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First reported case of infection by a new coronavirus
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Date: Sat 15 Sep 2012
From: Ali Moharmed Zaki <azakis3@hotmail.com:= [edited]

A new human coronavirus was isolated from a patient with pneurmonia by Dr Al Mohamed Zaki at the Virology Laboratory of Dr Soliman Fakeeh Hospital Jeddah Saudi Arabia.

The wirus was isolated from sputum of a male patient aged 60 years old presenting with pneumonia associated with acute renal failure, The virus grows readily on vero cells and LLC-MK?2 cells producing CPE in the
form of rounding and syncetia formation.

[The clinical isolate] was initially tested for influenza wirus A&, influenza virus B, parainfluenza virus, enterovirus and adenovirus, with negative results, Testing with a pancoronavirus RET-PCR yielded a band at a
molecular weight appropriate for a coronavirus, The virus RMA was tested also in Dr Ron Fouchier's laboratory in the Netherlands and was confirmed to be a new member of the beta group of corononaviruses, closely
related to bat coronaviruses. Further analysis is being carried out in the Metherlands.

The wirology Laboratory at the Dr Fakeeh Hospital will be happy to collaborate with others in studies of this virus,

Ali Mohamed Zaki

Professor of Microhiology

Dr Fakeeh hospital Jeddah Saudi Arabia
<azakiS3@hotmail.com=

[ProMED-mail welcomes the opportunity to communicate Dr Ali Mohamed Zaki's invitation,
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Countries affected by the MERS-CoV since April 2012

B Local infections
[ Imported cases

France
UK 1
2 1%
2% Tunisia

Qatar
4%

Jordan
3
2%

KSA

101

Updated 08.09.13 81%
n=124 cases

. Qahl;ar ubai
”" & United Arab
Emirates

http://upload.wikimedia.org/wikipedia/commons/1/1¢/BlankMap-World8.svgz
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Italy

Geographic epicentre of MERS cases
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&’ Cluster sizes are
shown in bold white
text.

#’Blue background if
their location could be
established within the
country of origin and a
red background
otherwise.

¢’ Each arrow
corresponds to travel
of one patient with
Middle East respiratory
syndrome coronavirus
infection outside the
Middle East, where
they caused
secondary cases

Interhuman transmissibility of Middle East respiratory syndrome coronavirus: estimation of
pandemic risk - Romulus Breban, Julien Riou, Arnaud Fontanet, The Lancet, 2013

[)
Institut Pasteur



Time line of MERS cases

Number of confirmed cases: 130 (in 9 countries)
Nombre of deaths: 58
(24/09/2013)

Virus characterised

1st case, fatal CoV-EMC CLUSTER
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Timeline of epidemiological features of two cases of Middle East Respiratory Syndrome

Coronavirus (MERS-CoV) infection and exposure and follow-up period of their contacts
(n=162), France, April-May 2013

Case 2's contacts Case 2's contacts
exposure period fallow - up period

B
Index case's contacts Index case's contacts

Index case's
follow - up period

travel to UAE exposure period

« —— > Date, 2013
Case 2's exposure
to the index case

Mailles A, Blanckaert K, Chaud P, van der Werf S, Lina B, Caro V, Campese C, Guéry B, Prouvost H, Lemaire X, Paty MC, Haeghebaert S,
Antoine D, Ettahar N, Noel H, Behillil S, Hendricx S, Manuguerra JC, Enouf V, La Ruche G, Semaille C, Coignard B, Lévy-Bruhl D, Weber F,
Saura C, Che D, The investigation team. First cases of Middle East Respiratory Syndrome Coronavirus (MERS-CoV) infections in France,
investigations and implications for the prevention of human-to-human transmission, France, May 2013. Euro Surveill. 2013;18(24):pii=20502.
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Monitoring of suspected cases of infection by the

MERS-CoV In France (source InVS)

TOTAL TOTAL TOTAL
Nombre de Nombre de
Nombre de cas cas En cours Nombre de  Nombre de Nombre de cas Nombre de cas analysés
Date point Invs signalements analysés négatifs d'analyse cas positifs déces analysés CIBU Dates d'analyse CIBU CNR (s) et autres*
0 0 1 06/11/2012
14/12/2012 6 6 6 0 0 0 1
20/02/2013 0 0 0 1
13/05/2013 3 0 2 1 4 11 et 12/05/2013
17/05/2013 83 0 2 1 6 17/05/2013
28/05/2013 134 0 2 1 13 18,19,23,25,26/05/2013
05/06/2013 155 42 40 0 2 1 14 1 et 2/06/2013 28
11/06/2013 173 49 47 0 2 1 16 08/06/2013 33
19/06/2013 194 51 48 1 2 1 16 36
25/06/2013 205 56 51 & 2 1 17 22/06/2013 39
02/07/2013 215 57 55 0 2 1 17 40
09/07/2013 221 58 56 0 2 1 17 41
16/07/2013 228 59 57 0 2 1 17 42
23/07/2013 232 59 57 0 2 1 17 42
30/07/2013 237 59 57 0 2 1 17 42
06/08/2013 237 59 57 0 2 1 18 10/08/2013 41
13/08/2013 243 61 59 0 2 1 19 16/08/2013 42
20/08/2013 253 64 61 0 2 1 19 45
27/08/2013 260 64 62 0 2 1 19 45
03/09/2013 267 68 66 0 2 1 19 49
10/09/2013 271 70 68 0 2 1 19 51
17/09/2013 278 72 70 0 2 1 19 53
24/09/2013 280 73 70 1 2 1 19 54
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Comparison of epidemiological and clinical features

of SARS-CoV with MERS infection

Comparison of epidemiological and clinical features of SARS-CoV with MERS-CoV infection

Household attack rate

Canada, Toronto: 10,235 (6.7-23.5%%)

Wiet Mam: 4.2%, 95% 1 1.5-7

China, Hong Kong: 8% (11% early - 5% late)
China, Hong Kong: 7.2%

11% (4/36) 59
(1/20)

Duration of
infectiousnass

- Mot infectious before onset of symptoms

- Transmission greater later during severe
iliness

- Viral shedding increases to day 9-12 of
iliness

- No case with
evidence of
transmissicn befare
onsat of symptoms in
index case

- Maost transmission on
day 1-5 of illness in
index case

SARS-CoV MERS-CoV
China Canada China China [Singaporg KSA Else-
{Hong (Toromnto) (Beijing) | (Tamwan) where®
Kong)
Median age (years) NR 45 35 45 21 58
Percentage male 44% 355 563 485 32% T4%
Percentage with co- 20% 28% 432 305 NR 95% -
morbidity
Percentage with 11% NR 52% -
diabetas mellitus
Symptoms at
presentation 100% 959%: 100% 100%: 83% -
Fewer 57% 65%: 43% 39% 8% -
Caugh - 42%: - 13% 42% -
Shortness of breath 20% 23% 7% 7% 22% -
Diarrhoea 20% 15%: 15% 11% 17% -
Mausea/vomiting - 32% -
Gastrointestinal
symptoms
Chest X-ray at
presentation 9%
Mormal 61%
Unilateral infiltrate 30%
Bilateral/multifocal
infiltrate
Percentage of cases 23% T 16% 18% 42% 6.7% 5%
occurring in healthcare
workers
Percentage of cases 6.8% 2% 6.3% 7.7% 50% 7%
that are healthcare-
acquirad in hospital
patients
Case fatality rate
Cverall 17% 6.5% 3.3% 28% 12% 60% 40%
In 51-60 year olds 18% - 12% 42% - -
In 60+ year olds 55% - 25% 405 - -
In persons with co- 45% - 14% 405 - -
morbidity -
In patients with 53% - 0 F05% - -
healthcare
-acquired disease
Incubation pericd 4.5 days [95%: with onsat by 12.9 days) 5.2 days MNA
{12 4 days)
Serial intzrval 8.4 days 7.6 days MNA
Mean number of 7 (Singapore) 15 1.0(8/8)
secondary 2.2-3.6 (modelled) (outbreak)
symptomatic cases per 0.4(3/9)
index case befaore {sporadic)
control measuras

Source:

WHO/KSA joint mission in Saudi Arabia report, June 2013
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Epidemiological features: is MERS epidemic as yet?

¢ R, for MERS
- 0-60 (95% CI 0-42—-0-80) for scenario 1
- 0-69 (0-50-0-92) for scenario 2.

&R, of for prepandemic SARS
- 0-80 (0-54-1-13)

Interhuman transmissibility of Middle East respiratory syndrome coronavirus: estimation of pandemic risk Romulus
Breban, Julien Riou, Arnaud Fontanet, The Lancet, 2013 )
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Coronavirinae unrooted phylogeny depicting the 4 genera formally named Alpha-,
Beta- (from a to ¢), Gamma-, and Deltacoronavirus (previously respectively

referred as group 1, 2, 3).

Nidovirales

Family: Coronaviridae
Alphacoronavirus,
Betacoronavirus,
Gammacoronavirus,
Deltacoronavirus,
Genome: (+)ssRNA, ~30kb (20-33kb)
Genes: 1a, 1b, S, E, M, N, Assrtd
ORFs

Genera:

Murine Hepatitis Virus (MHV)

Spike glycoprotein
trimer (S)

Nucleoprotein {(N)
and RNA genome

Membrane protein
(M)

Hemagglutinin-esterase
dimer (HE)

Adapted from J.FEW Chan et al., Journal of infection 2012.
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Molecular diagnostic of MERS-CoV

RT-PCR target regions for screening, confirmation and sequencing of novel human coronavirus (hCoV-EMC)

Orfia Orfiab S EMN

L ) <mgm g e mpm)p <=
11,197-11,280 15,049-15,290 18,266-18,347 27,458-27,550 29,549-29,860
1A RdRpSeq ORF1b upE NSeg

N: nucleocapsid; Orf: open reading frame; RdRp: RNA-dependent RNA polymerase; RT-PCR: reverse transcription-polymerase chain reaction.

The figure shows the relative positions of amplicon targets presented in this study, as well as in [2]. Primers are represented by arrows,
probes as blue bars. Numbers below amplicon symbols are genome positions according to the hCoV-EMC/2012 prototype genome presented
in[1].

The 1A assay is the confirmatory real-time RT-PCR test presented in this study (target in the ORF1ia gene). The RdRpSeq assay is a hemi-nested
sequencing amplicon presented in this study (target in the RdRp gene). The ORF1b assay is a confirmatory real-time RT-PCR presented in
[2]. The upE assay is a real-time RT-PCR assay recommended for first-line screening as presented in [2] (target upstrem of £ gene). The NSeq
assay is a hemi-nested sequencing amplicon presented in this study (target in N gene).

Corman VM, Miller MA, Costabel U, Timm J, Binger T, Meyer B, Kreher P, Lattwein E, Eschbach-Bludau M, Nitsche A,
Bleicker T, Landt O, Schweiger B, Drexler JF, Osterhaus AD, Haagmans BL, Dittmer U, Bonin F, Wolff T, Drosten C. 3
Assays for laboratory confirmation of novel human coronavirus (hCoV-EMC) infections. Euro Surveill. |
2012;17(49):pii=20334



Testing algorithm for cases under investigation for MERS

CoV Infection

Case under investigation

Alternative routes

upE specific RT-PCR

N

positive negative Laboratory testing for novel coronavirus
l WHO interim recommendations
’ 21 December 2012

ORF 1a RT-PCR assay

A\

*+,| RdRpSeq or NSeq sequencing
positive negative assay
Indic
ovelCoV Other sequence
Confirmed case negative
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Suspected cases received in IP Paris for molecular

diagnosis

¢’ Patient 1 samples (Received / processed in French NIC 7 & 8/05/2013)

Quality controls validated (no inhibition / degradation)

BAL obtained on April 26 (because of sample transportation issues), received on May 7, and was shown to be
positive by RT-PCR for both the upE and Orfla targets with cycle threshold (Ct) values of 22.9 for upE and 24 for
Orfla.

Parallel retesting of the April 30 nasopharyngeal swab resulted in Ct values of 37.2 for upE and 40 for Orfla.
A sputum sample obtained on May 7 was strongly positive (Ct <29) by RT-PCR for both targets.

¢’Patient 2 samples (Received / processed in CIBU 11/05/2013)

upE ORFla ORF1b GAPDH Sigma

T f |
ype of sample 1/5 pure 1/5 pure 1/5 pure 1/5 pure 1/5

pure

Induced sputim
Nasal swab L+R

douteux  douteux ,y.s Neg

ForalQCO @ 1/1000
29,04

w C1: To 104 cOpio C2 Te 123 copies CX T 102 copes CA4: Te 101 copins - C8 T, Nbgett omy
k10 — CT. 120568 pur ~ OE 13588 1S  — O 130569 pur CID 10559 s 15
— C11: 120570 pur CI1Z 130570 8ut1sS ~— D1 TF

67.07 12oSEs P
61,01 A ]
500
g taan
; Qo
2 w00
31074
207
2 ya0n
1307
7.0M
07 .

v" Amplification curves for Orfla target
v' Patient 2 Induced sputum (ct = 23.9)

v' Equivalent to 1.E® copies / mL
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Segencing of the French samples

¢ Sanger sequencing
* Complete major genome to be obtained directly from samples

Patient 1 : from BAL
Patient 2 : from Sputum

* Complete major genome to be obtained from isolates
Patient 1 : from Vero E6 culture

Patient 2 : from Vero E6 culture

¢ High throughput sequencing

* Complete major genome and variants to be obtained directly from samples

Patient 1 : from BAL

Patient 2 : from Sputum

’
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HTS sequencing of sample taken from patient 1

nnnnn

nnnnnn

&2

» Assembly of quality-filtered sequences
» Best-fit mapping of best-matching assembled

contigs on genome (Cov-EMC 2012 — ACC
JX869059)

Dstriufion lngth contigs -~ case §1

[

T —

| /
; o

aaaaaaaaaaaaaaaaaaaaaaaaa

Cov-EMC/2012 (reference genome) Patient 1

Consensus seguence stretches (mapping)

Mapping of quality-filtered sequences on
reference genome (Cov-EMC 2012 — ACC
JX869059)

Generation of consensus sequence (majority
vote)

Mapping of consensus onto reference
99.7564 % ID for matching segments

w1 122 1ENG 2012

Cov-EMC/2012 (reference genome) ﬂ
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Sequence coverage by HTS
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Phylogenetic tree on about 99% of the whole genome

combining Sanger and HTS (patient 1)

— DCOE4ET Bat coronanirus_China_BHCo\iM 332005
EFDEES0E_Bat coronavines HKUM-4_China_Guangdong 2007

' EF065506_Bat_comnavinus HKIU4-2 China_Guangdong_2007
100
EFDESS07_Bat_comonawinus HKIUM-3 China (Guangdong 2007
61

EFDESS0S Bat comonavinus HKIUM-1_China_(Guangdong 2007

EFDES509_Bat comonavines HKLIS-1_China_Guangdong 2007

EFD55510_Bat_coronavius. HKLIS-2_China_Guangdong_ 2007

100
EFD55512_Bat_coronavius HKIIS-S China Guangdong 2007

ET

100

EFDE5511_Bat comonavinug HKLUS-3 China_Guangdong 2007

JXBE058_MERS-Col KSABEMC_Kingdom_of Sacud Arabia 20112-06-13

HWETTE174_MERSCOY Jordan_MN3 Jordan_ 201204 0919

$F192507_MERS-Co\_Munichibou_Dhaki 20130327

Qg

cong MERS-Co\V_FRA1_Parsitbou Dhabi HTS/Sanger 20130507

48
KC164505_MERS-Co\'_Endglandl_UK_Engiand/ Qstar 201209

28

KCBAETO74_MERSCoV_Englandi_UK_Engandtatar 20120912

[)
Institut Pasteur



Transmission and evolution of the Middle East respiratory syndrome

coronavirus in Saudi Arabia: a descriptive genomic study

v/ Combined with the published genomes

K 079
ORF1A B oAbt 15,2013 (EMC/2012 [GenBank number JX869059],
R S3752 ~_| _ ALHasa_19.2013 Jordan-N3 [KC776174], Munich/AbuDhabi
oRF3 079 T Al asa_17_2013 [KF192507], England-Qatar_2012
ORFEE - S _AlHasa_14_2013 [KC667074], Al-Hasa_1 2013 [KF186567],
[ G120 Al-Hasa_2_ 2013 [KF186566], Al-
UPTRE It Hasa_3_2013 [KF186565], Al-
F V_Al-Hasa_1_2013
V25501 0AkHasa_B_2013 Hasa_4_ 2013 [KF186564], and England2-
Qo L Alesa 212013 atHasa HPA [no number available]).
F B_Al-Hasa_12_2013
[ KAlHasa 42013 v The single letter patient codes from Assiri
| I_Al-Hasa_3_2013 d ” 16 . h
F AlHasa_02013 and colleagues16 are given where
087 | L ¥_Al-Hasa_15_2013 appropriate.
ALBET ——— M_Al-Hasa_10_2013
fraen F Al-Hasa_18_2013 v' Clade A, clade B, and the Al-Hasa cluster
PL0555 T XAHHaa2 2013 are marked with vertical bars.
M13701 noooy U-Ei L H_Al-Hasa_7_2013 L |
G1573K A7V England2-HPA . . .
:12?111?4'\; A1986T 1 Buraidal_1_2013 v" Aminoacid changes along the internal
M21K . .
A2730V Q0208 1 |E3q03 | Ryadh-22012 . pranches were established though
T30204 V2056F Hafr-Al-Batin_1_2013 bd likelihood-based ancestral state
He (05096 Bt 420 “®® " reconstruction. These are
! 1 L Riyadh_1_2012 .
) fiyadh_3_2013 v" shown above the branches and colour-
41|_—‘— England-Qatar/2012 coded by ORF.
Q1020H Munich/Abubhabi/2013 L]
L — Jordan 32012 I Clade A v The scale bar below the phylogeny shows
I—EE———— the genetic distance, in substitutions per
0 Q-0005 Q001 0-0015 0002 00025 0.003 0-0035 0004

site, from the arbitrary midpoint root.
Bayesian posterior probabilities for each
clade are given above the relevant node.

Genetic distance (substitutions per site)

MERS-CoV=Middle East respiratory syndrome coronavirus. @,
Matthew Cotten et al, The Lancet 2013 ORF=open reading frame. Institut Pasteur



Transmission and evolution of the Middle East respiratory syndrome

coronavirus in Saudi Arabia: a descriptive genomic study

o

S ° Geographical distribution of genotypes
N ( ' "«”w:» < v' MERS-CoV genotypes (coloured circles
N ' with genome names) are shown near the

site of probable infection (white-filled
circles).

Saudi Arabia

Buraidah © AI—Hufuf?)
Buraidah_1_2013 @

O Riyadh
Riyadh_1_2012

ME™ v The 19 Al-Hasa sequences are shown by a
single blue-filled circle.

Riyadh_3_2013

C Makkah

v' The genetically related genotypes from
distinct locations (Bisha_1 2012,
Riyadh_1 2012 and Riyadh_3 2013,
England_Qatar 2012,
Munich_AbuDhabi_2013) are linked with
blue lines.

[
Matthew Cotten et al, The Lancet 2013 MERS-CoV=Middle East respiratory syndrome coronavirus. Institut Pasteur



Transmission and evolution of the Middle East respiratory syndrome

coronavirus in Saudi Arabia: a descriptive genomic study

Time-resolved

phylogenetic tree
v Based on the concatenated
Abu Dhabi Al-Hasa_2_2013 coding regions of the MERS-
— Al-Hofuf 0-98 CoV genome. Branch colours
—— Bisha Al-Hasa_8_ 2013 show the most probable
— Buraydah 035 geographical location for that
— 5:2?“_83““  oes England2-HPA branch, established with a
discrete traits model
— Makkah . . .
—— Riyadh Riyadh_2_2012 implemented in BEAST version
0-66 1.7.5.20
0-59 Buraidah_1 2013 v Change in branch colour
shows a change in
Hafr-Al-Batin_1_2013 geographical location during its
evolutionary history. Node
Bisha 1 2012 labels show the posterior
0-44 probability for the inferred
. Riyadh_1_2012 geographical location at that
1048 node.
Riyadh_3_2013 v Asterisks show nodes with
0-4 >0-95 posterior probability
KC667074._England-Qatar/2012 support for that clade.
v" The posterior probabilities on
Munich/AbuDhabi/2013 the geographical location of the
root are Al-Hofuf 0-03, Riyadh
0-48, Buraidah 0-04, Bisha
0-18, Abu Dhabi 0-05, Doha
0-13, Hafr-Al-Batin 0-04, and
Makkah 0-04. )

Matthew Cotten et al, The Lancet 2013 MERS-CoV=Middle East respiratory syndrome coronavirus Institut Pasteur
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Estimation of the introduction of MERS-CoV In

humans

®.JXp69059_MERS_CoV_KSA/EMC_Kingdom_of_Saoudi_Arabia_2012_06_13 T

e Fie Shaies Burnin Summary Satstc
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B 7MIST 39seq 1. 2100000 210000 edian 3,57
Bp_7MIST_395eq_1 . 7270000 727000 peometc mean 36279
Bp_7MIST 39seq1._ 20100000 2010000 5K HPD lower L1316
Bp_7MIST 395eq 1.. 37540000 3754000 95% HPD upper 7.4806
Bp_7MLST 30seq 1.. 55380000 5538000 = me ACT) 62345,1734
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Combined 168730000 Z
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& h
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Bayesian phylogeny based on the whole coding sequence



Structural comparison between MERS-CoV RBD

and SARS-CoV RBD

A B
MERS-CoV S1 SARS-CoV S1
e RBD ¢’Domain structures of MERS-CoV
e e — S1 (A) and of SARS-CoV S1 (B).
14 367 484 567607 751 18 306 425 492527 747 .. (C) Structure Of MERS-COV RBD
c D The receptor-binding subdomain is

MERS-CoV RBD SARS-CoV RBD colored in purple and the core
subdomain is colored in cyan.

¢’ (D) Structure of SARS-CoV RBD
(PDB code 2AJF). The receptor-
binding subdomain is coloured in
purple and the core subdomain is
coloured in wheat.

¢’ (E) Schematic illustration of
L F MERS-CoV RBD topology. B strands
are drawn as arrows and a helices
are drawn as cylinders. The
disulfide bonds are drawn as yellow

receptor binding sticks.
subdomain ) . .
I b ¢’ (F) Schematic illustration of
B2 p4 o7 B3 61 @ SARS-CoV RBD topology. B strands
core ‘ 2 & are drawn as arrows and a helices
subdomain .
Y B : are drawn as cylinders. The

€585, ca37 — Ty su . .

sam——! cior| o _LJL'cuﬂ*.cm disulfide bonds are drawn as yellow
— sticks.

Wang, N. et al., 2013. Structure of MERS-CoV spike receptor-binding domain complexed with human receptor DPP4. Cell
Research, 23(8), pp.986—993. )
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Human coronavirus EMC does not require the

SARS-coronavirus receptor
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Mdller MA, et al. 2012.
Human coronavirus EMC does not require
the SARS-coronavirus receptor and
maintains broad replicative capability in
mammalian cell lines.
mBio 3(6):e00515-12.
doi:10.1128/mBi0.00515-12
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Structure of MERS-CoV spike receptor-binding
domain complexed with human receptor DPP4

receptor binding

a/B hydrolase SHhdGa

domain

O

B-propeller
domain

Overall structure of the complex

MERS-CoV subdomain

RBD eight-bladed B-propeller domain (green) and C-
terminal a/B-hydrolase domain (orange).

¢’ DPP4 extracellular domain consists of N-terminal

¢’ MERS-CoV RBD contains a core (cyan) and a
receptor-binding subdomain (purple). The disulfide
bonds are drawn as yellow sticks and the N-linked
glycans are drawn as pink sticks.

Wang, N. et al., 2013. Structure of MERS-CoV spike receptor-binding domain complexed with human receptor DPP4. Cell 3
Research, 23(8), pp.986—993.
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Clinical relevance of disease ecology. Integrative perspective

and « One Health » strategy

A
il A) Transmission and amplification of viral
e b infection in human (outbreak peak in red)
%0 Y after a virus crosses barrier species from
5 ‘ vmors}( {0 i ; wildlife to livestock (in green) that amplifies
ZZ: L V‘ e the capacity for the virus transmission to
£ s § people.
3 40 ' h h
2 ,
2 30 n" Spillover
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. B) Early detection and control efforts reduce
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;_f 50+
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- Clinical relevance of disease ecology. Integrative
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Human Betacoronavirus 2¢c EMC/2012—-related

Viruses in Bats, Ghana and Europe

A BtCoV/8-691/Pip nat/ROU/2009/KC243391
BtCoV/UKR-G17/Pip nat/UKR/2011/KC243392
A BtCoV/8-724/Pip pyg/ROUI2009/KC243390
BtCoV/VM314/Pip pip/NEL/2008/GQ259977
HCoV/EMC/Hom sap/KSA/2012/JX869059
BtCoV/HKUS-2/Pip abr/CHN/2007/DQ249218
BtCoV/HKUS-1/Pip abr/CHN/2007/EF065509
BtCoV/HKU4-1/Tyl pac/CHN/2007/EF065505

BtCoV/133/Tyl pac/CHN/2005/DQ648794
BtCoV/KW2E-F82/Nyc spec/GHA/2011/JX899382
BtCoV/KW2E-F53/Nyc spec/GHA/2011/JX899382
BtCoV/KW2E-F93/Nyc spec/GHA/2011/JX899383
BICoV/348/Hip spec/GHA/2008/F J710043
BtCoV/GhanaKwam20/Hip spec/GHA/2008/FJ710047
BtCoV/Zaria/Hip com/NGR/2008/HQ166910
BtCoV/Rs672/Rhi sin/CHN/2006/F J588686
BtCoV/48-31/Rhi bla/BUL/2008/GU190215
HCoV/SARS/Tor2/Hom sap/CAN/2003/AY274119
BtCoV/KY06/Rou aeg/KEN/2006/HQ728483
1M BtCoV/HKU9-1/Rou les/CHN/2007/EF065513
BtCoV/HKU9-2/Rou les/CHN/2007/EF 065514
{HCUVIHKUIINHUIH $ap/CHN/2004/DQ415914
1 MHV/A59/Mus mus/USA/1949/F J647225
L HCoV/OC43/VR759/Hom sap/UK/1967/AY585228

1 TGEV/Purdue/Sus scrlUSA/1946/DQ811789
_1:[ FCoV/FIPV79-1146/Fel sillUSA/1980/DQ010921

MinkCoV/WD1127/Mus vis/1998/HM245925

0.93 HCOoV/NL63/Hom sap/NED/2003/AY567487
_15 PEDV/CV777/Sus scr/BEL/1977/AF 353511
HCoV/229E/Hom sap/UK/1963/AF 304460

WhaleCoV/SW1/Del leu/lUSA/2006/EU111742

0.05

B 100 HKU4-1 C 100, HKU5-2
HKUS-1
H

92! BtCoV/133/2005 Ua-1
1 1005~ HKUS-2 BtCoV/133/2005
2¢ EMC/2012
HKUS-1 BtCoV/IUKR-G17
| 2c EMC/2012 BtCoV/8-691/ROU
| | KW2E-F93 BtCoV/8-724/ROU
0C43 NC 005147 005

HKU4/HKUS-related
EMC/2012
Former clade 2¢

Unclassified
Hipposiderid CoV

SARS-CoV
Former clade 2b

HKUS-related
Former clade 2d

Betacoronavirus 1-related
Former clade 2a

Alphacoronaviruses
Former clade 1a

Alphacoronaviruses
Former clade 1b

Cote
d'lvoire

Figure 1. Location of bat sampling sites in Ghana
and Europe. The 7 sites in Ghana (A) and the
5 areas in Europe (B) are marked with dots
and numbered from west to east. a, Bouyem
(N7°43'24.899" W1°59'16.501"); b, Forikrom
(N7°35'23.1"W1°52'30.299"); c, Bobiri (N6°41'13.56"
W1°20'38.94"); d, Kwamang (N6°58'0.001" W1°16’
0.001"); e, Shai Hills (N5°55'44.4" E0°4'30"); f,
Akpafu Todzi (N7°15'43.099" E0°29'29.501");

¢ g, Likpe Todome (N7°9'50.198" E0°36'28.501");

h, Province Gelderland, NED (N52°1'46.859"
E6°13'4.908"); i, Eifel area, federal state Rhineland-
Palatinate, GER (N50°20'5.316" E7°14'30.912");
j, Holstein area, federal state Schleswig-Holstein,

L GER (N54°14'51.271" E10°4'3.347"); k, Tulcea

county, ROU (N45°12'0.00" E29°0'0.00"); I, Kiev
region, UKR (N50°27'0.324" E30°31'24.24"). NED,
the Netherlands; GER, Germany; ROU, Romania;
UKR, Ukraine.

¢"RNA-dependent RNA polymerase (RdRp) gene and Spike gene phylogenies including the novel betacoronaviruses from bats in Ghana and
Europe.

A) Bayesian phylogeny of an 816-nt RARp gene sequence fragment corresponding to positions 14781-15596 in severe acute respiratory syndrome
coronavirus (SARS-CoV) strain Frankfurt 1 (GenBank accession no. AY291315).

B) Phylogeny of the complete Spike gene of clade 2c CoVs determined by using the neighbour-joining method with an amino acid percentage
distance substitution model and the complete deletion option in MEGA5 (www.megasoftware.net).

C) Phylogeny of the partial Spike gene of clade 2c CoVs, including the novel CoVs of Pipistrellus bats from Europe, Scale bar represents
percentage nucleotide distance. The analysis comprised 131 nt corresponding to positions 25378-25517 in hCoV-EMC/2012.

. . . . [
Human Betacoronavirus 2c EMC/2012—-related Viruses in Bats, Ghana and Europe, EID 2013 - Augustina Annan et allnstitut .1



Middle East respiratory syndrome coronavirus neutralising serum

antibodies in domestics species: a comparative serological study

Reactivity of livestock sera with three coronavirus S1 antigens
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&’Fluorescent intensities per antigen at a serum dilution of 1/20. Black lines indicate median. Dashed line is cutoff of the
assay. RFU=relative fluorescence units.

SARS-CoV=severe acute respiratory syndrome coronavirus. HCoV=human coronavirus. MERS-CoV=Middle East respiratory
syndrome coronavirus. )

Chantal B E M Reusken et al, The Lancet 2013 Institut Pasteur



Middle East respiratory syndrome coronavirus neutralising serum

antibodies in dromedary camels: a comparative serological study

Numberof Positive MERS-CoV  Titre range PRNT* PRNT+ Microarray (RFU)
serum neutralisation titre
samples (n; %) MERS-CoV  BCoV MERS-CoV HCoVW 0C43
antigen antigen
Spanish samples (no geographic link)
) : Camel
MERS-CaV antigen array signal (RFU)
<10000 1 0 (0%) 1 Megative =1/640 7848 51147
10 000-20 000 3 0 (0%) 2 Negative 1/320 23235 8164
20000-30000 3 0 (0%) 3 Negative 1/160 1273 20064
30000-40000 0 (0%) 4 Negative — >1/640 3725 37972
~40000 12 9(75%) 1/20101/320 5 Negative — »1/640 6493 61046
Human coronavirus OC43 antigen array signal (RFU) 6 Negative 1160 131 63015
<10000 26 1(4%) 7 Negative 1/640 62748 62837
10000-20000 8 3(38%) 8 Negative 1/40 18421 2376
20000-30000 5 2(40%) 9 1/80 1/160 62775 6554
30000-40000 6 3(50%) 10 1/40 1/80 59729 9726
=40000 4 0(0%) 11 1/40 1/160 63433 29333
Omani camel samples (geographic link) 12 1/40 1/640 63377 31207
MERS-CoV antigen array signal (RFU) 13 Megative 1/160 13 806 G483
0-40000 0 0(0%) 14 1/160 1/=640 63438 19775
=40 000 50 50 (100%) 1/320to 1/2560 15 1/160 1/320 63402 12029
Human coronavirus OC43 antigen array signal (RFU) Human
<10000 3 3 (100%) MERS-CoV 1/640 1/80 64353 63437
10000-20000 4 4(100%) HCoV-DC43 (13DPI)  Negative 1/80 2848 =55000
20000-30000 4 4(100%) - HCoW-0C43 (10DPI) Megative 1/<40 2826 =55000
30 000-40 000 5 5 (100%)
40000 34 34 (100%) PRNT=plaque reduction neutralisation test. MERS- CoV=Middle East respiratory

syndrome coronavirus. BCoV=bovine coronavirus. HCoV=human caronavirus.

RFU=relative fluorescence units. MERS-CoV=Middle East respiratory syndrome coronavirus. DPl=days post-infection. RFU=relative fluorescence units. *Titration range 1/40 to
1/1280. tTitration range 1/40 to 1/640.

Table 1: Results of neutralising assay for MERS- CoV from Spanish and Omani camel serum samples

Table 2: Protein microarray and PRNT results from sera from 15 Spanish
dromedary camels and three people

[)
Chantal B E M Reusken et al, The Lancet 2013 Institut Pasteur



Benoit Guery, Fanny Vuotto, Service de Gestion du Risque Infectieux,
Vigilances et Infectiologie, Hopital Huriez, Pavillon Fourrier, Lille, France
Julien Poissy, Daniel Mathieu, Réanimation, Hopital Roger Salengro, Centre
Hospitalier Régional et Universitaire de Lille, Université de Lille 2, France
Loubna el Mansouf, Xavier Lemaire, Service de Maladies Infectieuses,
Centre Hospitalier de Douali, France,

Caroline Séjourné, Reanimation, Centre Hospitalier de Douai, Douai,
France

Nicolas Ettahar, Unité de Maladies Infectieuses, Centre Hospitalier de
Valenciennes, Valenciennes, France

Alexandra Mailles, Didier Che, Institut de veille Sanitaire, Saint-Maurice,
France

Arnaud Fontanet, Conservatoire National des Arts et Métiers, Paris, France
and Institut Pasteur, Emerging Diseases Epidemiology Unit, Paris, France
Anne Goff, Laboratoire de Virologie, Centre de Biologie Pathologie,

Centre Hospitalier Régional et Universitaire de Lille, Université de Lille 2,
France
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INSTITUT PASTEUR, Paris, France

French National Influenza Centre, Unit of Molecular Genetics of RNA Viruses,
Sylvie van der Werf
Sylvie Behillil, Vincent Enouf
Mathilde Benassaya, David Briand, Marie Lazzerini, Clio Socratous

Laboratory for Urgent response to biological threats (CIBU)
Jean-Claude Manuguerra
Ana Burguiere, Chiristophe Batéjat
Frédéric Fichenick, Claudine Rousseaux, Gilberte Coralie
Anne Le Fleche, Fabienne Lomprez, Yolalnde Arnoux
Damien Hoinard, Rachel Lavenir, Christelle Mazuet, Laurent Dacheux, Valérie Caro, Alexandre Leclercq

Plateforme de génotypage et caractérisation des pathogenes

Valérie Caro
Jean-Michel Thiberge, Mathias Vandenbogaert, Laure Liaucourt ...

)
w Institut PQStSr‘

PREDEMICS ==
A ‘-“‘;v ."mw' Y4 @,mﬁ

INSTITUY
DE VEILLE SANITAIRE ),

Institut Pasteur

LabEX IBEID



the MERS-CoV study group:
France: D Caparros (Pneumologie, Clinique Tessier, Valenciennes);
L Vrigneaud, D Labatut, T Quemeneur (Nephrologie, Valenciennes);
A-A Cracco (Hygiene, Valenciennes); A Guaguere, C Rousselin,

E Lefebvre, P Morel, B Kowalski (Reanimation, Douai); T Coppin
(Chirurgie vasculaire, Douali); K Faure, E Senneville, H Melliez (Maladies
Infectieuses, Lille, Tourcoing); R Joly, P Goldstein (SAMU, Lille);

A Vincentelli, N Rousse (Chirurgie cardio-vasculaire, Lille); R Favory,
A Palud, E Parmentier-Decrucq, M Kauv (Reanimation, Lille);

M Benassaya, D Briand, M Lazzerini, C Socratous (National Reference
Center, Institut Pasteur, Paris); F Fichenick, (CIBU, Institut Pasteur,
Paris); J Riou (Institut Pasteur, Paris); K Blanckaert (Antenne Regionale
CCLIN, Lille); P Chaud, M-C Paty (InVS, Lille), J-P Legendre,

S Segovia-Kueny (Agence Regionale de Sante Nord Pas de Calais, Lille).
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