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One Health

Animal coronavirus

• SARS

• MERS 

Animal influenza virus

• Pandemic H1N1

• H5N1

• H7N9

Examples:

335 EID events (1940-2004): 

60% are zoonotic origin (Jones et al., Nature 2008)



Outline

• Animal hosts / source of zoonotic infection

• MERS-CoV genetic and antigenic diversity

• Therapy/Vaccine?
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Epidemic Curve of MERS: Up 
to 09 October 2015

Jeddah > 200 cases

Drosten et al CID 2015
Riyadh ~ 5 months

Fagbo et al EID 2015 

Korea 

186 cases

Jordan

N=9
Al Hasa

N=23

UAE

N=4
UAE

N=21

Riyadh

>100

Jordan



Animal source of MERS-CoV?

Lancet Infect Dis 2013

Eurosurveillance 2013

Lancet Infect Dis 2014 Emerg Infect Dis 2014

NEJM 2014



Serological surveillance of MERS-CoV using 
pseudotyped virus in a BSL2 facility 

Plasmids
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•Good specificity
Control serum positive for:
CCoV BCoV TCoV
TGEV SARS-CoV 
PRCoV MHV 
FIPV

All negative in the assay

• A good correlation between MN and ppNT
Spike of MERS-CoV

H5N1 (J Clin Virol, 2010)
MERS (Euro Surveill. 2013)
Ebola (Clin Chem, 2015)

Euro Surveill. 2014; Euro Survieill. 2015

EID 2015

Human sera from the MERS 

outbreak in Seoul



Sero-prevalence studies in animals and humans (ppNT/MN)

Animal KSA Egypt Morocco Nigeria Ethiopia Kazakhstan Mongolia

Camels 310 
(90%)

110
(94%)

347 
(74%)

132
(100%)

1091
(94%)

455 (0%)
96 (0%)

455 (0%)
96 (0%)

Camels 
(1993)

131 
(96%)

198 (4%)

Goats 144 (0%) 13 (0%)

Sheep 199 (0%) 5 (0%)

Cattle 101 (0%) 8 (0%)

Chicken 351 (0%)

Human 350 (0%) 815 
(0%)

Perera et al Eurosurveill 2013; Hemida et al Eurosurv 2013; Chu et al EID 2014; 
Chan et al EID 2015; Miguel et al EID – submitted; Unpublished  data

http://www.google.nl/imgres?imgurl=http://www.arthursclipart.org/silhouettes/animals/SHEEP.gif&imgrefurl=http://www.arthursclipart.org/silhouettes/animals1.htm&usg=__ENPU_TqHPb3v3pTBqZZDUSpR5tQ=&h=596&w=784&sz=4&hl=nl&start=1&zoom=1&tbnid=SDeL37eptwjCSM:&tbnh=109&tbnw=143&ei=3lcgT-maKs6r-gad_ozEBA&prev=/images?q=silhouet+sheep&um=1&hl=nl&gbv=2&tbm=isch&um=1&itbs=1
http://static.freepik.com/vrije-photo/koe-silhouet-2_17-902180450.jpg


MERS CoV: 
Geographic range and species

Reusken et al EID 2014; Perera et al EID 2013; Hemida et al 2014; 

Chan et al 2015; Chu et al., Euro Surveill 2015; Unpublished data

Chan et al EID 2015

Wherever seropositive camels are found, 
virus can be detected by RT-PCR (at much 
lower prevalence) 4%

MERS-CoV active            No MERS-CoV

77% of global 

dromedary 

population



How widespread of MERS-CoV in dromedary camels? 

Summarized by Reusken et al. (EID 2014)

228 (29.5%) of 774
Corman et al., EID 2014

15%
30-54%

100%

100%

100%

95-100%

55-100%

94%

97%
93-97%

35%

Camel sera sampled in Sudan in1983 are seropositive 
for MERS-CoV (Muller et al., EID 2014)

Wherever seropositive camels are found, 
virus can be detected by RT-PCR (at much 
lower prevalence)

http://en.wikipedia.org/wiki/File:Misery_Coolgardie.jpg


Full genome sequence phylogenetic tree of MERS-CoV 
transmission within a camel herd over 1 month

November 30

December 30

Identical over 30,100 nt

Full genome sequence of Vero 

cell isolate differed from direct 

sequencing from clinical 

specimen in 3 nucleotides: 

Synonymous: ORF1b; 

Non-synonymous: 

Spike (S1251F); 

Membrane (T8I) proteins

Hemida MG, et al Emerg Infect Dis. 

2014 Jul;20(7):1231-4.



A dromedary herd with virus transmission for 1 month

Contacts: 
Herdsman n=4
Other staff in contact with herd n=8
Staff in camel hospital n=30
General population = n=146 
All sero-negative

Hemida et al EID 2015

• Nasal > faecal
• Duration of 

shedding < 1 
month

Hemida et al EID 2014

Transmission to 
humans is inefficient



Multiple 

introduction 

of MERS-

CoV from 

camel to 

human



Camels Contacts 1 and 2

Asymptomatic MERS-CoV Infection in 

Humans Linked to Infected Dromedaries 

Al Hammadi et al., EID 2015

KSA

SK
China

PPNT test

Rapid 

antigen 

test



Epidemiology of MERS-CoV: What we know

Sustained 
transmission 

in humans

Sustained 
transmission 
in animals, 

not sustained 
in humans

Human case Detected case

Cross-species transmission Within-species transmission

Animal case

Modified from Ferguson & Van Kerkhove 2014
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Lancet Infect Dis 2015

Subclinical infected human cases as the viral source in communities ?

Countrywide cross-sectional sero-epidemiological 
survey for MERS-CoV antibodies in Saudi Arabia 

Population sampled
Sero-positives  (NT test)

N (%) 95% CI P value

General population 
(>15 years of age) 
(n=10,009)

15 (0.2%) (0.1-0.2%) Reference

Camel shepherds 
(n-87)

2 (2.3%) (0.3-7.4%) 0.0004

Slaughterhouse 
workers (n=140)

5 (3.6%) (1.3-7.7%) 0.0001

• Estimated 44,951 (95% CI: 26,971-71,922) people > 15 years old have been 
infected with MERS-CoV in Saudi Arabia over their lifetimes 
• Total Saudi population is 29.8 million

• Median age of sero-positives younger than confirmed MERS cases (43.4 yrs vs. 
53.8 yrs (p=0.008)

• Sero-prevalence of Men > Women (Men 0.25% > Women 0.05%) (p=0.28)
• Higher in central vs costal provinces

Muller et al Lancet Infect Dis 2015



*

*

Spike protein  found in 
camel from Egypt: no 
amino acid differences in 
receptor binding region 

Chu et al., EID 2014
Hemida et al., EID 2014
Chu et al., Eurosurveillance 20157.0E-4

Clade A

Clade B

Non A/B Clade
African camels

MERS-CoV genetic diversity:
Does camel MERS-CoV from Africa have capacity to infect humans? 

(DPP4)



Ex vivo cultures - Human respiratory tract

a
Nasopharyngeal 

H5N1

Nasopharyngeal 

Lung

Lung       

H5N1

Bronchi

Lung slice cultureALI culture – Rotor / 
sponge

ALI culture – sponge 

Bronchi                

H1N1v

ALI culture = Air liquid interface culture;  F12K medium

Nicholls et al Nat Med 2007; 13: 147-9; Chan et al Virus Res 2013; 178: 133-45 



Replication 
competence of of 
human and 
dromedary MERS-
CoV in human 
bronchus and lung

Bronchus

Lung

DonorChan et al Lancet Resp Med 2014



Genetically and phenotypically, Saudi and Egyptian 

camel MERS-CoV  appears able to infect the human 

respiratory tract

Why no zoonotic MERS in Africa? 



Camel slaughterhouse

Camel milk: 

taken fresh without boiling 

Camel racing

Dromedary camels



Genetically diverse MERS-CoV are antigenically 
homogenous

Patient ID Day of illness Reciprocal PRNT90 antibody titer to MERS-CoV

EMC 

(clade A)

Camel Al-Hasa 

KFU-HKU13 

(clade B)

Camel Egypt NRCE-

HKU 270

(clade non A/B )

B 12 320 160 160

B 39 320 320 640

G 17 40 40 80

G 35 160 80 160

Collaboration with Seoul National University College of Medicine
Park SW, Perera RAPM, -- Peiris M, Oh MD – Eurosurveillance – on line

Also demonstrated with naturally infected camel sera

Hemida MG, et al Emerg Infect Dis. 2014 Jul;20(7):1231-4.



Weight loss of IFNAR-/- hDPP4 transfected mice challenged with MERS-
CoV followed by passive therapy with MERS-CoV immune serum 

N=5 mice per group

Ad5-hDPP4 transfection of IFNAR-/- mice 5 days before challenge
→ Challenge (i.n.)  with 105 MERS CoV  
→ Treat with 200ul camel serum (i.p.)  neut Ab tier 1:1280 1 day later

Zhao et al. J Virol 2015

Can we treat MERS with camel immune serum?

Immune sera could be also 
used for prophylactic purposes 
in experimental conditions
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• Cannot induce sterilizing immunity

• Protective duration?  

Hurdles:



Detection of 
infection MERS-
CoV in adult 
camel with high 
neutralizing 
antibody

*

• NT antibodies might not confer 
a complete protection against 
MERS-CoV?

• Possibility of re-infections?

Hemida et al., EID 2014

A lot of unknown 

about MERS-CoV in 

camels.



Summary
• Camels are a source of human infection but transmission 

(leading to disease or seroconversion) is inefficient and 
routes / modes of transmission to humans are poorly 
understood.
– Asymptomatic  humans as a source of transmission?
– Unusual route of exposure?
– Host heterogeneity ? 

• MERS-CoV is genetically diverse but antigenically 
homogenous

• There are well validated methods for MERS detection
– MERS-spike pseudoparticle neutralization test is a reliable and 

specific method for sero-epidemiology / confirmation that does 
not require BSL-3 containment.  

• Promising experimental vaccines have been developed, but 
their potential use in the field are need to be evaluated  



MERS: What we do NOT know

• Old disease or new: 
– Virus was circulating in dromedary camels for >30 years. Why no disease 

till 2012? 

• Why not in Africa?
– Virus is endemic in dromedary camels in Africa. Why no human cases 

reported? 

• Why is zoonotic MERS apparently so rare / stochastic but efficient 
transmission within health care facilities?
– Virus is common in dromedary camels, e.g. in calves and in abattoirs. 
– Why are the highly exposed groups not prominent in patients with MERS? 
– Parallels with avian flu H5N1

• Can it / what will lead to, increased transmission within the 
community? → SARS experience!!

• Route of transmission from camels to humans? 
• Other animal hosts (reservoir, intermediate host)?  



Technology transfer and collaborations

WHO site visit:
South Korea

WHO/FAO site visit:
Kingdom of Saudi Arabia

FAO site visit: 
United Arab Emirates

WHO/FAO/Other trainings:
Kingdom of Saudi Arabia 
United Arab Emirates
Overseas visitors

Collaborators from :
Australia 
Egypt
KSA
France
Mongolia 
South Korea
UAE
Others

Whole sale market

Veterinary lab

Hospital

Racing court 

FAO training 

course in HK Camel farmHousehold visit

Slaughterhouse 



The University of Hong Kong: School of Public Health: Malik Peiris, Daniel Chu, Mahen 
Perera, M Chan, Chris Mok, Renee Chan, Eric Lau, Y Guan, John Nicholls, P Wang

National Research Centre, Giza, Egypt: G Kayali, MA Ali  
King Faisal University, KSA: MG Hemida, A Al Naeem
King Fahad Medical City. KSA: S Fagbo, A Hakawi 
Seoul National University College of Medicine, Myoung-don Oh, SW Park, WB Park, PG 

Choe, SJ Choi, JY Chun, HS Oh, KH Song et al 
Guangzhou Medical University, 1st Affiliated Hospital: NS Zhong, Ling Chen et al.
CIRAD: Eve Miguel. V Chevalier, F Roger; 
Institut Pasteur: Maria van Kerkhove 
Abu Dhabi Food Control Authority: Z Al Hammadi, YM Yassir, SS Al Muhairi
University of Iowa:  S Perlman, J Zhao
Transboundary State Central Veterinary Laboratory, Mongolia: B Damdinjav, B Khisgee
University of Queensland: Rafat Al Jassim

R Fouchier, B Haagmans, M Koopmans (Erasmus MC), C Drosten, M Muller (U Bonn), 
Aron Hall (US CDC); Bernard Faye


