388:994-1001



Contact investigation after the exposure to Patient B

A: same zone Contact Investigation
B: overlap at registration
or in radiology J, l
C: different zones

218 Health Care

675 Patient Contacts Worker Contacts

v v
Group A Group B Group C
N=117 N=58 N=500
Overall attack rate
for patients: 4% y
. 19.7% 5.2% 0.8% 2.3%
Patients
' (23/117) (3/58) (4/500) (5/218)
Patients and 19.7% 5.2% 1.5%
Visitors (47/239) (6/116) (15/1003)

Cho SY, Kang JM et al., Lancet. 2016;388:994-1001



Attack rate (%)

Higher attack rates among patients who stayed
in the same zones

304

204

10+

p<0-0001
19.7%
<
5.2%
0.8%
| | I
Group A Group B Group C

.

-

60% - Group A (n=117)
32%
p=0-04/7

40% —

3%
20% - 89

0 I I
Zonell Zonelll Zone IV

Median exposure time for patients

in group A to Patient 14

- Zone I1: 3.0 hrs (range 0.5-10.3, IQR 1.9-4.5)

- Zone I11: 13.9 hrs (range 0.6—-18.9, IQR 6.3-18.4)
-Zone IV: 17.4 hrs (range 0.2-23.2, IQR 9.2-21.4)

Cho SY, Kang JM et al., Lancet. 2016;388:994-1001



No confirmed cases among those exposed to only
potentially contaminated environment

A. Flaor Plan

May 27 5%
May 28 1%
o}
2
2 May 29 0%
& |
e
S May27-28 18%
& |
May 27-29 2%
i [ Confirmed MERS-CoV cases
May 28-29 0% [ 1 Exposure without inspection
| | I | |
0 50 100 150 200 250

Number of cases

Cho SY, Kang JM et al., Lancet. 2016;388:994-1001



Murmber of confirned MERS-CaV cases

124

10+

Epidemiologic curve: Close contacts

shorter incubation periods. JiEH:

Patient 1

71 | symptom onset

B

—=

Median incubation period : 7 days
(range 2—-17, IQR 5-10)

Patient 14
first visited our
hospital

B GroupA [ Mot included in initial
O Group B contact investigation
[ GroupC M Health-careworker

Patient 14
symptom onset

4]

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

M —
4 Patient 14
stayed in our emergency room

1 2 3 45 6 7 8 0 10 11 12 13 14 15 16 17 18’

June

Incubation period can be longer than 14 days.

——

Incubation perod (days)

10

p<0-0001
p=0-054

—

p=0-90

1

B L

T T 1
Group A Group B Group C

Cho SY, Kang JM et al., Lancet. 2016;388:994-1001




Basic Reproduction Number: R,

e R, is affected by 3 parameters
e Transmission probability per contact
e Duration of infectiousness
e Number of contacts per unit time (contact rate)
e Contact rate is dependent on human social
behavior, population density, organization, and
seasonality
e Community vs hospital
e Kingdom Saudi Arabia vs Korea

Ro is hot a biological constant of a pathogen

(Complexity of the basic reproduction number. EID 2019 Jan)



Range of R, estimates

Many R,s for Measles
What is Our Current R,?

-@- Pre-vaccine
-@- Vaccine
®—@& Europe, 1838-82
Py ope, 183 @® Evrope
-® Europe
® Italy, 190816
o9 Ge , 1861
ool ©-® Germany, 2006
® Netherlands,
@ Denmark, 1907-30 1976-2001
@-® Denmark England, 1950-65
®-® Luxembourg, 1996 ® ®
®—@ England, 2012
&8 USA2008 o (anada, 1939-89
® @ India, 1969-2004 Africa, 1971-2004
L
® Senegal, 1983-86
& ———————@ Niger, 2003-04
T T T T T T T v & . R/ '
: 0 15 20 233 30 3% 40 45 NESN Sl

Kk

Lancet ID. RO of Measles: a systematic review. July 27. 2017
https://doi.org/10.1016/s1473-3099(17)30307-9



https://doi.org/10.1016/s1473-3099(17)30307-9

New R,for MERS-CoV from Korean outbreak

Hsieh YH 7.0 and 19.3.

Chang HJ 8.0977

Zhang XS., et al. 2.5(95% Cl, [1.7, 3.1])
7.2 (95% Cl, [5.3, 9.4])

Xia ZQ., et al. 4.422

Choi S., et al. The first outbreak cluster in a hospital in Pyeongtaek: 4.04
Samsung Medical Center: 5.0

Peer ). 2015 Dec 17;3:e1505. doi: 10.7717/peerj.1505. Biomed Eng Online. 2017 Jun 13;16(1):79.
Influenza Other Respir Viruses. 2017 Sep;11(5):434-444. PLoS One. 2015 Dec 21;10(12):e0144778.
J Hosp Infect. 2018 Jun;99(2):162-168.



MERS again in Korea in 2018, three years since 2015

{7, World Health
WE®¥ Organization

——

Western Pacific

/ﬁ‘ Health topics v Our work v News Emergencies v

Home [ Qutbreaks and emergencies / MERS in the Republic of Korea

This time, there was no outbreak.

MERS in the Republic of Korea

On & September 2018, the Republic of Korea reported its first imported case of Middle East
Respiratory Syndrome (MERS) since an outbreak in 2015. The case was a 61-year-old Korean man
who had returned to the Republic of Korea on 7 September following a business trip to Kuwait.

When the patient reported his symptoms and travel history to a doctor upon arriving home, MERS
was immediately suspected. Measures were put in place before the patient arrived at the hospital to

Credit: Korea Centers for minimize contact with others. The Government immediately notified the World Health Organization

Disease Control and (WHO), which supported the country to conduct investigations and share information internationally.

Prevention The national public health emergency operations centre kicked into action to coordinate the
response.

As a result, further spread of the disease within the Republic of Korea was prevented.



What was different?
2015 vs. 2018

Why was it different?
2015 vs. 2018



At SMC on September 7-8
e 19:15 Arrived at ER directly from the airport
* 19:17 Placed in febrile respiratory isolation unit
e 20:00 Chest x-ray in the unit
e 21:05 Center for Infection Prevention and Control of SMC
« 21:08 KCDC Call Center (telephone number 1339)
e 21:34 Official report to KCDC with additional information
e 00:01 Referred to nationally designated isolation unit
 Ataround 1 am, the first test was positive and at 4 pm, the second test was
confirmed p05|t|ve OnIy 4 HCWs were exposed W|th Iow risk.

=

The 2018 patient came to Samsung Medical Center (SMC).




Action after the exposure by the ministry
of health and Korea CDC in 2018

* 21 individuals who had close contact with the patient:

 family members, individuals who were seated near the
patient during travel, flight attendants, close contacts while
in Seoul and four health care workers

* In guarantine at home

* 435 individuals, including the passengers on the flight,
were passive surveillance.

http://www.who.int/csr/don/12-september-2018-mers-republic-of-korea/en/



Hardware renovation: ER

New Triage
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Every patient is screened for fever & respiratory symptoms
before entering ER.

46



%% %4 ( Coronaviruses)
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Figure 1: Date of illness onset and age distribution of patients
with laboratory-confirmed 2019-nCoV infection

(A) Number of hospital admission by age group. (B) Distribution of
symptom onset date for laboratory-confirmed cases. The Wuhan
local health authority issued an epidemiological alert on Dec 30,
2019, and dosed the Huanan seafood market 2 days later.
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Allpatients (n=41) WKUdre(n=13) No LU care (n=20)

Characteristics
Age, years 490 (41-0-58.0) 490 (41.0-610) 490(410-575) 060
Sex 024
Men 30 (73%) 11(85%) 19 (68%)

Women 11(27%) 2(15%) 9(32%)

Huanan seafood market 27 (66%) 9(69%) 18 (64%) 075 L ’:’: ’= ,,_\. , e E

exposure ].. L F 4:]. }—;ﬁ Ao .g Kﬁiﬁ&é‘}‘ ;‘75 }?ﬁ

C t smok 7% 0 11% 031
R pong 37%) 301%) 3 COIIlOI'bldl ty (32%), symptoms/ si gnsm > 3T,

Any comorbidity 13(32%) 5(38%) 8(29%) 053 0 By Lol 2 A
Diabetes 8(20%) 1(8%) 7(25%) 016 mortallty (15/0) E‘nﬁ;t-} p 7 57*\ 5 > Ty H = T Em
Hypertension 6(15%) 2(15%) 4(14%) 093 = .'Q 4 Pz 2 "ﬁ

-:B |;| i‘g%\:’ K1'+$,.‘ o
Cardiovascular disease 6(15%) 3(23%) 3(11%) 0-32 { F -ﬁ L—:} §%
Chronic obstructive 1(2%) 1(8%) 0 014
pulmonary disease

Malignancy 1(2%) 0 1(4%) 049

Chronic liver disease 1(2%) 0 1(4%) 0-68 2
=
Signs and symptoms 2, i JJI'/‘FE _—],'J-—,'El fo " vt VX}E Z‘\ I}Lx Eg:'@f‘
Fever 40 (98%) 13 (100%) 27(96%) 068 RE © il . 2% 4 T o
; 5 A 1B {o &
Highest temperature, *C 0-037 % 3 lE }‘fE;FL Fl ?:P ( KGI[{E;P\‘ F & ﬁ‘/{ 7L ;{E,
<373 1(2%) 0 1(4%)
37:3-380 8(20%) 3(23%) 5(18%)
381-39.0 18 (44%) 7(54%) 11(39%)
>390 14 (34%) 3(23%) 11(39%) 7 sz
= do 2 T e ¢2 38 >

Cough 31(76%) 11(85%) 20(71%) 035 3 Fl ’1\ j‘ vf ""lﬁ }i;P{

Myalgia or fatigue 18(44%)8 7(5:\) 1;(3:%) 038 (dyspnea Chest paln)

Sputum production 11/39 (28%) 5(38%) /26 (23%) 032

;

Headache 3/38 (8%) 0 3/25 (12%) 010 =T iﬂ S - F IR (8 days range H-13 days)

Haemoptysis 2/39(5%) 1(8%) 1/26 (4%) 0-46

Diarrhoea 1/38(3%) 0 1/25 (4%) 0-66

Dyspnoea 22/40 (55%) 12 (92%) 10/27 (37%) 0-0010

Days from illness onset to 80(5-0-13.0) 8.0(6-0-17-0) 65 (2:0-10.0) 02

dyspnoea

Days from first admission 5-0 (1-0-8-0) 8-0(5-0-14.0) 1.0 (1-0-65) 0002

to transfer

Systolic pressure, mmHg 1250 (1190-1350) 145.0(1230-167.0) 122.0(1185-1295) 0018

Respiratory rate 12 (29%) 8(62%) 4(14%) 00023

24 breaths per min Lancet Jan. 24 2020

Data are median (IQR), n (%), or n/N (%), where N is the total number of patients with available data. p valves
comparing ICU care and no ICU care are from ' test, Fisher's exact test, or Mann-Whitney U test. 2019-nCoV=2019
novel coronavirus. ICU=intensive cGare unit.
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Figure 2: Timeline of 2019 —nCoV cases after onset of illness
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Timeline of coronavirus onset

Shortness of breath
Hospital Intensive care
Onset of symptoms admission ARDS  unit admission
0 1 2 3 4 5 6 7 8 9 10 1

NUMBER OF DAYS*

ARDS=Acute respiratory disease syndrome

*Median time from onset of symptoms, including fever (in 98% of patients),

cough (75%), myalgia or fatigue (44%), and others. TH E LANC ET

Jan. 24 2020



Rt

Laboratory data ! : +“#$&specifice ¥ s £ lymphopenia » & £ x5 40 b

U 4

(fo 0L :}ﬁai B4R o 48 3 & 12 ]eukopenia# )
All patients (n=41) ICU care (n=13) No ICU care (n=28) p value
White blood cell count, x10°/L 6-2 (4-1-10-5) 113 (5-8-12-1) 57 (3-1-7-6) 0-011
<4 10/40 (25%) 1/13 (8%) 9/27 (33%) 0:041
4-10 18/40 (45%) 5/13 (38%) 13/27 (48%)
>10 12/40 (30%) 7113 (54%) 5/27 (19%)

Neutrophil count, x 10°/L 5.0 (3-3-8-9) 10-6 (5-0-11-8) 4-4 (2:0-61) 0-00069
Lymphocyte count, x 10°/L 0-8 (0-6-1-1) 0-4 (0-2-0-8) 1.0 (0-7-1-1) 0-0041
<1.0 26/41(63%) 11/13 (85%) 15/28 (54%) 0-045

210 15/41 (37%) 2/13 (15%) 13/28 (46%)
Haemoglobin, g/L 126.0 (118-0-140.0) 1220 (111.0-128.0) 1305 (120-0-140-0) 0-20
Platelet count, x10°/L 1645 (131:5-263.0) 196-0 (165:0-263-0) 1490 (131-0-263-0) 0-45
<100 2/40 (5%) 1/13 (8%) 1/27 (4%) 045
2100 38/40 (95%) 12/13 (92%) 26/27 (96%)




B f2n A

1. 98%7% Bl X
- 4 s gERlinvolvement ¥ 3 ¥ R 0 EXER ehE R
(# & ebilateral pneumonia: virus, PJP, Legionella)

2. ¥EE O Fp (non-1CU) :
11 GGOf-segmental consolidationz i
~ B 4O E 5 B AL AR

fe gt P A F 3 T RR e R (pleuritic pain, SOB) >
g E g & rhints 4377 j PrEeiEe (P a)

2 4}’ =5 p"lﬁ EE)#’L)#’L rﬂ}]}‘a Ao Li'.CXR-ﬁ‘- 28 ’%F“/;/Eﬁmfl’l‘ LV

¥ S #CT




Progression of CXR in a
patient with 2019-nCoV
infection

Jan. 28, 2020 NEIM

Figure 1. Radiographs of the Father’s Chest.
Shown are chest radiographs obtained at admission (Panel A) and on day 3 (Panel B), day 5 (Panel C), and day 6
(Panel D) after admission.




Shenzhen-based family visit infected relatives in Wuhan,

and return with illness
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A familial cluster of pneumonia associated with the 2019
novel coronavirus indicating person-to-person transmission:
astudy of a family cluster
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Figure 1: Chronology of
symptom onset of the
Shenzhen family clusterand
their contacts in Wuhan
Dates filled in red are the dates
on which patients 1-6 had
close contacts with their
relatives (relatives 1-5).

Dates filled in yellow are the
dates on which patients 3-6
stayed with patient 7.

The boxes with an internal red
cross are the dates on which
patients 1 and 3 or relatives 1,
2, and 3 had stayed overnight
(white boxes) at or had visited
(blue boxes) the hospital in
which relative 1 was admitted
for febrile pneumonia.

The information of relatives
1-5 was provided by patient 3.
No virological data were
available.
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Figure 1: Chronology of
symptom onset of the
Shenzhen family cluster and
their contacts in Wuhan
Dates filled in red are the dates
on which patients 1-6 had
close contacts with their
relatives (relatives 1-5).

Dates filled in yellow are the
dates on which patients 3-6
stayed with patient 7.

The boxes with an internal red
cross are the dates on which
patients 1and 3 or relatives 1,
2, and 3 had stayed overnight
(white boxes) at or had visited
(blue boxes) the hospital in
which relative 1 was admitted
for febrile pneumonia.

The information of relatives
1-5 was provided by patient 3.
No virological data were
available.



Patient1 Patient2 Patient3 Patient4 Patient5 Patient?7

Interval between sample 7 6 9 10 NA 7

collection and symptom onset

(days)

Real-time RT-PCR (spike gene)
Nasopharyngeal swab +(Ct31) +(Ct27) ND +(Ct31) ND +(Ct27)
Throat swab NA NA ND ND +(Ct40)  +(Ct33)
Sputum NA NA NA NA +(Ct27)  +(Ct25)
Serum ND +(Ct40) NA NA ND NA
Plasma NA NA ND ND ND ND
Urine ND ND ND ND ND NA
Stool NA NA ND ND ND ND

1. Throat swabt# ! & 2 3 nasopharyngeal swab¥ 7 (3 #34%)
2. Patient 3: ¥ # » K CT %r
3. tF "B xT > P fstool ~urinek & I m -+




CT: Focal or multifocal ground glass opacities

k
Figure 2: Representative images of the thoracic CT scans showing multifocal ground-glass changes in the
lungs of patient 1 (A), patient 2 (B), patient 3 (C), and patient 5 (D)



[ Linked to Huanan market [ Mot linked to Huanan market

A novel coronavirus was officially
announced as the causative
pathogen of the outbreak

by China CDC

China CDC Level 2 emergency
response activated

— China CDC publicly shared the gene sequence
of the novel coronavirus; completed PCR
diagnostic reagent development and testing

PCR diagnostic reagents provided to Wuhan

— First confirmed case from Wuhan
reported outside China (in Thailand)

— China CDC emergency response level

504 o ] o upgraded to Level 1 (the highest level);
Emergency monitoring, case investigation, — ! national technical protocols for 2019-
45 close contact management, and market A nCoV released by NHC
investigation initiated, technical protocols
40 for Wuhan released.; NHC nDt'ﬁEd WHO — Strict exit screening measures activated
and rele'.rant. countries and regions; gene in Wuhan, people with body temperature
35 sequencing completed by China CDC I =37.3°C were restricted from leaving
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v 257 Outbreak announced by WHC; L ¥ issued test reagent to all provinces
a8 MHC and China CDC involved T 1| in China
Z 20 in investigation and response Al
_ _ MCIP incorporated as a notifiable
154 Case-finding activated 18 disease in the Infectious Disease
Law and Health and Quarantine
104 Pneumonia cases linked Law in China
to the Huanan Seafood
5| Wholesale Market Reagent probes and primers
1 shared with the public by
- China CDC
04 T T T T T T T T
7 30 3 & 9 12 15 18 21 24 7 30 2 5 g 11 14 17 20
| Il I I
Maow. Dec. Jan
| |1 I
2019 2020

Outbreak Period

Figure 1. Onset of lllness among the First 425 Confirmed Cases of Novel Coronavirus (2019-nCoV)-Infected Pneumonia (NCIP)

in Wuhan, China.

The decline in incidence after January 8 is likely to be due to delays in diagnosis and laboratory confirmation. China CDC denotes Chi-
nese Center for Disease Control and Prevention, NHC National Health Commission of the People’s Republic of China PCR nalvmearasa

chain reaction, WHC Wuhan Health Commission, and WHO World Health Organization.
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Table 1. Characteristics of Patients with Novel Coronavirus—Infected Pneumonia in Wuhan as of January 22, 2020.*
Before January 1 January 1 -January 11 January 12 —January 22
Characteristic (N=47) (N=248) (N=130)
Median age (range) — yr 56 (26-82) 60 (21-39) 61 (15-89)
Age group — no.[total no. (36)
<15yr 0/47 0/248 0/130
15-44 yr 12/47 (26) 39/248 (16) 33/130 (25)
4564 yr 24/47 (51) 106/248 (43) 49/130 (38)
265 yr 11/47 (23) 103/248 (42) 48130 (37)
Male sex — no./total no. (%) 31/47 (66) 147/248 (59) 62/130 (48)
Exposure history — no.ftotal no. (%)
Wet market exposure 30/47 (64) 32/196 (16) 5/81 (6)
Huanan Seafood Wholesale Market 26/47 (55) 19/196 (10) 5/81 (6)
Other wet market but not Huanan Seafood 4/47 (9) 13/196 (7) 0/81
Wholesale Market
Contact with another person with respiratory 14/47 (30) 30/196 (15) 21/83 (25)
symptoms
No exposure to either market or person with re- 12/27 (26) 141/196 (72) 59/81 (73)
spiratory symptoms
Health care worker — no.ftotal no. (%) 0/47 7/248 (3) 8/122 (7)

* Reduced denominators indicate missing data. Percentages may not total 100 because of rounding.

The NEW ENGLAND JOURNAL of MEDICINE
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Figure 2. Key Time-to-Event Distributions.
The estimated incubation period distribution (i.e., the time from infection to illness onset) is shown in Panel A. The
estimated serial interval distribution (i.e., the time from illness onset in successive cases in a transmission chain) is
shown in Panel B. The estimated distributions of times from illness onset to first medical visit are shown in Panel
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Figure 3. Detailed Information on Exposures and Dates of Illness Onset in Five Clusters Including 16 Cases.
Mumbers in boxes are calendar dates in December 2019 and January 2020. Data from the 5 secondary cases (patients who had clear

exposure to only one index case and had no other potential source of infection) were used to estimate the serial interval distribution.
The first four clusters were identified in Wuhan, and the fifth cluster was identified in Huanggang.




Key points:

*Main symptoms are fever, fatigue, and dry cough. Few patients have nasal congestion,
runny nose, diarrhea and other symptoms. Severe cases develop dyspnea after one week,
and severe cases progress rapidly to acute respiratory distress syndrome, septic shock,
difficult-to-correct metabolic acidosis, and coagulopathy. It is worth noting that in the
course of severe and critically ill patients, they can have only moderate to low fever, or
even no fever.

eSome patients only show low fever, mild fatigue, etc., without pneumonia
manifestations, mostly recovered after 1 week.

eMedian age is 48 years, The age range is from 9 months to 96 years, and less than 0.6%
of cases are under 15 years of age. Incubation period is 3 to 7 days, and the longest is no
more than 14 days. Patients with underlying diseases and older age are more likely to
develop severe illness and death.

eCurrent evidence suggests the main route of transmission of the virus is respiratory
droplet and close contact transmission. The virus is highly contagious, with Interpersonal
Communication Index (RO) between 2 and 3. There is no reliable evidence that the
disease is contagious during the incubation period.
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Comparison of clinical manifestations (SARS, MERS, 2019-nCoV)

SARS-CoV 2002 MERS-CoV 2012 MERS-CoV 2015 2019-nCoV
(China) (Middle East) (Korea) (Wuhan, n=41)
98

Fever 99-100 98 81.7
Chills/rigors 15-73 87 NA NA
Cough 62-100 83 56.9 76
Dry cough 29-75 56 NA NA
Productive cough 4-29 44 39.8 28
(sputum) (sputum production)
Hemoptysis 0-1 17 4.3 5
Headache 20-56 11 20.4 8
Myalgia 45-61 32 43 44
(myalgia or fatigue)
Malaise 31-45 38 NA
Shortness of breath 40-42 72 41 (dyspnea) 55 (dyspnea)
Nausea 20-35 21
14 NA
Vomiting 20-35 21
Diarrhea 20-25 26 19.4 3
Sore throat 13-25 14 9.1 NA
Rhinorrhea 2-24 6 1.6 NA
Decreased consciousness NA NA 5.4 NA

Hui D. et al., Curr Opin Pulm Med. 2014;20:233-241, Choi WS. et al., Infec Chemother. 2016;48:118-126; Huang C et al., Lancet 2020 Jan24



Patients seek health care and can
be diagnosed and isolated, and
their contacts can be traced.

A caveat is that coronaviruses
have a propensity for noso-
comial spread.

Patients do not seek health care,
Mild or asymptomatic do not receive a diagnosis, and
may spread the virus to contacts.

Ability to contain emerging virus
in absence of countermeasures

Figure 1. Surveillance Pyramid and Its Relation to Outbreak Containment.

The proportion of mild and asymptomatic cases versus severe and fatal cases is cur-
rently unknown for 2019-nCoV — a knowledge gap that hampers realistic assess-
ment of the virus’s epidemic potential and complicates the outbreak response.



Table 1. Pathogenicity and Transmissibility Characteristics of Recently Emerged Viruses in Relation to Outbreak Containment.

Case Fatality

Virus Rate (%) Pandemic Contained Remarks

2019-nCoV Unknown™ Unknown No, efforts ongoing

pHINI1 0.02-0.4 Yes No, postpandemic circulation and es-
tablishment in human population

H7N9S 39 No No, eradication efforts in poultry res-
ervoir ongoing

NL63 Unknown Unknown No, endemic in human population

SARS-CoV 9.5 Yes Yes, eradicated from intermediate ani- 58% of cases result from nos-
mal reservoir ocomial transmission

MERS-CoV 34.4 No No, continuous circulation in animal 70% of cases result from nos-
reservoir and zoonotic spillover ocomial transmission

Ebola virus (West 63 No Yes

Africa)

* Number will most likely continue to change until all infected persons recover.
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What did we learn from Korean MERS-CoV cases in 2015
and 2018 to face current 2019-nCoV outbreak (l)?

2015 MERS-CoV 1st case 2018 MERs-CoV 1st case
* Index patient hide some travel | |* Index patient reported all the
information. Incomplete “TOCC” information. TOCC important

history takin ) ) )
Y 8 e 2 minutes to isolate patient

* 9 hours to isolate patient * Less than 6 hours to get MERS-

e 2 days to get MERS-CoV PCR CoV PCR done (KCDC)

done (KCDC) e Less than 12 hours to confirm
* 9 days to confirm MERS MERS

* 9 days to reinvestigate the || 1-2 days to investigate the whole
exposed individuals properly thing and have appropriate action
(KCDC)




What did we learn from Korean MERS-CoV cases in 2015

and 2018 to face current 2019-nCoV outbreak (Il)?

2015 MERS-CoV exposure

2018 MERS-CoV exposure

* Lack of awareness
* General public did not know MERS.

* General physicians were not familiar
with MERS and did not suspect
MERS as initial diagnosis.

* Preparedness

* Health care facility: limited
preparedness

* KCDC: delayed diagnosis and
incomplete epidemiologic
investigation

* Limited communication by KCDC and
among health care facilities

* Increased awareness

* Patient reported his visit to Middle
East and symptoms

e Physicians at all level are familiar
with MERS.

* Preparedness

* Health care facility: better equipped,
isolation units, trained staff,
protocol, drills

e KCDC: clear case definition, rapid
diagnosis and thorough
epidemiologic investigation

* Open and prompt communication by
KCDC and media (public)
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