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Week of human case iliness onset (or hospitalization or reporting if onset not published)
lan Mackay, www.virologydownunder.blogspot.com.au 35
Bats
Insects/Flowers ¥ et Mackay IM et al. Virus Res. (2015)
Attract bats Parturition
Palms
Dates/Flowers
Sap/Drinks
Shade
Contact (climbing) Structures/Caves
A ] Bat roosts
h“ ’ Baboon/cat rodentcontact
"“
Wind f
Stirs up dust /
Water
Contaminated
Camels
lliness
h Fresh excreta Humans
W_  Meat preparation Aerosol
Baboons c d Milking/Milk Inhalation
Freshexcreta ~Cats/rodents Close contact Ingestion?
Fresh excreta gestiont?
Caves/trash Pet Self-inoculation
ets
Close contact Eye rubbing
Nose picking
.Meat/milk/urine contact
. 36
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Volume 20, Number 7—July 2014
Letter

Stability of Middle East Respiratory Syndrome Coronavirus in
Milk

Suggested citation for this article

Article Contents
To the Editor: Middle East respiratory syndrome coronavirus
(MERS-CoV) was first diagnosed in humans in 2012. Human-to- * Letter
human transmission of MERS-CoV has been limited, and the
transmission route is still unclear. On the basis of epidemiologic
studies, involvement of an animal host has been suggested (1). * References
Dromedary camels have been identified as a possible * Figure
intermediate host on the basis of MERS-CoV antibodies and
detection of MERS-CoV viral RNA in respiratory swab samples
(1-3). Furthermore, MERS-CoV genome sequences obtained

* Acknowledgments

* Suggested Citation
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CAMEL MILK

A
Eﬁzzf%%é%{
* MERS-CoV could survive for ‘
prolonged periods in milk . Yo
* viable virus was not detectable ;-
after pasteurization <.,
359
van Doremalen N, et al, EID 2014 = o

CAMEL MILK
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OTHER DISEASES ASSOCIATED
WITH CAMELS

* MERS-CoV

* Tuberculosis

* Rift valley fever

* Brucellosis

* Adenovirus - Common Respiratory viruses
* Trypanosomiasis

* Equine Herpes virus, camelpox

* GAPS in data - NEED for further studies!!!

www.thelancet.com/infection Vol 16 January 2016 41

Evolution of MERS-CoV in camels
Recent SCIENCE study

5 lineages in camels
* Co-circulation of multiple lineages

* At least 6 recombination events — common in RNA
viruses --> ?? Increased pathogenicity

* Lineage 5, i.e. Ryadh & S. Korea/China outbreaks of
recombinant origin

* Occurred between12/2013 & 6/2014

www.thelancet.com/infection Vol 16 January 2016 42
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Evolution of MERS-CoV in camels
Recent SCIENCE study

Trends in Microbiology

Figure 1. Four Possible Routes for MERS-CoV Transmission. The well accepted human-to-human,
human-to-camel, and camel-to-camel are labeled in solid arrows. The possible and ignored human-to-camel
transmission is labeled in a dashed arrow. The camel and human images courtesy of Steven Traver and T.
Michael Keesey.

Sabir, J.S. et al. (2016) Science 351, 81-84
Lin Du, GZ Han. Trends in Microbiology, February 2016, Vol. 24, No. 2 43

RAPID COMMUNICATIONS

Stability of Middle East respiratory syndrome
coronavirus (MERS-CoV) under different

environmental conditions

Nvan Doremalen?, T Bust ker, V] M (vincent

ih.gov)

1. Laboratory of Virology, Division of Intramural Research, National Institute of Allergy and Infectious Diseases, National

Institutes of Health, Hamilton, MT, USA

Citation style for this article:

van Doremalen N, Bushmaker T, Munster V). Stability of Middle East respiratory syndrome coronavirus (MERS-CoV) under different environmental conditions. Euro
Surveill. 2013;18(38):pii=20590. Available online: http://www.eurosurveillance.org/ViewArticle.aspx?Articleld=20590

The stability of Middle East respiratory syndrome cor-
onavirus (MERS-CoV) was determined at 20°C - 40%
relative humidity (RH); 30°C — 30% RH and 30°C - 80%
RH. MERS-CoV was more stable at low temperature/
low humidity conditions and could still be recovered
after 48 hours. During aerosolisation of MERS-CoV, no
decrease in stability was observed at 20°C — 40% RH.
These data suggest the potential of MERS-CoV to be
transmitted via contact or fomite transmission due to
prolonged environmental presence.

Article submitted on 10 S 2013/ on19 S 2013

Environmental stability

MERS-CoV  (isolate  HCoV-EMC/2012) and A/
Mexico/4108/2009 (HiN1) virus were propagated and
titrated by end-point titration on VeroE6 cells (for
MERS-CoV) and Madin-Darby canine kidney (MDCK)
cells (for A/Mexico/4108/2009 (H1iN1) virus) as previ-
ously described [9,10]. To determine the environmen-
tal stability of the two viruses, 100 pl of 10° tissue
culture infective dose 50 (TCID,,) of MERS-CoV or A/
Mexico/4108/2009 (HiN1) virus was spotted in drop-
lets of 5 pl on the surface of steel or plastic washers

44
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FIGURE 1

Viability over time of Middle East respiratory syndrome coronavirus (MERS-CoV) and A/Mexico/4108/2009 (HIN1) virus

under different environmental conditions

A

6 Plastic
- 57
£
a L
32
S
0E b
24 4
C
6 — 20°C- 40% RH
— 30°C-30%RH
o — 30°C-80%RH
I swmndard deviation
4
3
o T * T * T ha T * T h
o 12 24 36 48 60 72 48
Time (hours) Time (hours)

N van Doremalen et al Euro Surveill. 2013;18(38) 45

MERS-CoV

Human - Human transmission

46
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Human to human — MERS CoV

Ry is <1 unless NO Infection Control!!!

Case clusters
— UK, Tunisia, Italy, S Arabia, France
— 2ry cases milder, asymptomatic

> 50% of lab confirmed cases in HC settings

2ry transmission in households
— 26 index = 280 contacts = 12 probable cases

N Engl J Med 2014; 371:828 47

No. of New Cases

W Asymptomatic patient
14 W Symptomatic patient
Symptom onset in potential primary case

3
No MERS-CoV cases were reported
from January 1-March 2, 2014
6
Case
44 definition
changed
24
) 5 V> a0 B D AV A» DDA AL AX AL D AD L X 6 DO A
> NN N O A I A R LRI IR S
@,; ’ﬁi %@g & ‘?‘Q&\ \?‘Qx\ ‘?‘Q‘\V‘Q&\VQ&VQ&V$§\?~<§§\?~Q®\?nggi\\vggv&&\?sz&@& \S’\ @f»* ®'b* Q&V\&@ﬁ@ﬁ
A7 A7 QT Q7 QT QT QT Y

2014

Obono | et al. NEJM Feb 26, 2015 48
Drosten C et al CID 2015:60
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Source in Jeddah outbreak 2014

* Admission to health unit 34%
* Visit in outpatient offices 62%
* Patient visit 17%
* NO contact with healthcare 22%

> 1 sources / exposures !!!

Obono | et al. NEJM; 2015 49

255 Patients had laboratory-confirmed
MERS coronavirus infection

| |

191 (75%) Were symptomatic

64 (25%) Were asymptomatic

| | R

41 (64%) Were health 23 (36%) Were not health 40 (21%) Were health 151 (79%) Were not health
care personnel care personnel care personnel care personnel

N >
21 (14%) Were unreachable 130 (86%) Were contacted
by telephone and did not by telephone or had
have medical chart available medical chart reviewed
1h8 (149) Were not able'to 112 (86%) Had pre-illness
ave pre-illness exposure
exposure assessed
assessed
Obono | et al. NEJM Feb 26th' 2015 ‘ 109 (97%) Were not | ‘ 3 (3%) Were potential

primary cases primary cases
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No. of patients
diagnosed positive

{ | MKFH
164 | ™ Other

1 2 3 4 5 6 7 8 9 10 11 12
Time window (3-day interval)

Drosten C et al CID 2015:60

51

1x 107 subst. site”

Drosten C et al CID 2015:60

52
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MERS-CoV, HCWs / all cases

HCWs
Number of times a MERS-CoV positive human was described as being a healthcare worker (HCW), by WEEK

[=2)
S

MERS-CoV detection
[ Healthcare workers

N
o

20 1

TOTAL MERS-CoV detections (bar)

lan Mackay, www.virologydownunder.blogspot.com.au

53

@
S 3

N w N
o S o

-
o

Cases described as HCWs (line)

MERS-CoV

Clinical Picture - Diagnosis - Rx

54
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Clinical picture

e Analysis 144 lab. confirmed & 17 probable
— 63,4% -> severe respiratory disease, ARDS, MOF

— 76% w 2> 1 underlying condition, p<0.001
* Renal failure, Diabetes Melitus, Heart Diseases
— 18 asymptomatic

@ PLOS | SRR

55

MERS-CoV DIAGNOSIS

* Collaboration w Reference laboratories

* rRT-PCR testing of lower respiratory specimens

g‘%g World Health
&% Organization

56
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MERS-CoV DIAGNOSIS

Table 1. Specimens to be collected from symptomatic patients and asymptomatic contacts

Patient Test Type of sample Timing Storage and Remarks
transportation
Symptomatic  RT-PCR Lower respiratory tract ~ Collect on presentation. If the specimen will Follow international
- sputum To confirm clearance of reach the laboratory in  regulations and triple
- aspirate the virus, sample collection less than 72_hours, package sy_stem for
- lavage fo be rep’eated until the Zt%e and ship at transportation.

Upper respiratory tract  results are negative on 2
- nasopharyngeal and sequential samples.
oropharyngeal swabs

nasopharyngeal

wash/nasopharyngeal

aspirate

Serum for virus detection
(particularly if lower
respiratory tract specimens
are not available.)

For monitoring the
distribution of virus in the
body: other sample types,
stool, urine

If the specimen will
reach the laboratory in
more than 72 hours,
store at -80°C and
ship on dry ice or
liquid nitrogen.

g’&‘g World Health
U&7 Organization

57

Symptomatic ~ Serology

MERS-CoV DIAGNOSIS

Serum for serological Paired samples are

testing. necessary for confirmation
with the initial sample
collected in the first week
of illness and the second
ideally collected 2-3 weeks
later.

If only a single serum
sample can be collected,
this should occur at least
14 days after onset of
symptoms for
determination of a
probable case.

As above. As above.

Asymptomatic PCR
Contact
(particularly in

Nasopharyngeal and
oropharyngeal swabs;
sputum if possible.

Within 14 days of last
documented contact.

As above. As above.

health-care Serology Serum

centre
associated
outbreaks or
other situations
of high-intensity
contact)

Baseline serum taken
within 14 days of last
documented contact and
convalescent serum taken
2-3 weeks later.

If only a single sample is
possible, collect at least 14
days after last documented
contact

As above. As above.

g’&‘g World Health
U&7 Organization

58

Hosted by Paul Webber paul@webbertraining.com
www.webbertraining.com

29



MERS-COV: Implications for Healthcare Facilities
Prof. Sotirios Tsiodras, University of Athens, Greece
A Webber Training Teleclass

Diagnosis - typing MERS-CoV 2015-16

Journal of Clinical Virology 64 (2015) 83-87

Contents lists available at ScienceDirect

Journal of Clinical Virology

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

Reliable typing of MERS-CoV variants with a small genome fragment @msmﬂ

Saskia L. Smits*", V. Stalin Raj?, Suzan D. Pas?, Chantal B.E.M. Reusken?, Khaled
Mohran ¢, ElImoubasher A.B.A. Farag®, Hamad E. Al-Romaihi¢, Mohd M. AlHajri¢,
Bart L. Haagmans?, Marion P. Koopmans

2 Department of Viroscience, Erasmus Medical Center, P.0. Box 2040, 3000 CA Rotterdam, Netherlands
® ViroClinics BioSciences BV, Marconistraat 16, 3029 AK Rotterdam, Netherlands

<Ministry of the Environment, Doha, Qatar

4 Biotechnology Research Department, Animal Health Research Institute, Agricultural Research Center, Egypt

© Supreme Council of Health, Doha, Qatar

" Virology Division, Centre for Infectious Diseases Research, Diagnostics and Screening, National Institute for Public Health and the Environment,
Bilthoven 3720BA, Netherlands
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Viral shedding & 2" case in Greece!

N. Spanakis et al. / International Journal of Antimicrobial Agents xxx (2014) xxx-xxx
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Viral shedding & 2" case in Greece!

O,

N. Spanakis et al. / International Journal of Antimicrobial Agents xxx (2014) xxx-xxx
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Rx - MERS-CoV 2016

INTERIM GUIDANCE DOCUMENT

Clinical management of

severe acute respiratory infections
when novel coronavirus is suspected:

What to do and what not to do

11 February 2013

N

4!9;“» World Health
8V Organization

S

e 63
Rx - MERS-CoV 2016
Public Health NN
England ISARIC
Treatment of MERS-CoV:
Information for Clinicians
Clinical decision-making support for
treatment of MERS-CoV patients
5 September 2015
v3.0
64
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Rx - MERS-CoV 2016
ISARIC & WHO

» Benefit likely to exceed risk

—Convalescent serum
—Interferonsesp b

—Lopinavir

—Monoclonal & polyclonal Abs

L

&“\g World Health
¥ Organization

65

Rx - MERS-CoV 2016

Strength of evidence

Study Focus: *

Quality of Best
Available Evidence®

Order of
Recommendation¥

Convalescent plasma # SIV; SA; SC; MIV SC (Moderate) 1
Interferon SIV; SA; SC; MIV MIV (Low) 2
Protease Inhibitors SIV; SA; SC SIV (Very Low) 2
Intravenous Immunoglobulin SIV; SA; SC; MIV Nil 3
Nitazoxanide Nil Nil 3
Others e.g. Cyclosporin A SIV; MIV MIV (Very Low) 3
Ribavirin SIV; SA; SC SIV (Very Low) 4
Corticosteroids SIV; SA; SC SA (Low) 4

4

Interferon plus ribavirin

SIV; SC; MIV; MA

MA (Very Low)

# Hyperimmune globulin or human neutralising monoclonals when available. The latter were shown active in

SARS animal models.

* SARS in vitro (SIV); SARS animal (SA); SARS clinical (SC); MERS-CoV in vitro (MIV); MERS animal (MA)

WHO Interim guidance, 2015

66
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ELSEVIER Microbes and Infection 17 (2015) 142—148 —

Development of human neutralizing monoclonal antibodies for prevention
and therapy of MERS-CoV infections

Haoyang Li “. Lu Lu “. Dimiter S. Dimitrov . Shibo Ji

T. Ying et al. / Microbes and Infection 17 (2015) 142—148

mAb cocktails

MERS-CoV

LR
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R //@ / [\ i'ﬁy DPP4 ‘ novel monomeric antibody constructs
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Virology 490 (2016) 49-58

Contents lists available at ScienceDirect

Virology

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

VIROLOGY

3B11-N, a monoclonal antibody against MERS-CoV, reduces lung
pathology in rhesus monkeys following intratracheal inoculation
of MERS-CoV Jordan-n3/2012

Reed F. Johnson **, Ulas Bagci ™", Lauren Keith ¢, Xianchun Tang, Daniel J. Mollura®,
Larry Zeitlin®, Jing Qin', Louis Huzella ¢, Christopher J. Bartos®, Natasha Bohorova®,
Ognian Bohorov ¢, Charles Goodman ¢, Do H. Kim ¢, Michael H. Paulty©, Jesus Velasco ,
Kevin J. Whaley €, Joshua C. Johnson ¢, James Pettitt , Britini L. Ork®, Jeffrey Solomon’,
Nicholas Oberlander ¢, Quan Zhu ¢, Jiusong Sun®, Michael R. Holbrook, Gene G. Olinger®,
Ralph S. Baric?, Lisa E. Hensley ¢, Peter B. Jahrling *“, Wayne A. Marasco ¢

CrossMark
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Virus Research 194 (2014) 200-210

Contents lists available at ScienceDirect

Virus Research

I 2 journal homepage: www.elsevier.com/locate/virusres

Middle East respiratory syndrome coronavirus (MERS-CoV) entry
inhibitors targeting spike protein

Shuai Xia®', Qi Liu®-<', Qian Wang?, Zhiwu Sun®, Shan Su?, Lanying Du”,

Tianlei Ying?, Lu Lu®**, Shibo Jiang*-"-

2 Key Lab of Medical Molecular Virology of MOE/MOH, Shanghai Medical College, Fudan University, 130 Dong An Road, Xuhui District, Shanghai 200032,

China
® Lindsley F. Kimball Research Institute, New York Blood Center, New York, NY 10065, USA

S. Xia et al. / Virus Research 194 (2014) 200-210

S1 subunit q—l-—) S2 subunit
PRPY) 567 770 788892 1013 1145 1194 1216 1255
sarscov L FP ] [ Il
wers.cov IR I P ] HR1 B <Rz R P
12

751 543 982984 1108 1246 1295 1317 1353

<—— RBD: target of neutralizing
antibodies and DPP4

<—— HR1: target of fusion inhibitors
(HR2 peptides)

<—— HR2
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Antiviral Research 114 (2015) 1-10

Contents lists available at ScienceDirect

Antiviral Research

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

A screen of the NIH Clinical Collection small molecule library identifies
potential anti-coronavirus drugs

Jianzhong Cao, J. Craig Forrest, Xuming Zhang *

Department of Microbiology and Immunology. University of Arkansas for Medical Sciences, Little Rock, AR 72205, United States
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MERS — CoV
Infection control

Contents lists available at ScienceDirect

American Journal of Infection Control

journal homepage: www.ajicjournal.org

State of the Science Review

Middle East respiratory syndrome coronavirus: Implications @C ke
for health care facilities

Helena C. Maltezou MD, PhD **, Sotirios Tsiodras MD, PhD"

? Department for Interventions in Health-Care Facilities, Hellenic Center for Disease Control and Prevention, Athens, Greece
b Fourth Department of Internal Medicine, University of Athens Medical School, Attikon University Hospital, Athens, Greece

American Journal of Infection Control 42 (2014) 1261-5

71
MERS - CoV
Infection control
Middle East respiratory syndrome coronavirus
Case definition for reporting to WHO
Interim case definition
14 July 2015 N
http'//lvjvv):w who.int/csr/disease/coronavirus_infections/case_definition/en/ @ x)\{%';[r‘“gaetagn
72
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MERS-CoV / Case definition
Confirmed

A person with laboratory confirmation of MERS-CoV
infection', irrespective of clinical signs and symptoms.

"&‘3 World Health
% Organization

73

L

MERS-CoV / Case definition
Probable

Definition 1

o A febrile acute respiratory illness with clinical,
radiological, or histopathological evidence of pulmonary
parenchymal disease (e.g. pneumonia or Acute
Respiratory Distress Syndrome); and

¢ Direct epidemiologic link” with a confirmed MERS-CoV
case; and

o Testing for MERS-CoV 1s unavailable, negative on a
. - . 3 . T
single inadequate specimen” or inconclusive.

72

”&‘g World Health
S%2 Organization

74
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MERS-CoV / Case definition
Probable

Definition 2

o A febrile acute respiratory illness with clinical,
radiological, or histopathological evidence of pulmonary
parenchymal disease (e.g. pneumonia or Acute
Respiratory Distress Syndrome); and

e The person resides or travelled in the Middle East, or in
countries where MERS-CoV 1s known to be circulating
in dromedary camels or where human infections have

recently occurred; and

e Testing for MERS-CoV is inconclusive.*

L

"&‘3 World Health
% Organization

75

MERS-CoV / Case definition
Probable

Definition 3
¢ An acute febrile respiratory illness of any severity; and

o Direct epidemiologic link® with a confirmed MERS-CoV
case; and

e Testing for MERS-CoV is inconclusive.

L

"&‘3 World Health
% Organization

76
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MERS — CoV
Infection control

Contents lists available at ScienceDirect

American Journal of Infection Control

journal homepage: www.ajicjournal.org

State of the Science Review

Middle East respiratory syndrome coronavirus: Implications @C Tk
rossMarl

for health care facilities

Helena C. Maltezou MD, PhD **, Sotirios Tsiodras MD, PhD"

? Department for Interventions in Health-Care Facilities, Hellenic Center for Disease Control and Prevention, Athens, Greece
b Fourth Department of Internal Medicine, University of Athens Medical School, Attikon University Hospital, Athens, Greece

American Journal of Infection Control 42 (2014) 1261-5
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MERS — CoV
Infection control

* Multiple events of health-care associated

transmission
— Pts w comorbidities --> severe dz

— HCW frequently affected --> milder dz

* GAPS in infection control in all events !!1!

Maltezou H, Tsiodras S. American Journal of Infection Control 42 (2014) 1261-5
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EMERGING
INFECTIOUS DISEASES'

Volume 20, Number 4—April 2014
Contact Investigation for Imported Case of Middle East
Respiratory Syndrome, Germany

Annicka Reuss [ , Annette Ligterst, Christian_Drosten, Michael Seilmaier, Merle Bhmerl, Petra Graf,

Hermann Gold, Cl -Martin , Arina Z; Lars Schaade, Walter Haas, and Udo
Buchholz
Before MERS
MERS Stispected suspected After MERstuspected

10 - [ | [ \
o 91 A OAerosol expos.ure .
g 84 A A Any contact with patient
o 4
S 71 A O
2 ¢ A
o 54 A A
<
= 4 O A
2 3 0 © @ ©
o 21
g @

14

0+ —

Mar19 Mar20 Mar21 Mar22 Mar23 Mar24 Mar25 Mar26

Figure 2. Daily number of health care workers who had contact with a patient infected with Middle
East respiratory syndrome (MERS) coronavirus who was hospitalized in Germany, March 19-26,
2013.
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MERS-CoV / IHR EC 2015

* Recent KSA mission - 23 August 2015

* Hospital based outbreak

— Virus transmission in the ER of the most heavily affected

hospital !!!
* Despite established triage!!!

* overcrowded situations, movement of pts before dx,

breakdowns in application of IPC measures

g&; World Health
&% Organization
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MERS-CoV / IPC

Infection prevention and control during health care for
probable or confirmed cases of Middle East respiratory

syndrome coronavirus (MERS-CoV) infection

Interim guidance
Updated 4 June 2015 @\@ World Health

WHOIMERS/IPC/15.1 Y Organization
Background transmission. Health-care institutions are advised to consider
reinforcing a service for the oversight of HCWs’ health to
WHO has updated the interim guidance that was published ensure a safe environment for patients and HCWs. It is
on 6 May 2013 to meet the urgent need for up-to-date crucial that HCWs are provided with the best locally
information and evidence-based recommendations for the available protection for caring for MERS-CoV-infected
safe care of patients with probable or confirmed Middle East patients and are followed up if exposure has occurred.

respiratory syndrome coronavirus (MERS-CoV) infection.
The interim recommendations are informed by evidence-
based guidelines WHO has published, including the o Principles of IPC strategies associated with health care
Infection prevention and control of epidemic- and o IPC precautions:

This guidance summarizes:

ic-prone acute respiratory infections in health care.

WHO Guidelines' and review of current evidence on MERS-

CoV infection. The recommendations have been reviewed

- for providing care to all patients
- for providing care to ARI patients. and

for providing care to patients wi
by experts in infection prevention and control (IPC) and confirmed MERS-CoV infectior V& Y World Health
other technical areas (see Acknowledgements for names and W Ofgamzauon

81

MERS - CoV / Infection control
2016

Infection prevention & Control critical to prevent
Transmission in HC facilities!!!

Not possible to identify pts early

— Early symptoms non specific

HCW should apply standard precautions w all
Droplet precautions w all URI

Contact & eye protection w any care of cases of
probable or confirmed infection

. . ¢ y World Health
Airborne w aerosol generating procedures V&!b Y Organization
82
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MERS-CoV / WHO 2016, HCW

MERS-CoV  #

3, World Health
“%.# Organization

83

MERS-CoV / WHO 2016, HCW

Use a medical mask
if you are close toa patient with
ycute respiratory symptoms

3, World Health
“%.# Organization
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MERS-CoV / WHO 2016, HCW

Wear your full PPE

7Y
&
() ¢

long sleeved gown,

gloves

eye protection

N95 mask

S

& World Health
%2 Organization

85

MERS-CoV / WHO 2016, HCW

Wash your hands

(personal protective equipment)

& World Health
%2 Organization

86
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MERS-CoV /2016
donning/doffing, S Korea

‘ Anteroom - isolation room ar |
==l
1. Hand hygiene l 1 l Bathroom
t
2. PPE donning 3. Patientcare _,
4. Glovelgown -
Corridor el -
5. Mask removal
& Hand hygiene
Rear room
5. Mask removal
& Hand hygiene
Anteroom - isolation room - rear room arrangement 4. ﬂ;‘f"‘fa‘l"’“
LHandihvoiene l 1 l Bathroom
> [N]
2. PPE donning 3.Patientcare | — 11
| |
Corridor -

Infect Chemother 2015;47(4):278-302

87

Viral Shedding and Environmental Cleaning in Middle
East Respiratory Syncrome Coronavirus Infection

Joon Young Song"*’, Hee Jin Cheong"?, Min Joo Choi', Ji Ho Jeon’, Seong Hee Kang,

Eunju Jeong1, Jin Gu Y00n1, Saem Na Lee’, Sung Ran Kima, Ji Yun Noh“, and Woo Joo Kim"?

"Division of Infectious Diseases, Department of Internal Medicine, 2Asian Pacific Influenza Institute (APII), Korea University College of
Medicine; *Infection Control Unit, Korea University Guro Hospital, Seoul, Korea

Viral shedding lasted 31 and 19 days from symptom onset in two patients with east respiratory syndrome coronavirus (MERS-CoV)
pneumonia, respectively. Environmental real-time RT-PCR was weakly positive for bed guardrail and monitors. Even after cleaning the
monitors with 70% alcohol-based disinfectant, RT-PCR was still weakly positive, and converted to negative only after wiping with di-
luted socium chlorite. Further studies are required to clarify the appropriate methods to clean environments during and after treatment
of patients with MERS-CoV infection.

Key Words: Virus shedding; Middle East Respiratory Syndrome; Coronavirus

Infect Chemother 2015;47(4):252-255
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MERS-CoV/Infection prevention 2016

* People w underlying disease are high risk

— DM, Renal failure, chronic lung dz,
immunocompromised

— Avoid contact w animals particularly camels
* In areas w potential virus circulation

* General hygiene measures
* Regular hand washing, avoid contact w sick animals
* Food hygiene practices
— Avoid --> raw camel milk/urine, not properly cooked meat
@)

89

MERS-CoV WHO 2016, lay people

Consulta

health worker

if you have fever
(38 °C or higher),
cough or difficulty
breathing

Inform them

of your

recent travel history

Avoid close contact
with people
if you are sick

Wash your hands
regularly with soap
and water and
maintain good
personal hygiene

Cover your mouth
and nose with
atissue or

your sleeve

when coughing
or sneezing

2% World Health

" '1";' Organization

— 90
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MERS-CoV WHO 2016
close contacts, S Korea

Table 5. Risk assessment and recommendations for asymptomatic MERS contacts

Disease status of the infection source

Risk classification N o = r—

p SlAUE A p VUL with p
High-risk close contact Quarantine Quarantine Quarantine
Intermediate-risk close contact Contact surveillance Quarantine Quarantine
Casual contact No intervention Contact surveillance Contact surveillance

High-risk close contact: contact during an aerosol-generating procedure (e.g. nebulizer, infubation, endotracheal suction, bronchoscopy, etc.). Intermediate-risk close
contact: contact within 2 m distance of a laboratory-confirmed MERS patient or a stay at the same ward/floor of a hospital exposed to laboratory-confirmed MERS
patients. Casual contact: brief contact with >2 m distance from a laboratory-confirmed MERS patients.

MERS, Middle East Respiratory Syndrome.

Table 6. Control of visitors to Middle East countries or healthcare facilities affected by MERS outbreaks® depending on symptom manifestations

Fever Respiratory symptoms Assessment Intervention plan

+ + MERS-suspected PCR test, hospitalization

+ - Medical surveillance  PCR test, discharge and self-quarantine for 14 days from the last exposure”
- + Medical surveillance

No abnormalities

PCR test, discharge and self-quarantine for 14 days from the last exposure”
No interventions

MERS, Middle East Respiratory Syndrome; PCR, polymerase chain reaction.

°A healthcare facility with two or more cases of laboratory-confirmed MERS-CoV infection is regarded as being affected by MERS outbreak
“In the presence of pneumonia, the patient is classified as a patient with suspected MERS-CoV infection and placed under inpatient quarantine care.

Infect Chemother 2015;47(4):278-302 91

Journal of Infectious Diseases

Advance Access published April 15, 2014

MAJOR ARTICLE

Prevalence of MERS-CoV Nasal Carriage and
Compliance With the Saudi Health
Recommendations Among Pilgrims Attending

the 2013 Hajj

Ziad A. Memish,'? Abdullah Assiri,' Malak Almasri,' Rafat F. Alhakeem,' Abdulhafeez Turkestani,®
Abdullah A. Al Rabeeah,' Jaffar A. Al-Tawfiq,*® Abdullah Alzahrani,' Essam Azhar,® Hatem Q. Makhdoom,”

Waleed H. Hajomar,® Ali M. Al-Shangiti,’ and Saber Yezli'
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P NP D

9.

. Afghanistan (2.3%) %
. Australia (0.9%)
. Bahrain (1.5%)

Bangladesh (2.8%)

. Canada (0.1%)
. China (2.9%)
. Djibouti (1.8%)
. Egypt (4.3%)

Ethiopia (1.5%)

10. India (17.1%)

. Indonesia (12.9%)

12. Jordan (1.9%)
13. Kuwait (44%)
14. Malaysia (9.3%)
15. Nigeria (68%)
16. Pakistan (11.9%)
17. Sudan (0.6%)
18. Tunisia (3.7%)
19. Turkey (10.7%)
20. UK (2.1%)

21,

. USA (03%)

22. Yemen (0.2%)

12, 18 and 20: countries with MERS-CoV cases notified to the WHO
3, 8, 13 and 22: countries with close geographic proximity to KSA
4,10, 11, and 14: countries with frequent population movement to and from KSA

93
f»ﬂi’é%'&‘ﬁs DISEASES'
Volume 20, Number 4—April 2014
Lack of MERS Coronavirus but Prevalence of Influenza Virus in
French Pilgrims after 2013 Hajj
Philippe Gautret [ , Rémi Charrel, Samir Benkouiten, Khadidja Belh hat, Antoi irede,
Tassadit Drali, Nicolas Salez, Ziad A. Memish, Malak al Masri, Jean-Christophe Lagier, Matthieu
Million, Didier Raoult, Philippe Brouqui, and Philippe Parola
60 -
50 - M Fever
m Cough
40 Sore throat
g W Influenza-like illness
2
=
2
L JL JL J
T T 1
Mecca Mina Medina
Figure. . Onset of respiratory symptoms by week, reported by 129 Hajj pilgrims from France during 94

their stay in Saudi Arabia, October 2013.
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MERS - CoV / Travellers

Are you travelling to the Middle East?
—_— Protect yourself from respiratory infections caused
by the new corona virus (MERS-CoV)
Take personl hygiene meastres,such as

urhands with Cover your mouth and nose Avoidhand shaking o
watr f 030 witha issue while oughing touching your mouth nose
ater are ot or sneezing and eyes withyour hands

sand sanzer

y farm, domestic, . especially
1fyou develop any respiratory symptoms.
P Seek medical ttntion immediately

Posipone your reurn trip unil you have fuly recovered

I Avoid contact with patients with respiratory symptoms.

After returning from the Middle East
If within 14 days you develop:
fever 38°C (100.40°F) or more and
respiratory symptoms. >
(cough, shortness of breath. etc)

ion immedis doctor about your recent trp.
or contact KEELPNO (tel: 210-5212000, 210-5212054)

Ta&13eleTe Npog XwpeG Thg Méang AvatoAiic;

0 Va pOGTaTEUTEtE Gn6 QVanVEVOTIKA AOUWEN oG Tov KOOGS
(MERS-CoV)

Tuoveros

AUGp Tipnon T GTopKGY BETpY e, BrAGBH:

sepin K8hupi 00 aT6poros KoL e

ookt mo
e vepo Kot o WG pe 09GO KT enogrc v xepiov e o
entn o xEpiGy s  idpreia ou B Kot Tou ay0. T Kot T
acohado Bekga arepviaroc
pirad)
Anoguyi enagri pe 00 (6nag ot Kaphed)

B

Me1d v entotpopr aag
and xwpeg g Méang Avatohig
AV eVI6C 14 npepay ekBRAGOETE: >

nupes 38°C
oupmGaTa ané To avanveuokS
(Brixag, 0

o5, BUonvoa K.a)

AneuBUVBEIe GECa OToV LaTHO 0, EVERGOTE ToV Yid 10 1pdaaTto TaE(BL 0ac, f
enukowvriote pe o KEEATINO ot théspva: 210-5212000 ket 210-521205
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RAPID COMMUNICATIONS

A case of imported Middle East Respiratory Syndrome

coronavirus infection and public health response,

Greece, April 2014

S Tsiodras (sotirios.tsiodras@gmail.com)*2, A Baka*, A Mentis3, D Iliopoulos?, X Dedoukou?, G Papamavrou?, S Karadima?, M
Emmanouil?, A Kossyvakis?, N Spanakis¢, A Pavli*, H Maltezou?, A Karageorgou®, G Spala*, V Pitiriga*, E Kosmas®, S Tsiagklis®,
S Gkatzias®, N G Koulouris’, A Koutsoukou?, P Bakakos’, E Markozanhs’, G Dionellis’, K Pontikis®, N Rovina®, M Kyriakopoulou®,

P Efstathious, T Papadimitriou?, ] Kremastinou®, A Tsakris®, G Saroglou*®
. Hellenic Center for Disease Control and Prevention, Athens, Greece

University of Athens Medical School, Athens Greece
Hellenic Pasteur Institute, Athens, Greece

National Health Operations Center, Athens, Greece
. Metropolitan Hospital Athens Greece

ON OWVIB W N P

Citation style for this article:

Microbiology Department, University of Athens Medical School, Athens, Greece

First Department of Respiratory Medicine, University of Athens Medical School, Athens, Greece
. Intensive Care Medicine first Department of Respiratory Medicine, University of Athens Medical School, Athens Greece

Tsiodras S, Baka A, Mentis A, Iliopoulos D, Dedoukou X, Papamavrou G, Karadima S, Emmanouil M, Kossyvakis A, Spanakis N, PavliA, Maltezou H, Karageorgou A,
Spala G, Pitiriga V, Kosmas E, Tsiagklis S, Gkatzias S, Koulouris NG, Koutsoukou A, Bakakos P, Markozanhs E, Dionellis G, Pontikis K, Rovina N, Kyriakopoulou M,
Efstathiou P, Papadimitriou T, Kremastinou J, Tsakris A, Saroglou G.A case of imported Middle East Respiratory Syndrome coronavirus infection and public health
response, Greece, April 2014. Euro Surveill. 2014;19(16):pii=20782. Available online: http://www.eurosurveillance.org/ViewArticle.aspx?Articleld=20782
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FIGURE

Timeline of possible exposure and clinical course of Middle East Respiratory Syndrome coronavirus infection case, Greece
March-April 2014

Contactwith Symptoms persist, visits ER, ciprofloxacin
N rehabilitation prescribed for typhoid; diagnosis based N
g'"k National facility for PT :pnuﬁset Spouse Ihndex m: on positive serology EESP',HM
2 sessions forwife | | "3° frS admitted to a5 onse (Widal test - H antigen test titer of 1:160) unction
Patient symptoms the hospital of fever worsenes
reports presence - feverand with fever and
ofl sweral people Restaurant diarrhoea diarrhoea -
with respiratory i Pat diagnosed Spouse Fever Travels to MERS-CoV Patient
| dinner - Patient N . H N -
illness and cough reports with typhoid. discharged persists, Greece; visits confirmed; intubated
presence of No MERS-CoV from onset of local hospital; negative testing fo and
several people testing hos_pital- dfa_rrhoea, _fevgv: bilateral inﬂyenza, ventilated
with respiratory dunr‘|g stay VISI(S‘ER at inflitrates noted legionella,
illness and continuous hospital in on chest X-ray, pneumococcus;
Indirect cough contact with Jeddah HCDCP notified worsening
contact husband respiratory
with bats infection, intense
cough noted

March 2014 April 2014
0—0 O—0

0—0—0-()0 (5 o)
Case, asymptomatic, Case, asymptomatic, in Case, with symptoms, Casein
in‘ regular contact regular contact with repeated contact with hospital in
with healthcare hospital in Jeddah hospital in Jeddah Athens

environment in
Jeddah
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MERS-CoV in other countries

Since 2012, 26 countries have been affected!. The majority of cases [ ——— —— soum soxen
(approximately 75%) have been reported from Saudi Arabia.

UNITED
KINGDOM
4

[souTh KoREA]
| unrrep sTares ez
2 imported L

ALGERIA\ \
2
\\
S~ .

—
—~—

MERS cases by reporting country

Type Number of cases Place of exposure
®Imported ¢ 1 ——Jordan
@ Lecal + 10 Oman
[T ~——Qatar
——Saudi Arabia

—South Korea

——United Arab Emirates

- Bahrain to Qatar
ECDC. Numbers in the map indicate the total number of local and imported MERS cases. Map produced on: 13 Oct 2015
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MERS-CoV in other countries
the Jordan example

Figure 3. ber of llers on ial air carriers (excluding unscheduled charters), by EU/EEA country,
to and from Jordan, October—December 2014.

Travellers to Jordan, Oct-Dec 2014
Total: 89607
"

1 \

QO 1000

y N\
B b
10000 5 ) ° o
Travellers from Jordan, Oct-Dec 2014

' O
Total: 95128

1
® 1000 °

.
0 @ ..
10000 z \
o
o v

EU/EEA Members

EU/EEA members = §
Other countries . o N
(! R Y
_ -0 Q.
[, .

251 280 entries, 255,271 exits 3 » * .
In 6 months 95128 to EU/EEA countries

N of border crossings from Arab countries 1,400,000

1,250,000 Jordanian passports 99

A, M3

2"d case in Thailand in 7 months

14/2/2016 World Health Organization, Thailand confirms MERS CoV in traveler, WHO cautions against continued risk of importation

() World Health

&% Organization
Regional Office for South-East Asia

Thailand confirms MERS CoV in traveler, WHO cautions against
continued risk of importation

SEAR/PR/1618

New Delhi, 24 January 2016: Thailand today confirmed Middle East respiratory syndrome coronavirus (MERS
CoV) disease in a traveler, the second such case in the country in the last seven months, as WHO cautioned other
member states in its South-East Asia Region against the continuing risks and the need to remain vigilant.

“The new case of MERS CoV is a reminder of the continued risk of importation of the disease from countries where
it still persists. All countries need to further enhance surveillance for severe acute respiratory infections, focus on

100
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MERS - CoV / Vaccine ?
Experimental vaccine for MERS developed N OV AV AX

‘-‘"2 o | Contact: John Herrmann
> : ‘ Vice President, General Counsel
- A\
|

y
Novavax, Inc
240-268-2000

- e Novavax Produces MERS-CoV Vaccine Candidate

Vaccine
accine

Purified coronavirus spike protein nanoparticles induce coronavirus

neutralizing antibodies in mice

»
(‘i
[

MERS - CoV Transgenic mouse

‘ ‘ » constitutive global
0wy expression of hCD26/DPP4

* functional receptor

»lung and brain prime sites

&; for viral replication

Agrawal AS et al J Virol. 2015
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MERS - CoV / Stress in HCW

CM&R Rapid Release. Published online ahead of print February 4, 2016 as doi:10.3121/cmr.2016.1303

Original Research

Healthcare Workers Emotions, Perceived
Stressors and Coping Strategies During
MERS-CoV Outbreak

Imran Khalid, MD, FCCP; Tabindeh | Khalid, MD; Mohammed R Qabajah, RN; Aletta G Barnard, RN; and
Ismael A Qushmaq, MD

Khalid et al. 2016

103

MERS - CoV / Stress in HCW

Table 4. Factors that helped in reducing stress during MERS-CoV outbreak (Total n=117, Maximum Score 3)

Number Factors that helped to reduce stress Mean (SD)
1 Positive attitude from colleagues in your department 2.34 (0.74)
2 None of the staff getting MERS after starting strict protective measures 2.34 (0.82)
3 Improvement in patient’s condition 2.30 (0.91)
4 Your colleagues who were infected getting better 2.28 (0.78)
5 Protective equipment provided to you by Hospital 2.10 (0.86)
6 Clear guidelines from Hospital for infection prevention 2.07 (1.01)
7 Your family members or friends outside hospital did not get MERS-CoV 1.97 (1.15)
8 Decrease in MERS-CoV cases reported in news 1.94 (0.99)
Likelihood that you would get extra compensation for your exposure to
9 MERS-CoV 1.90 (1.18)
10 All healthcare professionals working together on front line 1.60 (1.05)
11 Confidence in the hospital staff in case you got sick from MERS-CoV 1.58 (1.12)
12 Not to do overtime 1.52 (1.08)
13 Sharing jokes or humor among colleagues 1.43 (1.04)
14 Getting free meals from the hospital in your unit 1.19 (1.16)
0= Not At All effective; 1= Mildly Effective; 2= Moderately Effective; 3= Extremely Effective in Reducing Stress 104
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MERS - CoV / Stress in HCW

Table 6. Motivational factors to encourage continuation of work in future outbreaks (Total n=117,
Maximum Score=3)

Importance factor

Number  Motivational factors for future outbreaks Mean (SD)
1 Similar adequate personal protective equipment supply by the Hospital 2.88 (0.41)
2 Available cure or vaccine for the disease 2.85 (0.35)
3 Family support 2.71 (0.64)
4 Compensation to family if disease related death at work 2.74 (0.71)
5 Financial recognition of efforts 2.68 (0.76)
6 Disability benefits if disabled from the disease 2.64 (0.75)
7 Recognition from management and supervisors for the extra efforts 2.55(0.77)
8 r;sdy::eia;irt;::Lp‘)nzn:nt;:tr;py made available in work place to help 227 (0.99)
9 Not forced to do overtime 1.72 (1.16)
10 Reduced working hours during outbreaks 1.67 (1.22)

0=Not important at all; 3=Most important
Khalid et al. 2016 1 ()5

MERS - CoV
Risk assessment

B

SRS

RAPID RISK ASSESSME!

Severe respiratory
with Middle East respiratory

106
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MERS - CoV Risk assessment

* Majority of cases still from Middle East

* The source of the virus remains unknown, but the
pattern of transmission and virological studies point
towards dromedary camels in the Middle East as
being a reservoir from which humans sporadically
become infected through zoonotic transmission.

* Human-to-human transmission is amplified among

household contacts and in healthcare settings. o

MERS - CoV
Risk assessment

* Transmission in hospital settings is still one of

the main sources of infection
» Sporadic importation can be expected

 Risk of nosocomial spread in other countries!!!

108
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MERS - CoV
Risk assessment

e Efforts to contain the nosocomial clusters in
the affected countries are vital to prevent
wider transmission.

* However, w appropriate IPC

— sustained human-to-human community
transmission is unlikely

109

MERS - CoV
Risk assessment

Need 11 awareness among HCW and
appropriate IPC activities

No travel restrictions

Advice for travelers especially high risk ones &
HCWs 1

Risk of wide spread transmission remains low

110
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HOSPITAL LOCKDOWN!!!

:'&C Ministry of Health Portal

» MOH Portal » The Ministry » Media Center P Ministry News
Ministry News

MOH Closes a Private Hospital for non-Compl with Infection Control Guideli

» Ministry News
23 February 2015

The Mi of Health (MOH), represented by the Command

» Announcements

and Control Center (CCC) of Riyadh Health Affairs Ge

Directorate, close: rivats tal in Riyadh after failing to
» Announcements on Private ectorate, closed a private hospital Riyadh after failing t
Sector Performance

infection control guidelines issued by the CCC to

prevent the spr £ infectious diseases.
» Events and Activities OSSN, SR SN0 CL AT o

The Director General of Riyadh Health Affairs, Dr. Adnan Al-

» MOH Publications
Abdulkarim, said, “This nonstop step comes under direct
supervision of His Excellency the Minister of Health Mr. Ahmad bin Ageel Al-Khateeb, and in coordination with the
» Health Conferences and
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fection and Public Health (2016) 9, 1-2

http://www.elsevier.com/locate/jiph

EDITORIAL

MERS CoV: A trigger for healthcare @ o
transformation CrossMark

!
The most rect B B G I of urgent care,
prestigious tertii e 6 6 b-depth analysis

established Infe ints was ongoing
hospital is locategmntne capital orSauaArabias because the reopenng ortnenospital was immi-
The outbreak was associated with 82 confirmed  nent. There was a clear sense of urgency while the
MERS CoV cases, and more than 5000 health- leadership addressed these issues. The culture of
care workers (HCWs) were screened for the virus. the organization was tested by this virus outbreak.
The hospital followed a written Infectious Disease An exposed patient that became symptomatic on
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MERS-COV: Implications for Healthcare Facilities
Prof. Sotirios Tsiodras, University of Athens, Greece
A Webber Training Teleclass

March 10 (Free Teleclass)

BARRIERS TO TB INFECTION CONTROL IN DEVELOPING COUNTRIES
Eltony Mugomeri Mtech, National University of Lesotho

March 16 (Free WHO Teleclass ... Europe)
THE GLOBAL MYCOBACTERIUM CHIMAERA OUTBREAK IN CARDIAC
SURGERY
Dr. Hugo Sax, University of Zurich Hospitals
Sponsored by the World Health Organization

March 17 (Free Teleclass)
INFECTION PREVENTION AND CONTROL WITH ACCREDITATION
CANADA QMENTUM PROGRAM
Chingiz Amirov, Canadian Journal of Infection Control
Sponsored by GOJO

March 31 SUCCESSFUL IMPLEMENTATION OF CATHETER-ASSOCIATED URINARY
TRACT INFECTION BUNDLES: LESSONS LEARNED

www.webbertraining.com/chedulepl.php

TELECLASS
22 EDUCATION
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MERS-COV: Implications for Healthcare Facilities
Prof. Sotirios Tsiodras, University of Athens, Greece
A Webber Training Teleclass

Thanks to Teleclass Education
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. Organization
Sealed Alr) 4 X'M Infection

Prevention

and Control
Global Unit

www.sealedair.com www.virox.com www.who.int/gpsc/en
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