
E u r o p e ’ s  j o u r n a l  o n  i n f e c t i o u s  d i s e a s e  e p i d e m i o l o g y,  p r e v e n t i o n  a n d  c o n t r o l

www.eurosurveillance.org

Special edition: 
Middle East Respiratory  

Syndrome Coronavirus  
(MERS-CoV)

July 2013

•	This issue presents descriptions of the assays for laboratory 
confirmation of MERS-CoV infections, case reports from the 
United Kingdom, Germany and France documenting the related 
contact investigations, public health measures and more.



Based at the European Centre for  
Disease Prevention and Control (ECDC),  
171 83 Stockholm, Sweden

Telephone number
+46 (0)8 58 60 11 38 or +46 (0)8 58 60 11 36

Fax number
+46 (0)8 58 60 12 94

E-mail
Eurosurveillance@ecdc.europa.eu

Editor-in-chief
Ines Steffens

Scientific editors 
Kathrin Hagmaier
Williamina Wilson
Karen Wilson

Assistant editors
Alina Buzdugan
Ingela Söderlund

Associate editors 
Andrea Ammon, Stockholm, Sweden
Tommi Asikainen, Frankfurt, Germany
Mike Catchpole, London, United Kingdom
Denis Coulombier, Stockholm, Sweden
Christian Drosten, Bonn, Germany
Karl Ekdahl, Stockholm, Sweden
Johan Giesecke, Stockholm, Sweden
Herman Goossens, Antwerp, Belgium
David Heymann, London, United Kingdom
Heath Kelly, Melbourne, Australia
Irena Klavs, Ljubljana, Slovenia
Karl Kristinsson, Reykjavik, Iceland
Daniel Lévy-Bruhl, Paris, France
Richard Pebody, London, United Kingdom
Panayotis T. Tassios, Athens, Greece
Hélène Therre, Paris, France
Henriette de Valk, Paris, France
Sylvie van der Werf, Paris, France

Design / Layout
Fabrice Donguy / Arne Haeger

www.eurosurveillance.org

© Eurosurveillance, 2013

Albania: Alban Ylli, Tirana
Austria: Reinhild Strauss, Vienna 
Belgium: Koen De Schrijver, Antwerp 
Belgium: Sophie Quoilin, Brussels
Bosnia and Herzogovina: Nina Rodić Vukmir, Banja Luka
Bulgaria: Mira Kojouharova, Sofia 
Croatia: To be nominated 
Cyprus: To be nominated 
Czech Republic: Bohumir Križ, Prague 
Denmark: Peter Henrik Andersen, Copenhagen 
England and Wales: TBC, London 
Estonia: Kuulo Kutsar, Tallinn 
Finland: Outi Lyytikäinen, Helsinki 
France: Judith Benrekassa, Paris 
Germany: Jamela Seedat, Berlin
Greece: Rengina Vorou, Athens 
Hungary: Ágnes Csohán, Budapest 
Iceland: Haraldur Briem, Reykjavik 
Ireland: Lelia Thornton, Dublin 
Italy: Paola De Castro, Rome 
Kosovo (under UNSCR 1244/99): Lul Raka, Pristina
Latvia: Jurijs Perevoščikovs, Riga 
Lithuania: Milda Zygutiene, Vilnius 
Luxembourg: Thérèse Staub, Luxembourg 
The FYR of Macedonia: Elisaveta Stikova, Skopje
Malta: Tanya Melillo Fenech, Valletta
Montenegro: Dragan Laušević, Podgorica
Netherlands: Paul Bijkerk, Bilthoven 
Norway: Hilde Klovstad, Oslo 
Poland: Malgorzata Sadkowska-Todys, Warsaw 
Portugal: Isabel Marinho Falcão, Lisbon
Romania:  Daniela Pitigoi, Bucharest 
Serbia: Tatjana  Pekmezovic, Belgrade
Slovakia: Lukáš Murajda, Martin 
Slovenia: Alenka Kraigher, Ljubljana 
Spain: Elena Rodríguez Valín, Madrid 
Sweden: Christer Janson, Stockholm 
Turkey: Fehmaniz Temel, Ankara
United Kingdom: Norman MacDonald, Glasgow
European Commission: Paolo Guglielmetti, Luxembourg
World Health Organization Regional Office for Europe: Nedret 
Emiroglu, Copenhagen

Editorial team Editorial advisors



1www.eurosurveillance.org

Contents

© Eurosurveillance

Illustration of Coronavirus, phylogenetic tree

Middle East Respiratory Syndrome 
Coronavirus (MERS-CoV)
Note from the editors: A new virus bringing back 
memories from the past	 2
Eurosurveillance editorial team	

RAPID COMMUNICATION

Severe respiratory illness caused by a novel 
coronavirus, in a patient transferred to the United 
Kingdom from the Middle East, September 2012 	 3
A Bermingham et al.	

The United Kingdom public health response to an 
imported laboratory confirmed case of a  
novel coronavirus in September 2012 	 8
RG Pebody et al.

Evidence of person-to-person transmission within 
a family cluster of novel coronavirus infections, 
United Kingdom, February 2013 	 12
The Health Protection Agency (HPA) UK Novel Coronavirus 
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	 19
A Mailles et al.

Novel coronavirus associated with severe 
respiratory disease: Case definition and public 
health measures 	 24
N Danielsson et al.

Incubation period as part of the case definition of 
severe respiratory illness caused by a novel coronavirus 	26
H Nishiura et al.

Detection of a novel human coronavirus by real-
time reverse-transcription polymerase chain reaction 	 30
VM Corman et al.

Assays for laboratory confirmation of novel human 
coronavirus (hCoV-EMC) infections 	 36
VM Corman et al.

Specific serology for emerging human 
coronaviruses by protein microarray 	 45
C Reusken et al.

Laboratory capability for molecular detection 
and confirmation of novel coronavirus in Europe, 
November 2012 	 52
D Palm et al.

SURVEILLANCE AND OUTBREAK REPORTS

Contact investigation of a case of human novel 
coronavirus infection treated in a German hospital, 
October-November 2012 	 56
U Buchholz et al.

PERSPECTIVES

Transmission scenarios for Middle East Respiratory 
Syndrome Coronavirus (MERS-CoV) and how to 
tell them apart 	 63
S Cauchemez et al.



2 www.eurosurveillance.org

Miscellaneous

Note from the editors: A new virus bringing back 
memories from the past

Eurosurveillance editorial team (eurosurveillance@ecdc.europa.eu)1

1.	 European Centre for Disease Prevention and Control (ECDC), Stockholm, Sweden 
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In recent days, public health experts and healthcare 
workers around the world are alert following the dis-
covery of a new human coronavirus causing severe 
respiratory illness. Two cases, both with connection to 
Saudi Arabia, were communicated through ProMED on 
20 and 23 September respectively [1,2].

Many health professionals still have vivid memories 
of the alert that followed the death of an American 
businessman in a hospital in Hanoi, Vietnam, in early 
2003 after having travelled to China, and the following 
outbreak of severe acute respiratory syndrome (SARS). 
This triggered worldwide alarm and containment meas-
ures. During the outbreak, there was excellent col-
laboration between global players and institutions, on 
various levels (i.e. public health institutions, labora-
tories and hospitals) and new ways of communicating 
proved to be highly value for the exchange of informa-
tion. The last case of SARS occurred in China in May 
2004: thereafter the virus seemed to have disappeared 
and has not resurfaced since.

The public health world is currently looking closely into 
the two recent cases of coronovirus infection. Similar 
to SARS, the two patients had/have symptoms of 
severe respiratory illness and the virus comes from the 
same family, Coronaviridae. However, there are some 
marked differences. The virus is not the same: labora-
tory analyses have proven that the new virus is not a 

SARS-like virus. Furthermore, the two confirmed cases 
occurred with a gap of three months between them and 
there is no evidence of a direct epidemiological link. 

Much remains unknown at the moment and information 
that would allow us to make a final judgment about the 
disease is missing. Two rapid communications in this 
issue give a timely account of the recommended public 
health measures and assays to detect the virus. On the 
basis of the limited evidence currently available, the 
risk for person-to-person transmission, as assessed 
by the European Centre for Disease Prevention and 
Control (ECDC) in a rapid risk assessment, is consid-
ered low [3]. Eurosurveillance will continue to provide 
more information as it becomes available.
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felis non massa placerat tincidunt. Suspendisse neque arcu, 
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Rapid communications

Severe respiratory illness caused by a novel coronavirus, 
in a patient transferred to the United Kingdom from the 
Middle East, September 2012
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Coronaviruses have the potential to cause severe 
transmissible human disease, as demonstrated by the 
severe acute respiratory syndrome (SARS) outbreak of 
2003. We describe here the clinical and virological fea-
tures of a novel coronavirus infection causing severe 
respiratory illness in a patient transferred to London, 
United Kingdom, from the Gulf region of the Middle 
East.

Introduction
Coronaviruses are recognised causes of mild respira-
tory tract infections in humans, first identified in the 
1960s [1]. These large RNA viruses affect a wide range 
of animals including domestic and companion animals 
and bats [2]. Limited surveillance data show that bats 
host the greatest diversity of coronaviruses, varying by 
region and species [3], suggesting that they may be the 
natural reservoir. 

The severe acute respiratory syndrome (SARS) out-
break of 2003 – affecting over 8,000 people across 
three continents with a case fatality ratio of about 10% 
[4] – indicates the potential of an animal coronavirus to 
jump species and transmit from person to person caus-
ing severe illness. This experience has raised aware-
ness of the potential threat from zoonotic coronaviral 
infections and the need to adopt strict infection con-
trol measures when such cases are found, especially in 
healthcare settings. We describe here the clinical fea-
tures and diagnostic detection of a novel coronavirus 
infection in a severely ill adult transferred to London, 
United Kingdom, from the Gulf region of the Middle 
East for medical care. 

Case history
On 14 September 2012, the United Kingdom Health 
Protection Agency (HPA) Imported Fever Service was 
notified of a case of unexplained severe respiratory 

illness in a London intensive care unit. The patient had 
recently transferred from Qatar and had a history of 
travel to Saudi Arabia. 

He was a previously well 49 year-old man who devel-
oped a mild undiagnosed respiratory illness while 
visiting Saudi Arabia during August 2012, which fully 
resolved.  He subsequently presented to a physician 
in Qatar on 3 September, with cough, myalgia and 
arthralgia, and was prescribed oral antibiotics.  Five 
days later, he was admitted to a Qatari hospital with 
fever (38.4 °C) and hypoxia, with oxygen saturation 
of 91% on room air. A chest X-ray showed bilateral 
lower zone consolidation.  He was treated with ceftri-
axone, azithromycin and oseltamivir. After 48 hours, 
he required intubation and ventilation and was trans-
ferred by air ambulance to London. During transfer, he 
was clinically unstable, requiring manual ventilation.

On admission to intensive care in London, he remained 
severely hypoxic, achieving an arterial PaO2 of 6.5 kPA 
(normal range: 11–13 kPA) on 100% oxygen with opti-
mised pressure ventilation, and required low-dose 
norepinephrine to maintain blood pressure.  His white 
blood cell count was 9.1 x 109/L (normal range: 4–11 x 
109/L), C-reactive protein 350 mg/L (normal range: 0–10 
mg/L) and creatinine 353 μmol/L (normal range: 53–97 
μmol/L), with normal liver function and coagulation. 
He was treated with corticosteroids and broad-spec-
trum antibiotics, initially meropenem, clarithromycin 
and teicoplanin. Colistin and liposomal amphotericin B 
were subsequently added. 

His condition deteriorated between 11 and 20 
September, with progressive hypoxia.  His C-reactive 
protein level peaked at 440 mg/L and procalcitonin at 
68 ng/ml (normal level:  <0.5 ng/ml). His renal func-
tion worsened and haemofiltration was initiated on 14 



4 www.eurosurveillance.org

September. He was transferred to a specialist intensive 
care unit and on 20 September (day 17 of illness), extra-
corporeal membrane oxygenation (ECMO) was started.  
As of 2 October, he remains stable but fully dependent 
on ECMO after 13 days (day 30 of illness).

Diagnostic approach 
Microbiological diagnostics in Qatar and London were 
used to look initially for common viral and bacterial 
causes of severe respiratory illness and subsequently 
for pathogens endemic in the Middle East (Table 1). By 
mid-September, the syndrome was considered most 
compatible with viral pneumonia. Upper and lower res-
piratory tract samples were sent to the HPA Respiratory 
Virus Unit for extended influenza testing; all were neg-
ative. On 20 September, a ProMED report described 

a novel human coronavirus recovered from an adult 
male Saudi Arabian who died in June 2012 following 
acute respiratory illness, pneumonia and renal failure 
[5]. The Erasmus Medical Center (the Netherlands) had 
sequenced the virus and identified it as a previously 
undescribed coronavirus, related to known bat corona-
viruses. Given that the patient described in our report 
had travelled to Saudi Arabia, HPA, in consultation with 
local clinicians, decided to investigate samples from 
the patient for the presence of the novel coronavirus.

Detection of a novel coronavirus
We used real-time PCR on upper (nose and throat 
swabs) and lower respiratory tract samples (sputum 
and tracheal aspirates) to test for a range of coronavi-
ruses: OC43, 229E, NL63 and SARS-CoV. We also used 

Source Sample
Date of investigation (September 2012)

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Qatar Broncho-alveolar lavage

London:  
ICU

Combined nose and throat swab

Local bacterial/viral testinga

Imported fever panel  
(blood/serum/urine/throat swab)b

Sputum

Nose swab

Throat swab

Tracheal aspirate

London: 
specialist 
ICU

Broncho-alveolar lavagec

Cerebrospinal fluid

Blood (EDTA/serum)

Stool

EDTA: ethylenediaminetetraacetic acid; ICU: intensive care unit; PCR: polymerase chain reaction.

Red = coronavirus detected (pan-coronavirus assay and real-time PCR assay for UpE and ORF1b (specific for novel coronavirus)
Green = no pathogens detected, including testing by pan-coronavirus assay
Blue = negative for all pathogens (not tested by pan-coronavirus assay)

a 	 Included multiple blood and sputum cultures; urinalysis; atypical pneumonia screen; blood-borne virus screen; Epstein–Barr virus, 
cytomegalovirus, and varicella zoster virus; respiratory virus screen; mycobacterial respiratory screen; and tracheostomy site culture.

b 	 Included dengue virus; West Nile virus; chikungunya virus; hantavirus; Sindbis virus; Rift Valley fever virus; sandfly viruses; Rickettsiae; 
Coxiella burnettii; Burkholderia mallei and B. pseudomallei.

c 	 Negative for respiratory bacterial culture and mycobacterial stain and respiratory Influenza A/B, parainfluenza 1-4, RSV A/B, human 
metapneumovirus, enterovirus, rhinovirus, adenovirus, human bocavirus, and the human coronaviruses (NL63, 229E, OC43, HKU1).

Table 1
Microbiological investigations performed on London patient with novel coronavirus infection, September 2012
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a block-based pan-coronavirus PCR with degenerate 
primers targeted to the conserved RNA-dependent RNA 
polymerase (RdRp Pol) gene that detects all coronavi-
ruses known to infect humans and a range of animal 
coronaviruses [6]. The pan-coronavirus assay yielded a 
band of the correct size in lower respiratory tract sam-
ples, but the assays for OC43, 229E, NL63 and SARS-
coronaviruses were negative. Sanger sequencing of 
the pan-coronavirus PCR product (a 251 base pair frag-
ment encompassing nucleotides 104–354 of the NSP12 
gene) yielded a sequence that on BLAST analysis gave 
genetic identity of 81% to bat coronavirus/133/2005 
(GenBank accession number DQ648794.1) and 75% 
identity to porcine haemagglutinating encephalomy-
elitis virus strain VW572 (GenBank accession number 
DQ011855.1) The sequence identified is available on 
the HPA website [7].  In response to this identification, 
a new set of real-time RT PCR assays were developed 
[8]. The results of these assays tested on novel corona-
virus tissue culture material and clinical samples from 
this confirmed case are shown in Table 2. 

On the basis of the sequence obtained, a maximum 
likelihood tree (Figure) showed that the virus belongs 
to the genus Betacoronavirus, with closest relation-
ships to bat coronaviruses HKU4 and HKU5.  Viruses 
that share more than 90% sequence identity in the 
conserved replicase domain are considered to belong 
to the same species by the International Committee on 
Taxonomy of Viruses (ICTV).  Our sequence compari-
sons suggested that the virus nucleic acid fragment 
identified is derived from a novel coronavirus that is 
distinct from all coronaviruses described to date.

A total of 13 close contacts of the index case were iden-
tified who had developed mild self-limiting respira-
tory illnesses since exposure to the case [8].  Ten of 
these have had nose and throat swabs tested by pan-
coronavirus assay and the novel coronavirus was not 
detected.  

Discussion
Ascribing viral taxonomy on the basis of a small seg-
ment of sequence representing less than 1% of a viral 
genome is highly presumptive.  However, the replicase 
genes are extremely conserved within coronaviruses, 
and the gene targeted by the pan-coronavirus assay is 
highly correlated with taxonomic classification based 
on the whole genome [9], confirming the choice of 
assay and the validity of the phylogeny (Figure).  Final 
allocation of taxonomy and nearest neighbour related-
ness will require more extensive sequence obtained 
either through genomic analysis of virus isolates cul-
tured from the available clinical material, or more 
extensive partial genome sequence derived directly 
from clinical material if virus isolation is not possible.

While most coronaviral infections of humans cause mild 
illness, zoonotic transmission of animal coronaviruses 
such as SARS-CoV can cause severe illness and death.  
Preliminary data sharing (Ron Fouchier, personal com-
munication, 23 September 2012) indicates 99.5% iden-
tity over the region of the replicase compared with the 
virus isolated from the patient in Saudi Arabia and 
described in ProMED. This is confirmed by the publica-
tion of the whole genome sequence (GenBank acces-
sion number JX869059.1). On the basis of the clinical 
and virological features, we believe that the fragment 

Sample/isolate
E Gene ORF 1b Gene

Rotorgene (Ct) ABI Taqman (Ct) Rotorgene (Ct) ABI Taqman (Ct)

 Novel coronavirus isolated in the Netherlands (patient from Saudi Arabia) reported to ProMED

Cultured virus  (approximate 
titre 106/ml) 18.9 17.5 22.7 21.9

Samples from confirmed case in London

Combined nose  
and  throat swab  
13/9/ 2012

30.5 28.8 35.6 35.4

Sputum 
 
17/12/2012

28.3 26.6 32.8 31.7

Deep tracheal  
aspirate
19/12/2012

26.2 24.9 31.4 30.0

Ct: cycle threshold; PCR: polymerase chain reaction.
Results of specific real-time PCR assays [10] directed towards the upstream E gene (UpE) and the ORF 1b region of the new coronavirus tested 

against cultured virus from the patient who died in Saudi Arabia, and clinical material from the confirmed case of novel coronavirus in 
London.

Table 2
Real-time PCR results of coronavirus samples, September 2012



6 www.eurosurveillance.org

of coronaviral sequence we have recovered represents 
a novel human coronavirus causing a severe respira-
tory illness.  

The rapid development of sensitive and specific 
molecular diagnostics for new organisms is facilitated 
by sharing information and data between laborato-
ries with different capabilities or reagents. The initial 
molecular approaches used in this case were part of a 
broad screening approach based on experience gained 
during the response to SARS. The development of spe-
cific diagnostics for the novel coronavirus will improve 
sensitivity and enable rapid exclusion or identification 
of potential clinical cases. 

The origin for this novel virus is unknown. 
Epidemiological human and animal investigations in 
the region of origin are required to distinguish between 
an animal reservoir that either directly or indirectly 
transmits the virus occasionally to humans, and a pre-
viously unrecognised endemic infection of humans that 
causes severe outcomes in a few of those infected. 
Distinguishing between these possibilities will require 
wider application of more specific and sensitive molec-
ular assays for coronaviruses, and greater awareness 
of the possible presence of coronaviruses in human 
acute severe respiratory illness. Extensive serological 
testing of potentially exposed human populations and 
contacts will be a key indicator of the extent of disease 
due to novel coronaviruses.

Figure 
Phylogenetic relationships of partial sequences from the polymerase gene (nsp12) of the coronavirus sequence obtained at 
the Health Protection Agency, together with representative coronaviruses from different groups

The sequence obtained at the Health Protection Agency has been tentatively named as London1_novel CoV 2012. The phylogenetic tree was 
constructed with fastTree software, using the maximum-likelihood method with general time-reversible model of nucleotide substitution. 
Bootstrap values were obtained with 1,000 replicates. Coronavirus groups are shown on the right hand side of the tree, with 1, 2 and 3 
corresponding to Alpha, Beta and Gammacoronaviruses respectively. 
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On 22 September 2012, a novel coronavirus, very 
closely related to that from a fatal case in Saudi Arabia 
three months previously, was detected in a previously 
well adult transferred to intensive care in London from 
Qatar with severe respiratory illness. Strict respiratory 
isolation was instituted. Ten days after last exposure, 
none of 64 close contacts had developed severe dis-
ease, with 13 of 64 reporting mild respiratory symp-
toms. The novel coronavirus was not detected in 10 of 
10 symptomatic contacts tested.

The outbreak of Severe Acute Respiratory Syndrome 
(SARS) in 2003, which led to 8,422 cases and 916 
deaths worldwide [1], highlighted the potential for 
newly emerging zoonotic coronaviruses to transmit 
from person to person, especially in healthcare set-
tings, and to cause severe human illness.

On 22 September 2012, the Health Protection Agency 
(HPA) in London, United Kingdom (UK), confirmed infec-
tion with a novel coronavirus in a patient in a London 
hospital who had been transferred from Qatar 11 days 
previously. This patient represents the second con-
firmed case of severe acute respiratory illness caused 
by this novel coronavirus. The first case was identified 
in a Saudi Arabian national who died in June 2012 [2,3]. 
We describe the exposure history, the public health 
response and follow-up of close contacts of the case 
in London. 

Case exposure history and 
laboratory investigations
The case is a previously well 49 year-old male, who 
travelled to Saudi Arabia from 31 July to 18 August 
2012, where he, and several of his travelling compan-
ions, developed rhinorrhoea and fever (Figure 1). On 
18 August he travelled to Qatar, where his respiratory 

symptoms resolved three days later. While in Qatar, 
he spent time on a farm, where he keeps camels and 
sheep, although no direct contact with these animals 
was reported.

On 3 September, he reported a mild respiratory ill-
ness. Six days later, he required hospitalisation due 
to development of bilateral pneumonia. His condition 
worsened and he subsequently required intubation 
and ventilation. On 12 September, he was transferred 
by air ambulance to an intensive care unit in London, 
where acute renal impairment was also detected. Due 
to further deterioration, he was transferred to another 
London hospital on 20 September [3]. 

Following the report on proMED on 20 September 2012 
[2] of the detection of a novel coronavirus (until fur-
ther taxonomic denomination herewith referred to as 
hCoV-EMC) in a Saudi Arabian patient who had died 
from severe respiratory illness and renal failure, and 
as no diagnosis had been established despite investi-
gations for common causes of pneumonia and patho-
gens endemic to the Middle East, the patient in London 
was investigated for novel coronavirus infection. On 
21 September, a coronavirus was detected in respira-
tory tract samples using a pan-coronavirus PCR assay, 
and on 22 September sequencing of the PCR amplicon 
showed a sequence very closely related to the hCoV-
EMC detected in the earlier patient from Saudi Arabia 
[4]. The virus belongs to the genus beta-coronavirus, 
with closest relationship to bat coronaviruses [4].

Public health management
The identification of a novel coronavirus of the same 
group as the SARS-CoV, with two clinically severe 
human cases including one fatality, led to a public 
health response being mounted to isolate the case, 
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identify and test close contacts and to prevent onward 
transmission. Once the patient was found to have a 
novel coronavirus infection, he was isolated in a nega-
tive-pressure single room, and full personal protective 
equipment (PPE), including gowns, gloves, eye protec-
tion and high filtration masks were worn by staff and 
other contacts. Interim case and close contact defini-
tions were developed [5]. 

A possible case was defined as any person with acute 
respiratory syndrome which includes fever (≥38º C) or 
history of fever and cough requiring hospitalisation or 
with suspicion of lower airway involvement (clinical or 
radiological evidence of consolidation) not explained 
by another infection or aetiology with history of either 
travel to or residence in Saudi Arabia or Qatar or close 
contact with a confirmed case in the ten days before 
onset of illness

A close contact was defined as the following persons

•	 Healthcare and social care workers: worker who pro-
vided direct clinical or personal care or examination 
of a symptomatic confirmed case or within close 
vicinity of an aerosol generating procedure AND who 
was not wearing full personal protective equipment 
(PPE) at the time. Full PPE is defined as correctly fit-
ted high filtration mask (FFP3), gown, gloves and 
eye protection. 

•	 Household: any person who has had prolonged face-
to-face contact with the confirmed case(s) any time 
during the illness after onset in a household setting. 

•	 Other close contacts: any person who has had pro-
longed face-to-face contact with a confirmed case 
while symptomatic in any other enclosed setting and 
not wearing a mask e.g. school, visitor to the hospi-
tal to the bed side of a symptomatic confirmed case. 

These definitions were used as the basis for identify-
ing further possible cases and contacts. Guidelines 
were developed on the investigation and public health 
management of these cases and their close contacts.  

Identification and follow-up of individuals who had 
close contact with the case at any time during his 
symptomatic period from entry into the UK up until 
implementation of full isolation on 21 September 
(including healthcare workers and family), was rapidly 
initiated by HPA staff and staff from the London hos-
pitals’ Infection Control Teams. Close contacts were 
followed up for a period of 10 days since the date of 
last exposure to the index case. If contacts developed 
respiratory illness in this period, they were asked to 
self-isolate in their homes (or were isolated in hospital 
if requiring admission).

The hospital in Qatar was informed to allow them to ini-
tiate appropriate follow-up for those who had been in 
contact with the patient.

HPA rapidly developed and published advice to health 
professionals, the public and travellers [5]. The case 
was immediately reported under the International 
Health Regulations to the World Health Organisation 
and through the European Union Early Warning and 
Response System (EWRS). Extensive laboratory work 
was undertaken to characterise the virus and develop 
new diagnostic tools [3].

Initial epidemiological investigation 
and preliminary findings
Close contacts of the case were followed up to deter-
mine the transmissibility of this novel coronavirus. 
This included collection of information on clinical 
illness, virological swabbing of contacts they had 

Figure 1
Timeline of disease and travel history of novel coronavirus case, London, August-September 2012 
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respiratory symptoms and collection of paired sera 
from all contacts to determine if there was evidence of 
recent infection.

It is likely that the patient’s infection was acquired 
in Qatar as he was in Qatar for the 16 days prior to 
the onset of his most recent respiratory illness in 
September. The earlier mild upper respiratory tract 
infection, which began during his visit to Saudi Arabia, 
resolved two weeks before onset of the present illness. 

By 4 October, tracing of contacts had identified 64 per-
sons, among healthcare workers, family and friends, 
who were reported to have been in close contact with 
the confirmed case while he was symptomatic in the 
UK (Figure 2). Ten days after the date of last respective 
exposure, none of the close contacts had developed 
severe respiratory disease requiring hospital admis-
sion. Interim results have identified thirteen close 
healthcare worker contacts with mild, self-limiting res-
piratory symptoms. These contacts were self-isolated 
in their homes until asymptomatic. In addition, one 
hospitalised patient who had potential contact with 
the case and subsequently became unwell was iden-
tified and subsequently tested negative using a pan-
coronavirus assay [4]. The novel coronavirus has not 

been detected in any of the ten symptomatic health-
care worker contacts tested by 4 October 2012.  

Four possible cases with a history of recent travel from 
Saudi Arabia or Qatar have also been identified and 
investigated in the UK since active case finding was 
commenced. Although the likelihood of novel coro-
navirus infection in any of these was considered low, 
strict infection control measures were taken. For three 
of them, samples were available and the novel corona-
virus was not detected. A fourth case, who died at the 
beginning of September, remains under investigation.

Public health implications 
We present a case of severe respiratory illness result-
ing from a novel coronavirus acquired in the Middle 
East. The clinical picture is similar to that of a case 
previously described from Saudi Arabia and caused 
by a closely related virus. Although cases of SARS, for 
which the causative agent SARS-CoV is in the same 
group of coronaviruses, were reported with incubation 
periods beyond 10 days, 95% were reported to have an 
incubation period of less than 10 days [6]. In the light 
of this, the case of novel coronavirus that we report 
appears to have been acquired in Qatar based on the 
known time course of the patient’s infection and other 

Figure 2
Outcome of close contact follow-up ten days or more since last exposure to index case with a novel coronavirus infection, 
London, September 2012 (n=64) 
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available information, unless the illness had an unu-
sual biphasic nature or a very long incubation period. 
After 10 days of follow-up, there has been no confirmed 
evidence of ongoing person-to-person transmission 
resulting in severe disease or milder laboratory con-
firmed infection among close contacts, despite exten-
sive active contact tracing. Completion of case-contact 
investigation, including serological testing when avail-
able, will determine whether mild or asymptomatic 
infection among close contacts has occurred. In addi-
tion, serological investigation in the countries of origin 
of the two confirmed cases should be considered to 
look for evidence of possible previous infection in the 
general population. Studies in animals are also neces-
sary to determine whether there is an animal reservoir 
for this infection and what it might be.

Early detection and investigation of cases  of severe 
respiratory illness among travellers returning from 
countries where infection with novel coronavirus has 
been reported and their close contacts will support the 
further elucidation of the epidemiological characteris-
tics of this novel virus. An outbreak of severe respira-
tory illness of unknown aetiology was reported from 
the Middle East earlier in 2012 [7]. Work needs to be 
undertaken to determine if a novel coronavirus has 
been circulating more widely in the general population 
in the Middle East already for some time or if the virus 
was more recently introduced from an unknown animal 
reservoir.
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In February 2013, novel coronavirus (nCoV) infection 
was diagnosed in an adult male in the United Kingdom 
with severe respiratory illness, who had travelled 
to Pakistan and Saudi Arabia 10 days before symp-
tom onset. Contact tracing identified two secondary 
cases among family members without recent travel: 
one developed severe respiratory illness and died, the 
other an influenza-like illness. No other severe cases 
were identified or nCoV detected in respiratory sam-
ples among 135 contacts followed for 10 days.

On 8 February 2013, the Health Protection Agency (HPA) 
in London, United Kingdom (UK), confirmed infection 
with novel coronavirus (nCoV) in a patient in an inten-
sive care unit, who had travelled to both Pakistan and 
Saudi Arabia in the 10 days before the onset of symp-
toms [1]. This patient (hereafter referred to as Case 1) 
was the 10th confirmed case reported internationally 
of a severe acute respiratory illness caused by nCoV. 
Two secondary cases of nCoV were subsequently 
detected. We describe the public health investigation 
of this cluster and the clinical and virological follow-up 
of their close contacts. 

The nCoV was first described in September 2012 in a 
Saudi Arabian national who died in June 2012 [2,3]. The 
UK detected its first case of nCoV infection in a male 
foreign national transferred from Qatar to London in 
September 2012 [4]. By February 2013, a total of two 
clusters had been described globally: one cluster (n=2) 
among staff in a hospital in Jordan and a family cluster 
(n=3) in Saudi Arabia [5]. No clear evidence of person-
to-person transmission was documented in either clus-
ter [6]. 

Index case exposure history and 
laboratory investigations
The index case was a middle-aged UK resident, who 
had travelled to Pakistan for five weeks. He then trav-
elled directly to Saudi Arabia on 20 January where he 

remained until his return to the UK on 28 January 2013. 
During his stay in Saudi Arabia, he spent time in Mecca 
and Medina on pilgrimage. On 24 January, while in 
Saudi Arabia, he developed fever and upper respira-
tory tract symptoms (Figure 1). No direct contact with 
animals or with persons with severe respiratory illness 
was reported in the 10 days before the onset of illness.

When back in the UK, the patient’s respiratory symp-
toms worsened and he visited his GP on 30 January; he 
was admitted to hospital on 31 January. He rapidly dete-
riorated and required invasive ventilation for respira-
tory support. Due to further deterioration, he needed 
extracorporeal membrane oxygenation (ECMO) and 
was thus transferred to a tertiary centre on 5 February, 
where he remains severely ill on ECMO as of 1 March. 

Initial laboratory investigation included a respiratory 
virus screen, with confirmation of influenza A infection 
on 1 February.  This was subsequently characterised 
as influenza A(H1N1)pdm09. As the patient’s clinical 
condition failed to improve following administration of 
influenza-specific antiviral drugs, he was subsequently 
investigated for nCoV infection in line with HPA guid-
ance [7]. On 7 February, nCoV was detected initially in a 
throat swab with a real-time PCR assay at a local labo-
ratory, and nCoV was confirmed on 8 February by the 
HPA Respiratory Virus Reference Unit.

Public health management
Following the confirmation of this imported nCoV 
case, the UK public health authorities implemented 
enhanced infection control measures to minimise 
possible onward transmission of infection: identifica-
tion and follow-up of contacts to investigate whether 
transmission had occurred and prompt diagnosis and 
appropriate management of any further cases. The HPA 
protocol for investigation of nCoV cases and their close 
contacts was used [8]. For the purpose of the investiga-
tion, a close contact was defined as: 
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•	Aeroplane setting: the aircraft passengers in the 
same row and the two rows in front and behind a 
symptomatic case; 

•	Household setting: any person who had prolonged 
(>15 minutes) face-to-face contact with the confirmed 
case(s) any time during the illness in a household 
setting; 

•	Healthcare setting: either (i) a worker who provided 
direct clinical or personal care to or examined a symp-
tomatic confirmed case or was within close vicinity 
of an aerosol-generating procedure AND who was 
not wearing full personal protective equipment (PPE) 
at the time; or (ii) a visitor to the hospital who was 
not wearing PPE at the bedside of a confirmed case; 
full PPE was defined as correctly fitted high filtration 
mask (FFP3), gown, gloves and eye protection; 

•	Other setting: any person who had prolonged (>15 
minutes) face-to-face contact with a confirmed symp-
tomatic case in any other enclosed setting. 

Identification and follow-up of individuals who had 
close contact with the index case from entry into the 
UK at any time during his symptomatic period was 
rapidly initiated by the HPA together with staff from 
the two hospitals the patient had attended (includ-
ing the Infection Prevention and Control Teams and 
Occupational Health). 

Close contacts were followed up for a minimum period 
of 10 days after last exposure to the index case. 
Following the identification of two secondary nCoV 
cases among symptomatic family contacts of the index 
case, contact tracing was initiated for their respec-
tive additional contacts. Follow-up included collection 
of information on the date and setting of contact with 
the index case, PPE use (healthcare workers) and any 
symptoms of respiratory infection in the 10 days after 

last exposure. Contacts who developed any symptoms 
of acute respiratory infection in this period were asked 
to self-isolate in their homes (or were isolated in hospi-
tal if admitted) until asymptomatic. 

The airline provided details of passengers to the HPA 
to allow follow-up of those persons in the same row as 
the case and the two adjacent rows to the patient as per 
World Health Organization (WHO) guidance for severe 
acute respiratory syndrome (SARS) [9]. Passengers 
who were in the UK were followed up by the HPA to 
inform them of the potential exposure and determine 
whether they had developed symptoms of acute respir-
atory illness in the 10 days post exposure. UK authori-
ties informed relevant overseas national authorities 
directly about non-UK resident contacts on the flight 
through International Health Regulation mechanisms.

Laboratory investigation
Symptomatic contacts had respiratory samples taken 
(nose and throat swab, and sputum if they had a pro-
ductive cough) for testing for a panel of respiratory 
viruses (influenza virus, respiratory syncytial virus, 
parainfluenza virus types 1,2,3 and 4, adenovirus, 
rhinovirus, human metapneumovirus) and for nCoV. 
Criteria for laboratory confirmation of nCoV were Up E 
real-time PCR detection in two different laboratories [3] 
and detection of two other regions of the nCoV genome 
[3, HPA unpublished data].

In addition, nose and throat swabs were taken from a 
group of asymptomatic contacts of the three confirmed 
cases for nCoV testing to determine if there was evi-
dence of asymptomatic carriage.

Paired serum samples are being taken from all house-
hold and healthcare contacts regardless of symptoms 

Figure 1
Timeline of three novel coronavirus cases, United Kingdom, December 2012 to February 2013
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with the initial sample taken within seven days of last 
exposure and the second at least 21 days after the 
first. Once collected, samples will be tested for sero-
logical reactivity to nCoV.

Initial epidemiological 
investigation of cluster
By 28 February, tracing of contacts of the index case 
(Case 1) had identified 103 close contacts in the UK, 
including 59 healthcare workers in the two hospitals, 
20 household contacts of whom 15 also visited him at 
the hospital, 13 family and friends who visited the case 
in hospital, and 11 contacts during the flight who were 
UK residents or nationals. In addition there were nine 
non-UK flight contacts.

Based on available information, a number of healthcare 
workers with direct contact with Case 1 did not have 
full PPE, e.g. were not wearing an FFP3 mask. Seven 
of 59 healthcare workers developed mild, self-limiting 

respiratory symptoms in the 10 days after last contact. 
The nCoV was not detected by PCR in the respiratory 
samples of any of these seven symptomatic contacts 
(Figure 2). 

Six of the 20 household contacts of the index case 
developed acute respiratory symptoms in the 10 days 
since last exposure, of whom one progressed to severe 
illness requiring hospitalisation. This single hospi-
talised contact was subsequently confirmed to have 
nCoV infection (hereafter referred to as Case 2), and 
was also positive for type 2 parainfluenza virus. The 
remaining five symptomatic household contacts had 
mild self-limiting disease, and nCoV was not detected 
from their respiratory samples nor in any of the asymp-
tomatic household contacts of Case 1 that were tested 
(Figure 2). 

One of the 13 non-household contacts visiting Case 
1 at the hospital, hereafter referred to as Case 3, 

Figure 2
Outcome of contacta follow-up for 10 days after last exposure to index case for respiratory illness and nCoV infection, after 
entry to the United Kingdom, February 2013 (n=92) 
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developed an acute mild, respiratory illness, and nCoV 
was detected in a respiratory sample, as was type 2 
parainfluenza virus. 

Two of the 11 UK-based passengers reported respira-
tory symptoms: one had recovered by the time of inter-
view and did not have respiratory samples taken. In the 
other, nCoV was not detected from respiratory samples.

The periods of exposure of Case 2 and Case 3 to Case 
1 and the timelines of their illnesses are represented 
in Figure 1. 

Case 2 and his contacts
Case 2 was a male household member, who had an 
underlying malignant condition, the treatment of which 
is likely to have resulted in immunosuppression. He 
had not travelled overseas. Contact with the index case 
in a household setting occurred from the arrival of 
Case 1 in the UK until Case 1 was admitted to hospital 

on 31 January. Case 2 reportedly became unwell on 6 
February and was admitted to hospital on 9 February. 
He required intensive care and ECMO treatment. In a 
nose and throat swab taken on 10 February, nCoV and 
type 2 parainfluenza virus were detected. His respira-
tory condition deteriorated and he died on 17 February. 

A number of household contacts (four of 10), hospital 
visitors (one of one) and healthcare contacts (one of 
six) of Case 2 developed mild self-limiting respiratory 
illness in the 10 days after last exposure. In addition, 
case 2 had one neighbouring patient contact in the 
hospital, who did not develop symptoms. None had 
nCoV detected in respiratory samples (Figure 3). 

Case 3 and her contacts
Case 3 is an adult female family member of Case 1 who 
lived in a different household and had not recently trav-
elled abroad. She was exposed to Case 1 only while vis-
iting him in hospital on three separate occasions from 

Figure 3
Outcome of contact follow-up for 10 days after last exposure to Case 2 (secondary case) for respiratory illness and nCoV 
infection, United Kingdom, February 2013 (n=18 )
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1 to 4 February for a cumulative period of 2.5 hours, 
during which full PPE was not worn. During these vis-
its Case 1 was intubated on a closed ventilator circuit. 
Case 3 had no contact with Case 2 while he was unwell. 
Case 3 developed a self-limiting influenza-like illness 
starting on 5 February, one day after her last contact 
with Case 1. She did not require medical attendance 
for her illness and fully recovered after nine days. She 
tested positive for nCoV on a single sputum sample 
taken on 13 February and positive for type 2 parain-
fluenza virus on a nose and throat swab taken on 15 
February. Serology results are awaited. 

A total of 25 close contacts of Case 3 were identified 
(nine household contacts, 14 other contacts, and two 
healthcare workers) of whom three developed mild 
self-limiting respiratory illness in the 10 days post 
exposure. None of these, nor the asymptomatic con-
tacts that were tested, were found to have nCoV in res-
piratory samples (Figure 4). 

Of the 44 contacts of Cases 1, 2 and 3 who were 
swabbed, 11 had another respiratory virus detected in 
respiratory samples: rhinovirus (n=7), influenza A(H3) 
and type 2 parainfluenza virus (n=1), type 2 parainflu-
enza virus (n=1), type 3 parainfluenza virus (n=1) and 
metapneumovirus (n=2).

Public health implications 
We present evidence of limited person-to-person 
transmission of nCoV following contact with an index 
case returning to the UK from travel to Pakistan and 
Saudi Arabia. Neither of the two secondary cases that 
were detected had recently travelled and must there-
fore have acquired their infection in the UK. Both were 
extended family members and reported contact with 
the index case. One probably acquired the infection 
in a household setting and the other while visiting 
the index case in hospital. The nCoV was not detected 
among an additional 92 close contacts of the index 
case, or among the close contacts of the two secondary 
cases. These findings suggest that although person-
to-person infection is possible, there is no evidence at 
present of sustained person-to-person transmission of 
nCoV in the UK in relation to this cluster. The limited 
transmissibility is consistent with the data available to 
date, with only two other reports of small, self-limited 
clusters of severe disease in the Middle East: one in a 
healthcare setting and the other in a household setting 
[5]. Furthermore, intensive follow-up of close contacts 
of two other cases imported to European countries has 
failed to demonstrate onward transmission [10,11]. 

We found that the index case in this cluster was co-
infected with influenza. Type 2 parainfluenza virus was 

Figure 4
Outcome of contact follow-up for 10 days after last exposure to Case 3 (secondary case) for respiratory illness and nCoV 
infection, United Kingdom, February 2013 (n=25)
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detected in the two secondary cases. This raises ques-
tions about what roles these other infections might play 
in relation to nCoV transmissibility and/or the severity 
of the illness. In addition, as the index case was diag-
nosed initially with influenza, this lead to a delay in 
recognition of nCoV. This highlights the importance of 
considering a diagnosis of nCoV in atypical cases (in 
this case the poor response to antiviral drugs), even 
if a putative alternative diagnosis has already been 
made. HPA guidance has been adapted accordingly [7].

Although the transmissibility patterns of nCoV and 
SARS have been different to date, confirmed cases 
of nCoV reported globally have suggested a clinical 
picture similar to SARS, in particular the presenta-
tion with severe respiratory illness, with nine of the 15 
cases reported globally to date having died [12]. Two 
of the three cases we describe fit this clinical picture: 
two required ECMO treatment and one of them died. 
However, the third case presented with an acute self-
limiting respiratory infection that did not require hos-
pitalisation or medical attention. This first reported 
case of a milder nCoV illness raises the possibility 
that the spectrum of clinical disease maybe wider 
than initially envisaged, and that a significant propor-
tion of cases now or in the future might be milder or 
even asymptomatic. This highlights the importance of 
intensive contact tracing and virological and serologi-
cal follow-up around all confirmed cases of nCoV. The 
application of recently developed serological assays in 
one case¬–contact study did not provide evidence of 
asymptomatic infection, although the contacts inves-
tigated were exposed late in the case’s illness, when 
the viral load might be lower [11]. Paired sera are being 
gathered from contacts in this current investigation to 
determine whether there may have been more wide-
spread mild or asymptomatic infection.

The fact that the two secondary cases acquired their 
infection from an imported sporadic case has enabled 
a preliminary estimation of the incubation and serial 
intervals. The timing of onset of symptoms in the index 
and the two secondary cases and of exposure sug-
gests a putative incubation period ranging from one 
to nine days and a serial interval (time between onset 
of illness in index case and secondary case) of 13 to 
14 days. Although the data are extremely limited, the 
observed upper range of the incubation period is per-
haps more similar to that seen for SARS (usual range: 
two to 10 days) rather than seasonal coronavirus infec-
tion (usual range: two to five days) [13]. It is therefore 
not possible to ascertain with certainty whether the 
index case acquired his infection in Saudi Arabia or 
in Pakistan, although previous nCoV cases have been 
linked to the Middle East. This highlights the impor-
tance of gathering more information to determine risk 
factors for acquisition of infection.

All confirmed nCoV cases detected to date, apart from 
the two secondary cases in the UK cluster, spent time 
in the Middle East during the putative incubation 

period. This, together with our observations of limited 
secondary transmission, highlights the importance of 
ongoing vigilance and rapid investigation of cases of 
severe respiratory illness in residents of and travellers 
from that area. Further work is required to determine 
how widely nCoV is circulating globally. In particular 
serological investigations are needed on the extent of 
recent infection in various populations, as well as viro-
logical investigation of cases of severe undiagnosed 
respiratory illness in settings both in and beyond the 
Middle East.
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In May 2013, Middle East Respiratory Syndrome 
Coronavirus (MERS-CoV) infection was diagnosed in 
an adult male in France with severe respiratory illness, 
who had travelled to the United Arab Emirates before 
symptom onset. Contact tracing identified a second-
ary case in a patient hospitalised in the same hospi-
tal room. No other cases of MERS-CoV infection were 
identified among the index case’s 123 contacts, nor 
among 39 contacts of the secondary case, during the 
10-day follow-up period.

On 7 May 2013, Middle East Respiratory syndrome-Cor-
onavirus (MERS-CoV) infection was confirmed in France 
in a traveller who became ill after returning from the 
United Arab Emirates (index case). An investigation 
was immediately carried out among his contacts since 
onset of illness, as well as among individuals who had 
co-travelled with him to the United Arab Emirates. The 
aim of the investigation was to detect possible other 
cases and prevent human-to-human transmission. The 
secondary objective was to try to identify any likely cir-
cumstances of exposure to the virus during his travel.

MERS-CoV is a novel virus among the genus 
Betacoronavirus, which was initially identified in Saudi 
Arabia in September 2012, in two patients with severe 
pneumonia [1]. As of 7 May 2013, when the case in 
France was identified, 30 cases had been confirmed 
as infected with the virus worldwide, including four 

diagnosed in the United Kingdom (UK) and two in 
Germany [2,3]. 

Surveillance, contact tracing 
and case finding in France

French surveillance system
In France, suspected cases of MERS-CoV infection have 
to be reported by attending physicians to regional 
health agencies and hospital infection control teams. 
After validation of the classification as a possible case 
by a French Institute for Public Health Surveillance 
(InVS) regional office (CIRE), located in a regional 
health agency, a standardised notification form includ-
ing socio-demographical information, clinical details, 
and history of travel in at-risk countries is completed 
for each possible case.

Up to 17 May, a possible case was defined as follows: 

 (i) any patient with a history of travel in an at-risk coun-
try, who presented with clinical signs and/or imaging 
consistent with acute respiratory distress syndrome 
(ARDS) or pulmonary infection, encompassing fever 
≥38°C and cough within 10 days after return;
  (ii) any contact of a symptomatic possible or confirmed 
case, presenting with acute respiratory infection, what-
ever the severity, with an onset of symptoms within 10 
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days of the last contact with a possible/confirmed case 
while symptomatic.

The list of at-risk countries, as defined in European 
Centre for Disease Prevention and Control (ECDC) rapid 
risk assessment dated 7 December 2012, included, 
Bahrain, Iran Iraq, Israel, Jordan, Kuwait, Lebanon, 
Palestine, Oman, Qatar, Saudi Arabia, Syria, United 
Arab Emirates, and Yemen [4].

For each possible case, respiratory samples (naso-
pharyngeal aspiration/swab, bronchoalveolar lavage 
(BAL) fluid when indicated, or induced sputum) are col-
lected and sent to the National Reference Centres for 
influenza (Institut Pasteur, Paris (coordinating centre) 
or Hospices civils, Lyon) to be tested for the presence of 
MERS-CoV genome by real-time reverse transcriptase 
polymerase chain reaction (RT-PCR) [5,6]. 

A confirmed case is defined as a possible case with 
a positive MERS-CoV RT-PCR on respiratory samples 
[5,6].

Moreover, as part of the usual surveillance of both 
emerging or nosocomial infections, any cluster of hos-
pitalised patients or healthcare workers (HCW) pre-
senting with severe respiratory infections, regardless 
of any history of travel in at-risk countries, has to be 
notified to Public Health Authorities. 

Contact tracing and case finding
The contact tracing of all identified cases is imple-
mented as soon as the diagnosis is confirmed. Contacts 
are defined as all people who provided healthcare to a 
confirmed case without individual protection, shared 
the same hospital room, lived in the same household 
or shared any leisure or professional activity with a 
confirmed case since this case’s onset of clinical symp-
toms of MERS-CoV infection (respiratory, digestive or 
even isolated fever ≥38°C). All contacts are followed-up 
during a 10-day period (equal to the maximum incuba-
tion period according to the knowledge of the disease 
at the time of the investigation described in this 
report) after their last contact with the confirmed case 
to check for clinical symptoms, and asked to measure 
their body temperature twice a day. The follow-up con-
sists of daily calls from the InVS or CIRE for contacts 
who are not HCW or from the hospital infection control 
teams for HCW, to check for the occurrence of clinical 
symptoms and fever (≥38°C). Contacts are also pro-
vided with a hotline number to call anytime in case of 
any symptom. 

For confirmed cases with a history of travel in an at-
risk country, a contact tracing of all members of the 
travel group (co-travellers) is implemented. If the con-
firmed case had onset of symptoms during the travel, 
co-travellers are investigated as contacts. Because 
they potentially have been exposed to the same source 
of infection (co-exposed), co-travellers are followed-
up during a 10-day period after their return from an 

at-risk country. They are interviewed about the nature 
and date of their activities, exposure to people pre-
senting with respiratory symptoms, food consumption 
and exposures to animals, and to aerosols during the 
travel, in order to investigate the source of infection. 

The investigations are carried out with respect to 
French regulations (authorisation of the Commission 
Nationale Informatique et Libertés n°341194v42).

Detected confirmed cases
The index case was a 64 year-old male patient with 
a history of renal transplant, who had returned from 
the United Arab Emirates on 17 April. He had onset of 
symptoms on 22 April consisting of fever (38.9°C) and 
diarrhoea but no respiratory signs. He was admitted 
in hospital A on 23 April where he was hospitalised 
until 29 April. On 26 April, the patient presented with 
dyspnoea and cough; he was transferred to hospital B 
for a single calendar day to undergo a BAL in a spe-
cialised respiratory unit and was re-admitted in hospi-
tal A. On 29 April, he was transferred to hospital C in 
an intensive care unit (ICU). All hospitals were in the 
same department, whereby hospitals A and B were in 
the same town, while C and D were in two other towns. 
Possible MERS-CoV infection was suspected on 1 May 
and the index case was isolated and individual pre-
cautions implemented for HCW and visitors. MERS-
CoV infection was confirmed on 7 May. On 8 May, the 
index case was transferred to hospital D where he was 
admitted in ICU in a specialised unit with maximal pre-
cautions, including a negative pressure room. He died 
on 28 May 2013, 36 days after onset of symptoms. 

Case 2 was identified during the contact tracing of the 
index case. He was a 51-year-old male patient treated 
with steroids for several months prior to hospitalisa-
tion. He had no history of travel during the weeks 
before his hospitalisation. He shared with the index 
case a 20m2 room with a single bathroom in hospital 
A from 26 to 29 April, while the index case presented 
with respiratory symptoms (Figure). The beds in the 
room were 1.5 m apart [7]. He was discharged on 30 
April. Onset of symptoms suggestive of MERS-CoV 
infection occurred on 8 May, 12 days after first expo-
sure. He first presented with malaise, muscle pain and 
fever (38.5°C) in the afternoon, and cough later that 
day. As case 2 was known as a contact of the index 
case, he was admitted in the infectious diseases ward 
in hospital D and isolated on 9 May. MERS-CoV infec-
tion was confirmed during the night of 11 to 12 May. 
Case 2 was admitted in ICU on 12 May where he is still 
isolated with the same precautions as the index case.

Contact tracing 
The index case had travelled in the United Arab 
Emirates from 9 to 17 April 2013 with 37 co-travellers 
and his spouse. All co-travellers were interviewed 
from 10 to 13 May, and none had had any respiratory 
or digestive symptoms or fever, neither during the 
journey nor since their return. Except for the spouse, 
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as their interview took place 23 to 26 days after their 
last contact with the at the time asymptomatic index 
case, they were not followed-up. All had done the same 
itinerary and shared common activities with the index 
case. Their interview did not allow suggesting any 
hypothesis about the source of infection.

In total, 123 contacts exposed to the index case from 
his onset of symptoms (22 April) until his isolation (1 
May) were identified and interviewed from 8 to 10 May. 
Six of them were family members who visited the index 
case in hospital A. Other contacts were 88 HCW and 
two patients (including case 2) in hospital A, four HCW 
in hospital B, 20 HCW and three patients in hospital C. 
Of the five contacts who were patients, only case 2 had 
shared a room with the index case. No contacts were 
identified in hospital D, as maximal infection control 
precautions had been immediately taken. Seven of the 
total 123 contacts matched the case definition for pos-
sible cases and were therefore tested for MERS-CoV 
infection (samples were taken between one and six 
days after contacts became symptomatic): only case 2 
tested positive.

In total, 39 people were identified as contacts of case 
2: 30 had attended a party with case 2 on 8 May, two 
had visited him at home on 9 May before admission 
to hospital D, and seven had visited him at home on 9 
May and attended the party. Among those 39, 16 had a 

face-to-face conversation longer than 15 minutes with 
case 2 and were considered close contacts as described 
elsewhere [3]. All 39 contacts were interviewed on 12 
May, and followed-up until 19 May for those with last 
contact on 9 May (n=9), and until 18 May for others 
(n=30). As of 19 May, all were asymptomatic. 

Control measures 
As soon a MERS-CoV infection was confirmed, the 
index case and case 2 were isolated, using airborne 
and contact precautions, in a negative pressure room 
with dedicated staff [8]. Case 2 had to wear a surgical 
mask until his medical condition required mechanical 
ventilation, and HCW who took care of the patients had 
to wear a filtering face piece (FFP)2 mask [8].

Close contacts of case 2 were asked not to return to 
work or school until the end of the follow-up, and were 
provided with surgical masks to wear when not alone 
and alcohol based hand rub. Other contacts could go 
on with their usual activities but had to carry a mask, 
and in case of symptoms, wear it and immediately go 
back home and call the dedicated hotline [8]. Particular 
measures for close contacts were implemented after 
case 2 was diagnosed, and were therefore not applied 
to contacts of the index case.

Figure
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 

MERS-CoV: Middle East respiratory syndrome-Corona-Virus; UAE: United Arab Emirates.
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Both confirmed cases were notified to the ECDC and 
the World Health Organization (WHO), respectively on 
8 May and 12 May. 

Information about the disease and the outbreak was 
released to the public through the media, and to trav-
ellers via flyers and posters disseminated in airports. 
Specific information about the patients’ management 
was disseminated to healthcare professionals through 
mailing lists and institutions’ websites.

Discussion and conclusion
We report the investigation of the first two cases of 
MERS-CoV diagnosed in France since the emergence of 
the virus was first described in Saudi Arabia in 2012 
[1]. The index case diagnosed in France was imported 
from the United Arab Emirates, and the second case 
resulted from a nosocomial infection. Considering that 
both cases spent four days (26 to 29 April) in the same 
hospital room, the incubation period of case 2 ranged 
from nine to 12 days. This emphasises the need for 
gathering more clinical information from future and 
past cases to be able to determine precisely the incu-
bation period.

As of 7 June 2013, 55 cases were identified worldwide 
since the beginning of the worldwide outbreak [9], 
suggesting a limited human-to-human transmission, 
even if we assume that some cases may have not been 
diagnosed. 

The index case was initially admitted with an atypical 
presentation consisting of digestive symptoms but no 
respiratory signs. Therefore, MERS-CoV infection was 
not suspected until the patient was in ICU with severe 
pneumonia. This finding raised the importance of dis-
seminating information about emerging diseases in all 
hospital settings, including those wards that are not 
specialised in infectious diseases or critical care. 

In-hospital transmission has previously been described 
in England, in a family member who visited a confirmed 
case in hospital [10]. A hospital cluster suggestive of 
nosocomial transmission has also been reported in 
Saudi Arabia, although the details of the transmission 
are still under investigation [11]. In France, a second-
ary infection was diagnosed in another hospitalised 
patient with underlying condition and long-term ster-
oid treatment. The respiratory presentation of the 
index case strongly suggests an airborne transmission 
in the hospital room shared by both patients. However, 
some questions remain about the possible infectious-
ness of other body fluids or clinical samples, including 
stools as the index case presented with diarrhoea at 
an early stage of his disease, and a cross transmission 
through contaminated surfaces, medical devices or 
hands of HCW cannot be ruled out. During the severe 
acute respiratory syndrome (SARS) outbreak in 2003, a 
cluster of infections was detected in inhabitants of the 
same building. Virus aerosols originating from a flat 
where the index case of the cluster had had digestive 

symptoms, spread by drainage pipes, were assumed 
to be the origin of the infection of other cases in the 
cluster [12]. 

The large majority of reported MERS-CoV cases world-
wide had underlying conditions and presented with 
severe respiratory infection requiring hospitalisation 
in ICU. Atypical presentations in immunocompromised 
patients may be really challenging for clinicians, espe-
cially as digestive symptoms are very common in trav-
ellers. Based on the index case’s clinical presentation 
and on knowledge acquired from the SARS outbreak 
[13], the French case definition for possible cases was 
extended on 17 May to improve the sensitivity of the 
surveillance system. It now includes severe febrile clin-
ical signs or febrile diarrhoea in immunocompromised 
persons or in those with chronic underlying conditions, 
returning from an at-risk country [14]. 

Despite the identification of few infections since 2012, 
MERS-CoV has demonstrated a real potential for noso-
comial transmission, and stringent recommendations 
have to be implemented around possible cases as 
soon as MERS-CoV infection is suspected. The chal-
lenge presented by possible atypical presentations 
highlights the need for a better knowledge about both 
the virus and the disease.

Useful knowledge about the infection by MERS-CoV 
might be obtained from serological investigation in 
people who shared exposures of confirmed cases, or 
in contacts of confirmed cases. Such studies might 
help raising hypothesis about the extent of transmis-
sion and risk factors for infection and fatal outcome 
and must be encouraged. 
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Two cases of rapidly progressive acute respiratory 
infection in adults associated with a novel corona-
virus have generated an international public health 
response. The two infections were acquired three 
months apart, probably in Saudi Arabia and Qatar. An 
interim case definition has been elaborated and was 
published on the World Health Organization website 
on 25 September 2012.

Case 1
On 13 June 2012 a patient in their sixties presented 
with deteriorating pneumonia in Jeddah, Saudi Arabia 
and a seven day history of respiratory symptoms. The 
patient developed acute renal failure and died on 24 
June 2012. A novel beta-coronavirus was isolated in 
Saudi Arabia* and sequenced at the Erasmus Medical 
Centre (EMC) in Rotterdam, the Netherlands [1].

Case 2
On 11 September 2012 a patient in their forties with 
severe respiratory symptoms was evacuated from 
Qatar to a United Kingdom hospital and was admitted 
to intensive care there on 12 September.  The patient 
remains in hospital and has been on life support with 
pulmonary and renal failure. Extensive diagnostic 
tests for a causative agent were negative but on 21 
September a pan-coronavirus RT-PCR test performed 
on lower respiratory samples was positive for a con-
served sequence of the coronavirus polymerase gene 
[2]. Comparison with the nucleotide sequence at the 
EMC indicated a close match with the novel virus iso-
lated from Case 1.  Contacts of Case 2, many of them 
healthcare workers, are being actively identified, moni-
tored and investigated for coronavirus infection. Some 
of them have reported mild respiratory symptoms but 
none have tested positive for the novel virus or devel-
oped severe disease to date [3].

Background
Coronaviruses are globally distributed and are found 
in humans, other mammals and birds.  They are 

enveloped RNA viruses classified in alpha, beta and 
gamma genera. Up to one third of mild upper respira-
tory tract infections in adults are caused by human 
coronaviruses. The zoonotic severe acute respiratory 
syndrome (SARS) beta-coronavirus (SARS-CoV) caused 
the SARS outbreak in 2003 when over 900 people 
died. [4] Human coronaviruses are transmitted through 
direct contact with secretions and via aerosol droplets. 
Infected patients also excrete virus in faeces and urine 
and under certain circumstances, airborne transmis-
sion can occur from aerosolised respiratory secretions 
and faecal material [5].

The detection of a novel coronavirus associated with 
severe respiratory disease and renal failure requires 
urgent assessment and careful management. The 
United Kingdom Health Protection Agency (HPA) 
alerted European Union (EU) Member States and other 
countries via the Early Warning and Response System 
(EWRS) and International Health Regulations (IHR) 
mechanisms. 

Control measures
The HPA has recommended stringent control meas-
ures and developed an early case definition [6]. The 
European Centre for Disease Prevention and Control 
(ECDC) has developed a risk assessment in response to 
the cases [2]. A surveillance strategy has been agreed 
between ECDC and WHO with the first priority being to 
determine whether there are additional severe cases. 
The initial virology results and the separation in time 
of the only two confirmed cases suggest an infection 
that quite probably is of zoonotic origin and differ-
ent in behaviour from SARS [5]. It is essential to rule 
out there being additional severe undiagnosed cases, 
especially since the transfer of severely ill patients in 
air ambulances meant that cases may be missed by 
conventional surveillance that is based on clinical noti-
fication by the original diagnosing physician, particu-
larly primary care physicians. Hence the interim case 
definition has been developed with the aim of provid-
ing a high level of sensitivity for identifying cases ill 



25www.eurosurveillance.org

enough to require hospital care or having pneumonia 
while avoiding cases with only mild symptoms [7].  

Case definition
The case definition applies the established link that 
both cases stayed in the Arabian Peninsula but makes 
it conditional of hospitalisation or pneumonia, which 
means that cases with a link to an affected area but 
only mild symptoms do not require investigation.  The 
affected area is currently defined as Saudi Arabia and 
Qatar but can be expanded as needed.  Human coro-
naviruses have a short incubation period of 3 to 4 
days. The longest incubation period observed during 
the SARS outbreak was 12 days. However, this was an 
outlier and a pragmatic incubation period of up to 10 
days has been adopted for the case definition.  The 
case definition should be used by clinicians for decid-
ing which patients require investigation for possible 
novel coronavirus infection and which patients should 
be reported to national authorities. An interim case 
definition was published on the WHO website on 25 
September [8]. It is expected to be amended once more 
epidemiological and diagnostic information becomes 
available and clinicians and public health managers 
should stay updated with the latest version on the 
website. 

EU Member States have been requested to report 
patients meeting the case definition to ECDC through 
the EWRS and countries should continue to report 
probable or confirmed cases through the IHR contacts 
at WHO regional offices as mandated by the IHR. There 
is currently no rapid diagnostic test that easily con-
firms infection with this novel virus. Virus detection 
and serological testing is being developed by the HPA, 
the EMC and the University of Bonn, Germany and this 
was facilitated through close collaboration including 
the provision of preliminary sequences and a virus iso-
late between those institutions [9].

Infection control advice
The HPA has developed specific infection control advice 
for suspected or confirmed novel coronavirus cases. 
The guidelines take a strict precautionary approach, 
whereby patients are isolated in negative-pressure sin-
gle rooms or, if this is not possible then a single room 
with en-suite facilities. Full personal protective equip-
ment (PPE), including gowns, gloves and FFP3 masks 
are worn by staff and others having direct contact with 
the patient [6].

Conclusions
This situation is still evolving and there are many 
unknowns to consider in hypothesis generation and 
control measures. There is strong evidence that a novel 
virus caused the severe disease in the two patients. 
Based on this assumption it can be concluded that 
the virus poses an as yet poorly defined level of threat 
to people’s health. There may have been other cases 
in the past that were missed and serological testing 
of stored sera and other specimens from such cases 

will be important. Serological testing will also deter-
mine whether the two cases represent the most severe 
end of a spectrum of clinical presentations which also 
includes mild and asymptomatic infections or if they 
are isolated events. To date, the long period between 
occurrence of the two cases and the lack of secondary 
cases among contacts suggest the disease is poorly 
communicable in humans. Our assessment, based on 
the limited information currently available, is that the 
risk of wide spread transmission resulting in severe 
disease is low. However, the emergence of a novel cor-
onavirus requires a thorough assessment which is cur-
rently being coordinated at international level. 

The ECDC internal response team
Katrin Leitmeyer, Pete Kinross, Herve Zeller, Niklas 
Danielsson, Pasi Penttinen, Rene Snacken, Anna-Pelagia 
Magiorakos, Amanda Ozin, Romit Jain, Eve Robinson, Lara 
Payne Hellstrom, Angus Nicoll, Josep Jansa and Denis 
Coulombier. 

*Authors’ correction:
The country in which the virus was isolated was added on 28 
September 2012 at the request of the authors.
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Non-specific symptoms of acute respiratory viral 
infections make it difficult for many countries without 
ongoing transmission of a novel coronavirus to rule out 
other possibilities including influenza before isolating 
imported febrile individuals with a possible exposure 
history. The incubation period helps differential diag-
nosis, and up to two days is suggestive of influenza. 
It is worth including the incubation period in the case 
definition of novel coronavirus infection.

Introduction 
Two cases of severe respiratory infection have been 
confirmed as caused by a novel coronavirus [1]. The 
case definition has been issued by the World Health 
Organization (WHO), and is mainly based on acute 
respiratory illness, pneumonia (or suspicion of pulmo-
nary parenchymal disease) and travel history [2]. To 
describe the clinical characteristics of the novel coro-
navirus infection, the incubation period has played 
a key role in suspecting Saudi Arabia and Qatar as 
geographic locations of exposure for the two cases 
mentioned above [1,3]. The presumed length of the 
incubation period was compared with known incuba-
tion periods of human coronavirus infections including 
that of severe acute respiratory syndrome (SARS) [3,4]. 
The present study intends to point out that the incu-
bation period can be useful for all countries without 
ongoing transmission to distinguish the novel corona-
virus infection from other viral respiratory infections, 
most notably influenza.

Methods

Motivating case study
A preschool child from Saudi Arabia was admitted to 
a Hong Kong hospital equipped with an isolation ward 
in early October 2012, suspected of novel coronavirus 
infection. It had fever, cough and vomiting, but did not 
have pneumonia. One close contact had had a fever 
two days earlier, but had recovered before the day 
of admission [5]. Assuming that the contact was the 
source of infection, the serial interval was two days, 
which is typically longer than the incubation period 

[6,7], and thus, the incubation period is likely to have 
been two days or shorter. On the day following admis-
sion, the child tested negative for the novel coronavi-
rus, but positive for influenza A(H1N1)pdm09 [5]. 

A similar event, but involving two cases of severe 
pneumonia, occurred in Denmark: A cluster of febrile 
patients, some of whom had a travel history to Qatar 
and Saudi Arabia, was suspected of infection with the 
novel coronavirus. However, later laboratory testing 
revealed that the respiratory illnesses were caused by 
infection with an influenza B virus [8]. 

We believe that the distinction between coronavirus 
and influenza virus infections in these settings could 
have been facilitated by considering the length of the 
incubation period.

Bayesian model
Let  be the probability density function of the 
incubation period t of virus i governed by parameter 

. The incubation period distributions for a variety of 
acute upper respiratory viral infections have been fit-
ted to log-normal distributions elsewhere [4,9] and are 
assumed known hereafter. The median incubation peri-
ods of SARS, non-SARS human coronavirus infection, 
and influenza A and influenza B virus infections have 
been estimated at 4.0, 3.2, 1.4 and 0.6 days, respec-
tively [4]. It should be noted that the median incuba-
tion periods of influenza A and B have been estimated 
as shorter than those of coronaviruses. The incuba-
tion period  is assumed to be independent across 
different viruses i. Due to shortage of information, we 
ignore the time-dependence and geographic heteroge-
neity in the risk of infection for all viruses. The poste-
rior probability of novel coronavirus infection (which is 
labelled as i=1) given an incubation period t, Pr(novel 
coronavirus|t) is then obtained by using a Bayesian 
approach:

               (1)
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where qi denotes the prior probability of virus i (e.g. 
q1=Pr(novel coronavirus); the probability that the novel 
coronavirus is responsible for acute respiratory viral 
infection with unknown aetiology among all such infec-
tions), which can be equated to the relative frequency 
of virus i infection during a viral aetiological study 
(e.g. using the relative incidence by aetiological agent) 
[10,11]. Since the observed data are recorded on a daily 
basis, the incubation period in (1) is discretised as,

                       (2)

for t>0.

Since the prior probability qi is unknown for imported 
cases with acute respiratory illness, two conservative 
approaches, which would not lead to an underestima-
tion of the probability of novel coronavirus infection, 
should be taken. Such approaches include (i) allocat-
ing an equal probability as the prior probability for all 
possible viruses (e.g. for a differential diagnosis of two 
viral diseases, we allocate 0.5 for each) or (ii) using 
results from published viral aetiological studies among 
people with an acute respiratory disease (e.g. using 
virus detection results among influenza-like illness 
(ILI) patients). As an example for the latter approach, 
the observed numbers of coronavirus infections and 
influenza A and B virus infections among 177 ILI cases 
in children with known viral aetiology have been 12, 40 
and 5 cases, respectively, in Madagascar [12]. Here we 
focus on this particular dataset among children only, 
because the case in Hong Kong, whom we want to use 
to exemplify our theoretical idea, was of preschool age. 
Moreover, we used the data from Madagascar, because 
this study appeared informative as it closely investi-
gated the frequency of different types of human cor-
onaviruses among ILI cases in children [12]. It should 
be noted that n=12 in Madagascar does not represent 
the frequency of novel coronavirus infections, but the 
frequency of infections caused by other human coro-
naviruses, while the estimation of the posterior prob-
ability of novel coronavirus infection using equation (1) 
requires the prior probability of the novel coronavirus. 
Here we use this figure for the novel coronavirus, for 
the purposes of presenting of our theory.

Results
The Figure (panel A) shows the conditional probability 
of coronavirus infection given the incubation period 
(based on equation (1)), in a setting where one has 
to differentiate coronavirus infection from influenza 
virus infection, assuming an equal probability of 0.5 
for either virus. Assuming that the observed incuba-
tion period of the child in Hong Kong was two days, the 
probability of non-SARS human coronavirus infection is 
smaller than 0.1%. When using the incubation period of 
SARS as a reference to represent the incubation period 
of novel coronavirus, the probability of the coronavirus 

infection with a two-day incubation period is 15.7%. In 
other words, the probability of influenza A given a two-
day incubation period is as high as 99.9% and 84.3%, 
respectively, when comparing between influenza A and 
either non-SARS or SARS coronaviruses. Various con-
trol measures, including case isolation, contact tracing 
and laboratory testing can make use of this probability 
(e.g. contact tracing may assume that new generations 
of cases would arise on average every three days, con-
sistent with influenza transmission). A calculation for 
influenza B virus yielded qualitatively similar results 
(Figure, panel A).

It should be noted that the actual relative frequency of 
novel coronavirus is much smaller than that discussed 
here, due to the absence of substantial human-to-
human transmission events [3], while influenza A virus 
has already circulated in the human population. Thus, 
the posterior probability of novel coronavirus in real-
ity would be much smaller than that illustrated in the 
Figure. 

When we use the empirically observed frequency of 
human coronaviruses based on the viral aetiological 
study data among ILI cases in children (Figure, panel 
B), the probabilities of coronavirus and influenza A 
and B virus are estimated at <0.1%, 65.7% and 1.4%, 
respectively. It is remarkable that an ILI with the incu-
bation period of two days is most likely to be caused 
by influenza A virus. However, novel coronavirus may 
be suspected if the incubation period is in the order of 
three to five days.

Discussion
As demonstrated in this report, the probability of infec-
tion with novel coronavirus can be inferred from the 
incubation period of each single case with suspected 
infection, which we believe is useful for deciding on a 
public health alert level and the extent of movement 
restriction and contact tracing among imported cases 
of acute respiratory viral infection, especially with mild 
and non-specific symptoms. We have shown that an 
incubation period of two days or shorter is strongly 
suggestive of influenza, while an incubation period 
from three to five days could potentially be consistent 
with the incubation period of human coronaviruses. 
Of course, the implementation of isolation measures, 
contact tracing and other interventions would also 
depend on other factors including the perceived impor-
tance and cost of the interventions, but we have shown 
at least that the incubation period would yield sup-
plementary information for differential diagnosis and 
decision making. We believe that it is worth consider-
ing incorporating the incubation period into the case 
definition as soon as sufficient data on the incubation 
period have been collected.

In practice, the proposed approach suits case investi-
gations (or outbreak investigations) in which precise 
information of contacts is collected, because estimates 
of the incubation period are often available. However, 
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three common technical issues should be discussed. 
Firstly, as an infection event cannot be directly 
observed, multiple contacts can limit straightforward 
information on an incubation period. For instance, we 
cannot technically rule out the possibility that the child 
case in Hong Kong was exposed to someone other 
than the close contact before travelling to Hong Kong. 
Secondly, the incubation period tends to be crude, 
especially for the first few cases, e.g. when the length 
of travel with an exposure is long for imported cases. 
Thirdly, one cannot guarantee that the incubation 
period of a novel pathogen is always similar to that of 
closely related pathogens. For instance, the incubation 
period of Escherichia coli O104:H4 infection has been 
shown to be longer than that of E. coli O157:H7 [13]. To 
address the second and third point, it is essential to 

collect multiple datasets of the incubation period with 
a brief exposure. 

In addition to its value in differential diagnosis, con-
sidering the incubation period has important public 
health implications. Firstly, to help differential diagno-
sis during the course of an epidemic of any novel infec-
tious disease, the distribution should be estimated as 
early as possible. For this reason, the detailed travel 
history of imported cases should be explored, as it can 
inform the distribution of incubation periods [9,14]. 
Moreover, outbreak reports, including case reports, 
should explicitly and routinely document the detailed 
history of exposure (e.g. the length and timing of expo-
sure along with the illness onset date) of all cases. 
Secondly, the overall risk estimate (e.g. the relative 

Figure
Probability of coronavirus infection given the incubation period of a case
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A. The probability of coronavirus infection given the incubation period, when comparing between coronavirus infection and influenza  
virus infection as possible diagnoses. We use 50% probability for each of the two viruses (i.e. coronavirus versus influenza virus) for a 
conservative argument to avoid an underestimation of the risk of novel coronavirus. Since known coronaviruses are classified into severe 
acute respiratory syndrome (SARS)-associated virus and non-SARS viruses, and because influenza viruses are crudely classified as type A 
and B viruses, there are four possible combinations for comparison. HCoV stands for human coronavirus infection other than severe acute 
respiratory syndrome (SARS).

B. The probability of coronavirus infection given the incubation period, using empirically observed viral aetiology data as a prior information 
among influenza-like illness cases in Madagascar [12] with a total of n=177 samples for those aged younger than five years. The observed 
number of isolates, i.e. Influenza A (n=40), Influenza B (n=5), HCoV (n=12) and others (n=120), were used to calculate qi in equation (1). 
n=12 for ordinary HCoV is here used as if it gave the frequency of a novel coronavirus, for the purpose pf presenting our theory. The 
incubation periods of viruses other than influenza viruses and human coronaviruses were assumed to be uniformly distributed from  
day 1 to day 10, for a conservative argument to avoid an underestimation of the probability of novel coronavirus.
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incidence) would be essential to validate the proposed 
Bayesian model (1), although in reality, the prior prob-
ability varies considerably with time and place. To 
understand the ongoing risk of infection with a novel 
virus explicitly, a population-wide serological survey, 
which allows to infer at least the cumulative incidence, 
would be a useful method to offer insights into the aeti-
ology. Finally, while estimating the relative probabil-
ity of alternative aetiologies can help with diagnosis, 
decisions on possible control measures (such as isola-
tion of cases) could also be affected by other concerns 
including reduction in the risk of larger outbreaks. 
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We present two real-time reverse-transcription poly-
merase chain reaction assays for a novel human 
coronavirus (CoV), targeting regions upstream of the 
E gene (upE) or within open reading frame (ORF)1b, 
respectively.  Sensitivity for upE is 3.4 copies per 
reaction (95% confidence interval (CI): 2.5–6.9 cop-
ies) or 291 copies/mL of sample.  No cross-reactivity 
was observed with coronaviruses OC43, NL63, 229E, 
SARS-CoV, nor with 92 clinical specimens containing 
common human respiratory viruses. We recommend 
using upE for screening and ORF1b for confirmation.

Introduction
Coronaviruses (CoV) are large positive-stranded RNA 
viruses causing mainly respiratory and enteric dis-
ease in a range of animals and in humans. Humans are 
known to maintain circulation of four different human 
coronaviruses (hCoV) at a global population level. 
These are part of the spectrum of agents that cause the 
common cold. The SARS-CoV constitutes a fifth hCoV, 
which was in circulation for a limited time during 2002 
and 2003, when a novel virus appeared in humans and 
caused an outbreak affecting at least 8,000 people. 
Mortality was high, at ca. 10% [1]. Symptoms matched 
the clinical picture of acute primary viral pneumonia, 
termed severe acute respiratory syndrome (SARS). 

During September 2012, health authorities were noti-
fied of two cases of severe hCoV infection caused by 
a novel virus type. Both patients had travelled, or 
resided, in Saudi Arabia. Laboratories dealing with 
each of these unlinked cases were situated in Jeddah, 
Rotterdam and London, respectively. 

In a collaborative activity co-ordinated by major 
European and national epidemic response networks 
we have developed diagnostic real-time reverse-tran-
scription polymerase chain reaction (RT-PCR) assays 

suitable for qualitative and quantitative detection of 
the new agent. Here we summarise the technical evalu-
ation and analytical performance of these assays. 

Materials and methods

Template for design of assays
A provisional genome sequence as well as an isolate of 
the new virus were obtained from author RM Fouchier 
on 24 September 2012, after public notification of the 
second case case, who was in the United Kingdom 
(UK), to be most probably infected by the same virus as 
the first case, yet unrelated. The sequence (GenBank 
accession number: JX869059 for the Rotterdam virus 
isolate, termed hCoV-EMC) served as the template for 
assay design, and the virus was used for initial valida-
tion experiments.   

Clinical samples
Respiratory swab, sputum, and endotracheal aspirate 
material was obtained during 2010–2012 from sev-
eral hospital wards of the University of Bonn Medical 
Centre. 

Cell culture
Vero cells were infected with a the cell culture isolate 
(unpublished data) at two different doses (multiplici-
ties of infection (MOI) of ca. 0.1 and ca. 10 TCID50 per 
cell) and harvested after 0, 12, 24, and 36 hours for 
RT-PCR analysis.

RNA extraction 
RNA was extracted from the samples as described ear-
lier [2] by using a viral RNA mini kit (Qiagen). Sputum 
samples were pretreated with 2× sputum lysis buffer 
(10 g of N-acetylcysteine/litre, 0.9% sodium chloride) 
for 30 minutes in a shaking incubator. Swabs were 
immersed in lysis buffer. 
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Real-time reverse-transcription 
polymerase chain reaction screening 
assay upstream of E gene (upE assay)
A 25-μl reaction was set up containing 5 μl of RNA, 
12.5 μl of 2 X reaction buffer provided with the 
Superscript III one step RT-PCR system with Platinum 
Taq Polymerase (Invitrogen; containing 0.4 mM of each 
dNTP and 3.2 mM Magnesium sulfate), 1 μl of reverse 
transcriptase/Taq mixture from the kit, 0.4 µl of a 
50 mM magnesium sulfate solution (Invitrogen – not 
provided with the kit), 1 μg of non-acetylated bovine 
serum albumin (Sigma), 400 nM concentrations of 
primer upE-Fwd (GCAACGCGCGATTCAGTT)  and primer 
upE-Rev (GCCTCTACACGGGACCCATA), as well as 200 
nM of probe upE-Prb (6-carboxyfluorescein [FAM])-
CTCTTCACATAATCGCCCCGAGCTCG-6-carboxy-N,N,N,N´-
tetramethylrhodamine [TAMRA]). All oligonucleotides 
were synthesized and provided by Tib-Molbiol, Berlin. 
Thermal cycling involved 55°C for 20 min, followed by 
95°C for 3 min and then 45 cycles of 95°C for 15 s, 58°C 
for 30 s. 
It should be mentioned that common one-step real-
time RT-PCR kits formulated for application with probes 
should all provide satisfactory results with default 
reaction mix compositions as suggested by manufac-
turers. In the particular case of our formulation the 
bovine serum albumin can be omitted if using a PCR 

instrument with plastic tubes. The component only 
serves the purpose of enabling glass capillary-based 
PCR cycling.  

Real-time reverse-transcription polymerase 
chain reaction confirmatory assay 
(open reading frame (ORF)1b gene)
The assay had the same conditions as for the upE 
RT-PCR, except primer and probe sequences were 
ORF1b-Fwd (TTCGATGTTGAGGGTGCTCAT), primer 
ORF1b-Rev (TCACACCAGTTGAAAATCCTAATTG), 
and probe ORF1b-Prb (6-carboxyfluorescein  
[FAM])- CCCGTAATGCATGTGGCACCAATGT-6-carboxy-
N,N,N,N´-tetramethylrhodamine [TAMRA]). This target 
gene did not overlap with those of known pan-CoV 
assays [3-5].

In-vitro transcribed RNA controls
PCR fragments covering the target regions of both 
assays, and some additional flanking nucleo-
tides (‘peri-amplicon fragments‘), were gener-
ated using primers CTTCTCATGGTATGGTCCCTGT 
and AAGCCATACACACCAAGAGTGT for the upE 
assay, and CGAGTGATGAGCTTTGCGTGA and 
CCTTATGCATAAGAGGCACGAG for the ORF1b assay. 
Products were ligated into pCR 4 plasmid vectors and 
cloned in Escherichia coli by means of a pCR 4-TOPO TA 

Figure 1
Replication of hCoV-EMC monitored by the upE and ORF1b RT-PCR assays, 2012 
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Vero cells were infected with hCoV-EMC at two different doses (MOI: ca. 10 and MOI: ca. 0.1) and standardised samples taken at different time 
points (after 0, 12, 24, and 36 hours) were tested by the upE and ORF1b RT-PCR assays. 
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cloning reagent set (Invitrogen). Plasmids were exam-
ined for correct orientation of inserts by PCR, purified, 
and re-amplified with plasmid-specific primers from 
the reagent set to reduce the plasmid background in 
subsequent in vitro transcription. Products were tran-
scribed into RNA with the MegaScript T7 in vitro tran-
scription reagent set (Ambion). After DNase I digestion, 
RNA transcripts were purified with Qiagen RNeasy col-
umns and quantified photometrically. All transcript 
dilutions were carried out in nuclease-free water con-
taining 10 µg/mL carrier RNA (Qiagen). 

Determination of analytical sensitivities 
of real-time reverse-transcription 
polymerase chain reaction methods
Series of eight parallel reactions per concentration step 
were prepared and tested by the respective RT-PCR 
to determine concentration-dependent hit rates. Hit 
rates were subjected to probit regression analysis in 
StatgraphicsPlus software (version 5.0; Statistical 
Graphics Corp.).

Specificity of the assays
Assay specificity was determined using high-titred 
virus stock solutions, as well as clinical samples known 
to contain respiratory viruses. All material stemmed 
from the in-house strain and sample collection of 
University of Bonn, Institute of Virology. Identities and 
virus RNA concentrations were re-confirmed by specific 
real-time RT-PCRs for each virus before the experiment. 
Measured RNA concentrations are listed below along 
with the recorded stock virus titres.  

Results
Upon scanning of a provisional genome assembly, a 
region upstream of the putative E gene was identified 
as a particularly suitable target region for a real-time 
RT-PCR assay.  The assay designed for this region is 
hereafter referred to as the upE-assay. A confirmatory 
test was designed in the open reading frame 1b (termed 
the ORF1b assay). This target gene did not overlap with 
those of known pan-CoV assays [3-5]. 

In order to obtain an estimate of the end point sen-
sitivity of the assays, they were applied to cell cul-
ture-derived virus stock. The virus had a titre of  
1.26 x 107 median tissue culture infective dose (TCID50)/
mL. In limiting dilution experiments, the upE and ORF1b 
assays detected down to 0.01 and 0.1 TCID50 per reac-
tion, respectively. The discrepancy between assays 
might be due to release of subgenomic RNA after onset 
of cytopathogenic effect (CPE) in cell culture, including 
the upE target fragment. As shown in Figure 1, PCRs 
on these samples indicated no divergence between the 
assays after onset of CPE (observed at 24h onwards). 
However, both assays deviated from each other by 
constant numbers of Ct values over the full duration of 
incubation, including time 0 (T0) when the cells were 
just infected and when no subgenomic RNA could have 
been present. It was concluded that the higher Ct val-
ues at each time point, and the lower dilution end point 

Figure 2
Probit regression analysis to determine limit of detection 
for the upE and ORF1b assays, 2012
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for the ORF1b assay indicated that this assay had a 
lower sensitivity. 

A more detailed assessment of technical sensitivity can 
be achieved using quantified, in-vitro transcribed RNA 
derived from the peri-amplicon region of each assay. 
These transcripts were generated and tested in serial 
ten-fold dilution experiments. Detection end points 
were two copies per reaction for the upE assay, and 10 
copies per reaction for the confirmatory, ORF1b gene, 
assay. To obtain a statistically robust assessment of 
Limit Of Detection (LOD), transcripts were also tested 
in multiple parallel reactions in smaller dilution inter-
vals above and below the end-point PCR limits. The 
results in terms of the fraction of positive reactions at 
each concentration were subjected to probit regression 
analysis and plotted as shown in Figure 2, where panel 
A shows the upE assay and panel B the ORF1b assay. 
The resulting LODs are summarised in Table 1. Based 
on the upE assay with a detection limit of 3.4 copies 
per reaction, and a cell-culture endpoint equivalent 
to 0.01 TCID50 per reaction, it was calculated that the 
RNA/infectious unit ratio of the virus stock must have 
been ca. 29 (100/3.4). 

To exclude non-specific reactivity of oligonucleotides 
among each other, all formulations were tested 40 
times in parallel with assays containing water and no 
other nucleic acids except the provided oligonucleo-
tides. In none of these reactions was any positive sig-
nal seen. Cross-reactivity with known, heterospecific 
human CoVs was excluded by testing high-titred cell 
culture materials as summarised in Table 1. It should 
be noted that the unculturable hCoV-HKU1 was not 
included in these experiments. 

To obtain a more clinically relevant figure on assay 
specificity, the assays were applied on 92 original 
clinical samples in which other respiratory viruses 
had already been detected during routine respiratory 
screening at Bonn University Medical Centre. These 
samples were prepared using the Qiagen Viral RNA kit, 
a formulation widely used to extract RNA in clinical lab-
oratories. Of note, the tested panel included four sam-
ples containing hCoV-HKU1, which was not available as 
cultured virus stock. In total, none of the 92 original 
clinical samples as presented in Table 2, containing a 
wide range of respiratory viruses, gave any detection 
signal with either assay while positive controls were 
readily detected. It was concluded that the assay could 
be reliably applied to clinical samples. 

Preliminary testing was also done on a patient hospi-
talised with acute infection during preparation of this 
report (Authors R Gopal and M Zambon, own unpub-
lished observations). Both assays provided very clear 
amplification signal on various clinical samples. The 
upE assay again appeared more sensitive than the 
ORF1b assay. 

Discussion
Here we provide the technical background data for 
RT-PCR assays developed in rapid response to the 
emergence of a novel human CoV (GenBank accession 
number: JX869059 for the Rotterdam virus isolate, 
termed hCoV-EMC). 

Cell culture-derived virus is a useful source of refer-
ence material for the evaluation of molecular detection 
assays. However, detection end points determined on 
cell culture-derived virus are difficult to correlate to 
virus titre. Reasons include the discrepancy between 

Experiment upE assay ORF1b assay

Detection end point for cell culture-derived virus 0.01 TCID50/reaction 0.1 TCID50/reaction

Technical LOD 3.4 RNA copies/reaction  
(95% CI: 2.5–6.9 copies/reaction)

64 RNA copies/reaction
(95% CI: 47–126 copies/reaction)

Cross-reactivity with hCoV-229E No reactivity with virus containing 105 PFU/mL 
(3 x 109 RNA copies/mL)

Cross-reactivity with hCoV-NL63 No reactivity with virus containing 106 PFU/mL
(4 x 109 copies/mL)

Cross-reactivity with hCoV-OC43 No reactivity with virus containing 5 X 105 PFU/mL
(3 x 1010 copies/mL)

Cross-reactivity with SARS-CoV No reactivity with virus containing 3 x 106 PFU/mL
(5 x 1010 copies/mL)

CI: confidence interval CoV: corona virus; LOD: limit of detection; ORF: open reading frame; PFU: plaque forming units; TCID50: median tissue 
culture infective dose; upE: upstream of the E gene.

Table 1
Results of sensitivity and specificity tests for hCoV-EMC assays, 2012*
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infectious viral particles and the number of copies 
of viral RNA, as well as the imbalance between viral 
genomic and subgenomic transcripts in the particular 
case of CoVs. This is important for laboratories using 
cell-cultured virus as reference, but also in the clinical 
setting. For example, SARS-CoV assays targeting struc-
tural protein genes tend to be slightly more sensitive 
than ORF1b-based assays when applied to clinical sam-
ples [6]. For the novel virus the ratio of RNA copies per 
infectious unit was ca. 29, while little imbalance seems 
to exist between genomic and subgenomic RNA in Vero 
cells up to 36 h post infection. 

While we are not addressing the issue of quantita-
tive PCR in this report, it should be mentioned that 
the availability of synthetic RNA standards enables 
immediate implementation of quantitative virus detec-
tion that is essential for case management and public 
health. Quantitative virus data can help assess the 
height and duration of virus excretion, and can also be 
useful as an early and robust parameter for the success 
of treatment [2,7,8]. Here we have used synthetic RNA 
to determine technical limits of detection in the style 
of standards applied by industry, taking inter-assay 
variation into account and providing statistically robust 
detection end points based on physically quantified 
target genes, which is impossible to achieve on cell-
cultured virus. It is important to note that the detec-
tion limits we describe here are expressed as copies 
per reaction. We have chosen not to translate these 
numbers into other terms such as ’copies per ml of 
sputum‘, ’copies per swab sample‘, or ’copies per gram 
of faeces‘. Such transformations vary greatly between 
different RNA extraction methods and clinical materi-
als. However, we can project that the level of sensi-
tivity, particularly for the upE assay, is very similar 
to those levels achieved with most advanced RT-PCR 
assays developed for the SARS-CoV [6,8]. For example, 
the Qiagen Viral RNA kit with an input volume of 140 
µl of sample and an elution volume of 60 µl as recom-
mended by the manufacturer involves a conversion 
factor of 85.7 between copies per reaction and copies 
per mL of sample. The upE assay should thus detect 
as little as ca. 291 copies per mL of sputum with 95% 
certainty. For solid samples such as swabs, which can 
be dipped into the lysis buffer, the resulting conversion 
factor is 12, resulting in a projected capability of the 
assay to detect as little as ca. 41 copies per swab with 
95% certainty.  

In this regard it is highly important to remember practi-
cal experiences made with SARS-CoV detection. Even 
with the highest levels of RT-PCR sensitivity it turned 
out that not all patients retrospectively shown to sero-
convert could be diagnosed by RT-PCR in the acute 
phase of disease [6,8,9]. This has been ascribed to the 
fact the SARS-CoV replication occurs predominantly in 
the lower respiratory tract due to the anatomical locali-
sation of its entry receptor, Angiotensin-converting 
enzyme 2 (ACE2). Should the novel virus use the same 
receptor, we might see a similar distribution of virus, 

and similar challenges in clinical application of molec-
ular diagnostics. Studies of virus concentration in 
clinical samples are underway to address these highly 
critical issues. 
 
Specificity is a very important issue in rare, highly criti-
cal virus infections for which a broad number of differ-
ential diagnoses exist. The risk associated with false 
positive PCR results posed a challenge in development 
of the assays described here. First, real-time PCR can 
yield artificial signals due to technical interference 
of oligonucleotides involved in the assay (resembling 
primer dimers in which probe sequences participate). 
These may be observed at infrequent intervals due to 
the statistical nature of nonspecific random molecu-
lar interactions. We have taken care to exclude the 
occurrence of those signals by testing large series of 
water-containing assays. Second, any virus detection 
assay might cross-react with related viruses, and there 
is worldwide circulation of four different human CoVs. 
Viral stock solutions were tested in order to exclude 
cross-reactivity even on high-titred materials. In spite 
of the favourable outcome of this experiment, it should 

Virus Number of  
samples tested

Parainfluenza virus

    Parainfluenza 1 virus 5

    Parainfluenza 2 virus 5

    Parainfluenza 3 virus 8

    Parainfluenza 4 virus 1

Respiratory syncytial virus 7

Human metapneumovirus 8

Coronavirus

    hCoV-NL63 6

    hCoV-OC43 4

    hCoV-229E 2

    hCoV-HKU1 4

Rhinovirus 8

Enterovirus 9

Adenovirus 8

Human Parechovirus

    Type 1 5

    Type 3 3

Influenza A (H1N1,  H3N2) 9

Influenza B 2

Total 92

Table 2
Known respiratory viruses in clinical samples used for 
testing the specificity of hCoV-EMC assays, 2012
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be mentioned that of the two assays investigated, the 
target gene of the ORF1b-based assay was most con-
served between CoV. The genetic range of known CoV 
from animals is larger than those human viruses tested 
here. Theoretical comparisons between genomes of 
these viruses and our ORF1b assay suggested no risk 
of significant cross-reactivity (not shown). However, in 
absence of further investigation we tend to recommend 
using the upE assay for case management. This is also 
due to the lower sensitivity of the ORF1b assay.

The final proof of assay specificity was provided in a 
set of clinical samples that was assembled to realis-
tically reflect the composition of patient groups pre-
senting with Acute respiratory infections (ARI). Of note, 
also the four ‘common-cold coronaviruses’ hCoV-NL63, 
-229E, -OC43, and -HKU1 were included in this panel. 
Consequentially, we can say from these data that typi-
cal human CoV will not cross-react with the assay, even 
under adverse conditions such as those created by the 
additional presence of patient-derived nucleic acid and 
other components typical of clinical samples that may 
all interfere with the performance of PCR. 

The open availability of proven diagnostic assays early 
in an epidemic is useful in order to equip and prepare 
public health laboratories efficiently [10,11]. However, 
there is a number of caveats associated with the wide 
and largely uncontrolled provision of such technol-
ogy during the very early phase of an epidemic. In this 
phase public health authorities around the world have 
to monitor the development of case statistics in order 
to make projections and attain epidemic risk assess-
ment. The notification of false positive laboratory 
results can be highly detrimental during this phase of 
the epidemic. 

The authors of this paper will provide in-vitro tran-
scribed RNA controls to health professionals (refer to 
Acknowledgements section) but will not be able to pro-
vide intense technical advice.  Authors will follow the 
policy of providing only one control, namely that for the 
upE assay, in order to minimise opportunities for acci-
dental laboratory contamination. If laboratories find 
patient samples positive by the upE assay and control, 
they can conduct confirmatory testing using the ORF1b 
assay. A positive result in this test would most likely 
not be due to contamination. Of note, the target gene 
of our ORF1b assay does not overlap with that of other, 
so-called ‘pan-CoV’ assays [3-5], excluding the possi-
bility of contaminating our assay with high-titred con-
trols or PCR products from these assays. 

In this light we should mention that we have been 
working on an N gene-based assay as well, but our 
experience with testing clinical material strongly sug-
gests N-gene assays should not be used for diagnostic 
application for the time being, i.e., as long as no direct 
sequence information of the N gene is available from 
clinical samples.
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We present a rigorously validated and highly sensi-
tive confirmatory real-time RT-PCR assay (1A assay) 
that can be used in combination with the previously 
reported upE assay. Two additional RT-PCR assays for 
sequencing are described, targeting the RdRp gene 
(RdRpSeq assay) and N gene (NSeq assay), where an 
insertion/deletion polymorphism might exist among 
different hCoV-EMC strains. Finally, a simplified and 
biologically safe protocol for detection of antibody 
response by immunofluorescence microscopy was 
developed using convalescent patient serum.

Introduction
A novel human coronavirus, hCoV-EMC, has recently 
emerged in the Middle East region [1-3]. The virus has 
caused severe acute respiratory infection (SARI) in at 
least nine patients to date. Latest reports from the 
World Health Organization (WHO) suggest that infec-
tions have occurred since April 2012, as hCoV-EMC was 
found retrospectively in two patients from a group of 11 
epidemiologically linked cases of SARI in Jordan, eight 
of whom were healthcare workers [4]. 

We have recently presented methods for the rapid 
detection of hCoV-EMC by real-time reverse transcrip-
tion polymerase chain reaction (RT-PCR) [2]. One of 
these protocols, the upE gene assay, has been used 
as a first-line diagnostic assay for all human cases to 
date. More than 100 laboratories worldwide have since 
been equipped with positive-control material neces-
sary to conduct the upE assay. We also presented a 
confirmatory RT-PCR assay targeting the open read-
ing frame (ORF) 1b gene, with slightly lower sensitivity 
than the upE assay. 

In view of the growing knowledge of the epidemiology 
of hCoV-EMC infections, WHO is continuously updating 

its guidelines for laboratory testing. During an expert 
consultation on 28 November 2012, it was concluded 
that first-line screening should involve the upE assay 
[2]. Confirmatory testing can involve any appropriately 
validated RT-PCR assay for alternative targets within 
the viral genome, followed by sequencing of at least a 
portion of one viral gene that can then be compared 
with hCoV-EMC sequences deposited in GenBank. 

Recent investigations into a cluster of cases in Saudi 
Arabia have revealed the possibility that the virus may 
not be detected by RT-PCR in all patients with symp-
toms and proven epidemiological linkage [5]. From our 
previous experience during the severe acute respira-
tory syndrome (SARS) epidemic in 2003, such issues 
were predicted to occur when testing by RT-PCR alone 
[2]. In SARS patients, in particular those seen more 
than 10 days after symptom onset, serological testing 
by immunofluorescence assay (IFA) has been success-
fully used to complement RT-PCR findings [6,7].

On 22 November 2012, German health authorities were 
notified of a patient who had been treated for SARI in a 
hospital in Essen, Germany [5]. On the basis of clinical 
samples from this case, we present here a set of vali-
dated assays for the confirmation of cases of hCoV-EMC 
infection, including a confirmatory real-time RT-PCR 
assay in the ORF1a gene, two sequencing amplicons in 
the RNA-dependent RNA polymerase (RdRp) and nucle-
ocapsid (N) protein genes, as well as a straightforward 
methodology for biologically safe immunofluorescence 
testing. 
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Methods

RT-PCR assays for the screening and 
confirmation of infections with hCoV-EMC
Figure 1 provides a summary of the target regions 
on the viral genome for screening, confirmation and 
sequence determination. Documentation on sources of 
materials used is provided in the Acknowledgements 
section.

RNA preparation
The procedures for RNA preparation have been 
described previously [2]. 

Confirmatory real-time RT-PCR 
assay in ORF 1a (1A assay)
A 25 µl reaction was set up containing 5 µl of RNA, 
12.5 µl of 2 X reaction buffer from the Superscript III 
one step RT-PCR system with Platinum Taq Polymerase 
(Invitrogen; containing 0.4 mM of each dNTP and 3.2 
mM MgSO4), 1 µl of reverse transcriptase/Taq mixture 
from the kit, 0.4 µl of a 50 mM MgCl2 solution (Invitrogen 
– not provided with the kit), 1 μg of non-acetylated 
bovine serum albumin (Sigma), 400 nM of primers 
EMC-Orf1a-Fwd (CCACTACTCCCATTTCGTCAG) and EMC-
Orf1a-Rev (CAGTATGTGTAGTGCGCATATAAGCA), as well 
as 200 nM of probe EMCOrf1a-Prb (6-carboxyfluores-
cein (FAM)-TTGCAAATTGGCTTGCCCCCACT -6-carboxy-
N,N,N,N´-tetramethylrhodamine (TAMRA)). Thermal 
cycling was performed at 55 °C for 20 min for the RT, 
followed by 95 °C for 3 min and then 45 cycles of 95 °C 
for 15 s, 58 °C for 30 s.

RT-PCR for generating amplicons 
for sequencing the RdRp gene 
target (RdRpSeq assay)
For the first round, a 25 µl reaction was set up contain-
ing 5 µl of RNA, 12.5 µl of 2 X reaction buffer from the 
Superscript III one step RT-PCR system with Platinum 
Taq Polymerase (Invitrogen; containing 0.4 mM of each 
dNTP and 3.2 mM MgSO4), 1 µl of reverse transcriptase/
Taq mixture from the kit, 0.4 µl of a 50 mM MgSO4 

 solution (Invitrogen – not provided with the kit), 1 μg 
of non-acetylated bovine serum albumin (Sigma), 400 
nM of each primer RdRpSeq-Fwd (TGC TAT WAG TGC 
TAA GAA TAG RGC; R=A/G, W=A/T) and RdRpSeq-Rev 
(GCA TWG CNC WGT CAC ACT TAG G; W=A/T, N=A/C/
T/G). Thermal cycling was performed at 50 °C for 20 
min, followed by 95 °C for 3 min and then 45 cycles of 
95 °C for 15 s, 56 °C for 15 s and 72 °C for 30 s, with a 
terminal elongation step of 72 °C for 2 min.

In cases where no amplification products were obtained 
with the RT-PCR assay, a 50 µl second-round reaction 
was set up containing 1 µl of reaction mixture from the 
first round, 5 µl of 10 X reaction buffer provided with 
the Platinum Taq Polymerase Kit (Invitrogen), 2 µl of a 
50 mM MgCl2 solution (provided with the kit), 200 µM 
of each dNTP, 400 nM concentrations of each second 
round primer RdRpSeq-Fwd (the same as in the first 
round) and RdRpSeq-Rnest (CAC TTA GGR TAR TCC CAW 
CCC A) and 0.2 μl of Platinum Taq from the kit. Thermal 
cycling was performed at 95 °C for 3 min and 45 cycles 
of 95 °C for 15 s, 56 °C for 15 s and 72 °C for 30 s, fol-
lowed by a 2 min extension step at 72 °C.

Figure 1
RT-PCR target regions for screening, confirmation and sequencing of novel human coronavirus (hCoV-EMC)

Orf1abOrf1a

15,049−15,290 18,266−18,347 27,458−27,550 29,549−29,860

E M NS

RdRpSeq1A ORF1b upE NSeq
11,197−11,280

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 ORF1a 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 E gene). The NSeq 
assay is a hemi-nested sequencing amplicon presented in this study (target in N gene). 
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RT-PCR for sequencing in the N gene 
(NSeq assay)
The assay employed the same conditions as the 
RdRpSeq assay, except that the primer sequences were  
NSeq-Fwd (CCT TCG GTA CAG TGG AGC CA) and NSeq-
Rev (GAT GGG GTT GCC AAA CAC AAA C) for the first 
round and NSeq-Fnest (TGA CCC AAA GAA TCC CAA CTA 
C) and NSeq-Rev (the same as in the first round) for 
the second round. The second round was only done if 
no product was visible by agarose gel electrophoresis 
after the first round.

Virus quantification by real-time RT-
PCR using in-vitro transcribed RNA 
In-vitro transcribed RNA was prepared as described 
previously [2]. Serial 10-fold dilutions of this RNA 
were amplified in parallel with samples in a Roche 
LightCycler 480II after entering the known RNA con-
centrations of standards in the quantification mod-
ule of the operation software. Virus concentrations 
in terms of genome copies per ml of original sample 
were extrapolated using a conversion factor of 85.7, as 
explained previously [2].   

Virus growth, infection and titration
Virus stocks of the clinical isolate hCoV-EMC/2012 
(kindly provided by Ron Fouchier [1]) were grown on 
African green monkey kidney (Vero B4) cells. Cells 
were infected at a multiplicity of infection (MOI) of 0.01 
and supernatants were harvested two days post infec-
tion. Titres were determined by plaque assay on Vero 
B4 cells as described previously [8].

hCoV-EMC antibody detection assays
Two IFAs have been developed.

(i) Conventional IFA 
Vero cells were seeded onto glass coverslips in 24-well 
plates, grown to subconfluence, and infected at an MOI 
of 0.5. After 24 hours, cell monolayers were fixed with 
acetone [9]. 

(ii) Rapid, biologically safe IFA
Vero B4 cells in flasks were infected at an MOI of 0.01 
and harvested two days post infection. Infected cells 
were mixed with non-infected Vero B4 cells (ratio 1:1) 
and spotted on glass slides by dispensing and immedi-
ately aspirating the cell suspension. The concentration 
of the cell suspension was 10e7 cells per ml in medium. 
The time between dispensing and back-aspiration was 
2 seconds. About 6 wells could be loaded with the con-
tent of one 50 µl pipette tip. It was important for the 
success of cell spotting that the IFA slides used for the 
procedure should have undergone aggressive clean-
ing and autoclaving before use. After drying, the slides 
were fixed and virus inactivated with 4% paraformalde-
hyde for 30 minutes. Slides were immersed into ice-cold 
acetone/methanol (ratio 1:1) to permeabilise the cells. 
In the assay, patient sera (25 µl per dilution) were sub-
jected to serial dilution in sample buffer (Euroimmun 
AG, Lübeck, Germany) starting at 1:40 and applied at 

25 µl per well. As a positive control, a macaque-anti-
hCoV-EMC (day 14 post infection), provided by author 
B. H. was used in a 1:20 dilution. Slides were incubated 
at 37 °C for 1 hour (rapid slides) or at room temperature 
for 30 minutes (conventional coverslips) and washed 
three times with phosphate-buffered saline (PBS)-
Tween (0.1%) for 5 minutes. The secondary antibody 
was a goat-anti human Cy2-labelled immunoglobulin G 
conjugate. After incubation at 37 °C (spotted slides) or 
room temperature (conventional coverslips) for 30 min-
utes, they were washed three times with PBS-Tween for 
5 minutes, rinsed with water and mounted with DAPI 
ProLong mounting medium (Life Technologies).

Recombinant assays for confirmatory 
IFA and western blot analysis
The hCoV-EMC/2012 spike (S) and N genes were ampli-
fied from cDNA. For PCR amplification of FLAG-tagged 
N and S and subsequent cloning into a pCG1 vector 
(kindly provided by Georg Herrler, TIHO, Hannover), the 
following primers were used: 2c-nhCoV-SflagN-BamHI-F
(TACGGATCCGCCACCATGGATTACAAGGATGACGATGACAA 
GGGAGGCATACACTCAGTGTTTCTACTGATGT), 
2c-nhCoV-S-SalI-R (AGCGTCGACTTAGTGAACATGAAC
CTTATGCGG), 2c-nhCoV-NflagN-BamHI-F 
(TACGGATCCGCCACCATGGATTACAAGGATGACGATG
ACAAGGGAGGCGCATCCCCTGCTGCACCTCGT) 
and 2c-nhCoV-N-XbaI-R 
(AGCTCTAGACTAATCAGTGTTAACATCAATCATTG).

For IFA, Vero B4 cells were transfected in suspension 
using 0.5 µg of plasmid DNA and the FuGENE HD proto-
col (Roche, Basel, Switzerland). Transfected cells were 
seeded into a 24-well plate containing glass coverslips. 
After 24 hours, cells were fixed with 4% paraformalde-
hyde, washed twice with PBS-Tween and permeabilised 
with PBS containing 0.1% Triton X-100. For western blot 
analysis of recombinant spike and nucleocapsid pro-
teins, transfections were performed similarly but in 
six-well plates with HEK-293T cells using 2 µg of plas-
mid DNA. After 24 hours post-transfection, cells were 
washed three times with ice-cold PBS and harvested 
for western blot analysis. Cell lysis was performed with 
RIPA lysis buffer containing Protease Inhibitor Cocktail 
III (Calbiochem, San Diego, United States), 5mM DTT 
and nuclease (25 U/ml). Lysates from untransfected 
HEK-293T cells were used as controls. Patient serum 
was serially diluted 1:100 to 1:8,000 in PBS-Tween 
with 1% milk powder. Blot strips were incubated for 
1.5 hours at room temperature. The secondary anti-
body, a horseradish peroxidase-conjugated goat-anti 
human immunoglobulin, was applied (1:20,000 in PBS-
Tween with 1% milk powder). Detection was performed 
by using SuperSignal West Pico Chemiluminescence 
Substrate (Pierce Biotechnology).

Results

1A assay
The 1A RT-PCR assay is directed to the Orf1a gene: 
this was optimised for sensitivity by testing several 
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different candidate primers. The assay was compared 
with the upE assay by testing dilution series of the 
cell culture supernatant containing hCoV-EMC. There 
was complete concordance of the endpoints of the two 
assays. A total of 40 reactions using water instead of 
RNA were performed, in order to exclude any artifi-
cial signals due to irregular primer-/probe hybridisa-
tions. In-vitro transcribed RNA was generated for the 
peri-amplicon region of the 1A assay and used for 
parallel end-point dilution testing and probit regres-
sion analysis. The target concentration at which >95% 
of 1A assays can be expected to yield positive results 
was 4.1 RNA copies per reaction tube, i.e. a sensitivity 
equivalent to that of the upE assay ([2] and Figure 2). To 
exclude the possibility of false-positive results, human 
coronaviruses 229E, NL63, OC43, as well as SARS-CoV 
were tested in form of cell-culture supernatants in both 
assays (Table). A total of 42  clinical samples known to 
contain other respiratory viruses were tested as well, 
eight of which contained human coronaviruses includ-
ing the unculturable hCoV-HKU1: all samples yielded 
negative results (Table).
   
For a final comparison of sensitivity, the upE, ORF1b, 
and 1A assays were applied in parallel reactions to 
test a bronchoalveolar lavage sample from the patient 
treated in Essen, Germany. This sample had a very low 
RNA concentration of 360 copies per ml as determined 
with the upE assay using in-vitro transcribed RNA as 
the quantification standard [2]. The upE and 1A assays 
consistently detected RNA in this sample in repeated 
tests. The concentration determined by the 1A assay 
was between 66.5 and 100 copies per ml, reflecting 

Figure 2
Technical limit of detection for the 1A assay, novel human 
coronavirus (hCoV-EMC)
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The 1A assay is the confirmatory real-time RT-PCR test presented in 
this study (target in ORF1a). 

Probit regression analysis using results from parallel runs of the 1A 
assay containing very low concentrations of in-vitro transcribed 
hCoV-EMC RNA (between 50 and 0.3 average copies per reaction, 
16 parallel determinations per datum point).

Table 
Summary of experiments to determine sensitivity and cross-reactivity, novel human coronavirus (hCoV-EMC)

Experiment ORF1b assay 

Technical limit of detectiona 4.1 RNA copies/reaction
(95% CI: 2.8– 9.5)

Cross-reactivity with hCoV-229E No reactivity with virus stock containing 105 PFU/ml 
(3 x 109 RNA copies/ml)

Cross-reactivity with hCoV-NL63 No reactivity with virus stock containing 106 PFU/ml 
(4 x 109 RNA copies/ml)

Cross-reactivity with hCoV-OC43 No reactivity with virus stock containing 104 PFU/ml 
(1x 108 RNA copies/ml)

Cross-reactivity with SARS-CoV No reactivity with virus stock containing 3 x 106 PFU/ml 
(5 x 1010 RNA copies/ml)

Cross-reactivity with clinical samples 
containing respiratory viruses 

No reactivity with 42 samples containing the following viruses: hCoV-HKU1 (n=3 samples); hCoV-OC43 
(n=1); hCoV-NL63 (n=3); hCoV-229E (n=1); human rhinovirus (n=2); enterovirus (n=4); human 
parechovirus (n=3); human metapneumovirus (n=4); respiratory syncytial virus (n=3); parainfluenza 
virus 1, 2, 3, 4 (n=7); influenza A virus (n=5); influenza B virus (n=2); adenovirus (n=4)

PFU: plaque-forming units.

a Defined as the novel human coronavirus (hCoV-EMC) RNA concentration at which >95% of parallel tests will return positive results.
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slightly lower target abundance in the non-structural 
gene RNA, as observed previously for SARS-CoV [10]. 
Critically, the ORF1b assay presented in [2] did not 
detect virus in this sample. 

RdRpSeq and NSeq assays
Two different RT-PCRs to produce amplicons for 
sequencing were designed. One amplicon was from 
the RdRp gene, a common target for CoV detection 
and a genome region where sequences for most cor-
onaviruses are available (RdRpSeq assay, Figure 1). 
The assay was designed to provide broad detection of 
Betacoronavirus clade C sequences including hCoV-EMC 
as well as related viruses from animal sources such as 
bats (unpublished observations). The other amplicon 
was from a highly specific fragment within the hCoV-
EMC N gene (NSeq assay, Figure 1). This region was 
chosen because it comprised a two amino acid (6 nt) 
deletion in the corresponding sequence published 
from a patient treated in London, United  Kingdom [11].  
As shown in Figure 3, both amplicons were sensitive 
enough to detect cell culture-derived virus at very low 
concentrations. Both assays also yielded amplification 
products from the bronchoalveolar lavage sample from 
the Essen patient, in spite of its very low RNA concen-
tration. Sequencing results are shown in Figure 4. 

hCoV-EMC antibody detection
Finally, slides for immunofluorescence microscopy 
were produced following two different common pro-
tocols. While the first method, growing cells on cov-
erslips, provides better cell morphology, the second 
is commonly used to circumvent the necessity to opti-
mise infection dose and duration, and to obtain slides 
with no infectious virus, to meet the biosafety require-
ments for shipment. For the first (conventional) proto-
col, Vero cells were seeded on microscope coverslips 
and infected with virus in situ. Infection conditions had 
been previously optimised to ensure infection of about 
30% of cells in a series of experiments. For the second 
option, Vero cells were infected in conventional cell 
culture and mixed with an equivalent quantity of unin-
fected cells, after which they were spotted on glass 
microscope slides and further inactivated with para-
formaldehyde. Both types of slides were stained with 
serum of a cynomolgus macaque infected with hCoV-
EMC or with serum from the Essen patient. Figure 5, 
panel A, shows a typical coronavirus cytoplasmic fine-
to-medium granular fluorescence with pronounced 
perinuclear accumulation, sparing the nucleus on the 
coverslip culture. The same result was also achieved 
with the convalescent serum from an experimentally 
infected cynomolgus macaque, suggesting that this 

Figure 3
Comparison of RdRpSeq and NSeq assays, novel human coronavirus (hCoV-EMC)

BAL: bronchoalveolar lavage; BP: base pairs; N: nucleocapsid; NTC: No template control; RdRp: RNA-dependent RNA polymerase; PFU: plaque-
forming units; RT-PCR: reverse transcription-polymerase chain reaction.

RT-PCR amplification of sequencing fragments within the RdRp gene (panel A, RdRpSeq assay) and N gene (panel B, NSeq assay). Cell culture 
stock solutions of hCoV-EMC were diluted to the virus concentrations specified (in PFU per ml), of which 50 µl were extracted using the 
Qiagen Viral RNA mini kit and tested with both assays. The NSeq assay is more sensitive than the RdRpSeq assay. Both assays detected 
virus in a BAL sample from the Essen, Germany, patient. 
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Figure 4
Sequence alignments comparing the results of RdRpSeq and Nseq sequencing assays, novel human coronavirus (hCoV-EMC) 
and sequence obtained from a patient from Essen, Germany

Panel A. Results from the RdRpSeq assay on the Essen patient. 
Panel B. Results of the Nseq assay. 
Dots represent identitical nucleotides, hyphens represent sequence gaps. 
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can be used as a valid positive control in absence of 
available patient material. Figure 5, panel B, shows 
results from two convalescent sera of the patient, taken 
about four weeks apart, on simplified biologically safe 
slides. As expected, the fluorescence pattern was less 
well differentiated compared with slides infected and 
tested in situ. However, a very clear cytoplasmic peri-
nuclear pattern is discernible, suggesting those slides 
will be appropriate for diagnostic application in spite 
of their simpler production and safer handling. 

Sera from a limited number of German blood donors 
were tested by this IFA assay, with no relevant false-
positive findings in a non-exposed population. 
However, much more validation is needed, because 
antibodies against betacoronaviruses are generally 
known to cross-react within the genus.  Sera from 
patients with a high antibody titre against any other 
human coronavirus such as OC43 or HKU1 may well 
lead to false-positive results if tested by IFA alone.  We 
propose to use this IFA only for patients with a very 
clear epidemiological linkage, ideally presenting posi-
tive results with a first-line assay such as upE. Paired 
sera should be investigated wherever possible. 

As shown in Figure 5, panel C, IFA reactivity was also 
demonstrated in cells overexpressing recombinant S or 
N proteins. Anti-S and anti-N antibodies were also con-
firmed by western blot. 

Discussion
Here we present nucleic acid-based and serological 
assays for the confirmation of hCoV-EMC infections. 
The current strategy and recommendations by WHO 
require reference laboratories to be involved in cases 
where first-line screening has provided positive results. 
However, with the potential occurrence of more cases 
of hCoV-EMC infection, the demand for confirmatory 
testing might grow in a way that it could overwhelm the 
capacity of reference laboratories. The major challenge 
in setting up confirmatory methodology will be the val-
idation of tests. Technical studies can be tedious and 
clinical validation is hard to achieve if no patient sam-
ples are at hand. The documentation here of proven 
methodology is presented with those laboratories in 
mind that will have to provide diagnostic testing and 
additional reference services in the future, but cannot 
rely on their own validation studies.

The 1A real-time RT-PCR assay provides the same sen-
sitivity as the upE first-line assay, and should provide 
consistent results in case of truly positive patients. 
It should be mentioned that the ORF1b assay along 
with the upE assay can also serve as a highly robust 
confirmatory test [2]. However, patients may be seen 
at times when they excrete small amounts of virus, 
e.g. very early or very late after symptom onset [6]. 
Moreover, samples may be diluted due to clinical pro-
cesses such as lavage, as exemplified by the case 
investigated here. In such instances, confirmatory 
assays must have the same sensitivity as the first-line 

Figure 5
Examples of serological assays, novel human coronavirus 
(hCoV-EMC)

A Macaque serum
(1:20)
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Panel A. Conventional immunofluorsecence assay (IFA) using 
cells grown and infected on coverslips. The patient serum from 
the later time point (23/11/12) was tested positive in a 1:1,000 
dilution. As control, a serum of an hCoV-EMC/2012 infected 
macaque (taken 14 days post infection) was applied. 

Panel B. Rapid/biologically safe immunofluorescence assay (IFA) 
slides. Mixed infected and non-infected Vero cells incubated 
with serially diluted sera from an hCoV-EMC-infected patient 
taken at two different time points post infection.

Panel C. IFA using Vero cells expressing recombinant spike and 
nucleocapsid proteins, as well as western blot against lysates 
from the same transfected cells. 

Bars represent 20 µm.
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test. Such high sensitivity is achieved by the 1A assay, 
providing an appropriate complement to the upE assay 
proposed previously [2]. 

While real-time RT-PCR products can be sequenced, the 
shortness of their fragments makes DNA preparation 
inefficient and limits the length of useful sequence 
information. We present here two different sequencing 
amplicons (RdRpSeq and NSeq assays) that will yield 
reasonably large fragments even from samples contain-
ing very low virus concentration. We are not proposing 
to preferentially use either of those two assays, as both 
have different properties that suggest using them in 
combination. The RdRpSeq assay provides sequencing 
results that can be compared with a large database of 
cognate sequences, as it is commonly used for typing 
coronaviruses. The amplicon overlaps to a large extent 
with that proposed earlier by Vijgen et al. for pan-
coronavirus detection, ensuring good comparability 
between laboratory results from different groups [12]. 
The primers of the RdRpSeq assay are highly conserved 
and will cross-react with other betacoronaviruses 
including hCoV-OC43 or -HKU1. Critically, this ampli-
con should not be used for screening if not connected 
with subsequent sequence analysis, as false-positive 
results are possible in patients infected with other 
human coronaviruses. In contrast, the NSeq assay pro-
vides highly sensitive and specific detection for hCoV-
EMC, enabling a sequence-based confirmation even for 
cases that present with very low virus concentration. 
Here it is interesting to note that a sequence presented 
from a patient treated in London has a deletion in the 
amplified fragment. We should not draw early conclu-
sions on virus diversity from these limited data, but it 
will be interesting to sequence and compare the NSeq 
fragment from more viruses in the future, in order to 
determine whether lineages with and without the dele-
tion might have formed already. The NSeq assay might 
be used as a tool for provisional strain classification in 
the future.

For the augmentation of confirmatory testing by serol-
ogy, IFA, ideally in paired sera taken several days 
apart, proved highly robust during the SARS epidemic 
[6,7]. In contrast to EIA, IFA provides additional crite-
ria for result interpretation via the localisation of sig-
nals within cells. False-positive reactivity can thus be 
circumvented. The data presented here are intended 
as reference for those laboratories willing to confirm 
cases of hCoV-EMC infection by IFA. We have shown in 
this single patient that antibodies were detectable by 
IFA at a time when the patient still presented severe dis-
ease and the virus was not yet eliminated from respira-
tory secretions as detectable by RT-PCR (case report to 
be presented elsewhere). As in many SARS patients, 
the antibody titre was in the medium range, below 
1:1,000, even in convalescence [6]. In SARS patients, 
IFA seroconversions usually began to show from day 
10 of symptoms onward, while virus RNA could not be 
detected by RT-PCR in respiratory secretions starting 
from day 15 onward [6,7]. 

It is important to mention that IFA slides contain 
virus-infected cells which in theory could retain infec-
tious virus. However, it has been shown in a meticu-
lous investigation of SARS-CoV that acetone fixation 
of IFA slides results in the reduction of infectivity to 
undetectable levels. The extent of reduction of infec-
tivity was at least 6.55 log 10 infectious virus doses 
[9] (greater reductions could not be measured by the 
assay applied). In the rapid and biologically safe IFA 
procedure we presented here, further reduction of 
any conceivable residues of infectivity was achieved 
by combining acetone fixation with paraformaldehyde 
treatment. This treatment was shown to confer effi-
cient reduction on SARS-CoV [9] and is also effective 
against other enveloped RNA viruses [13]. No residual 
infectivity should exist in the rapid and biologically 
safe IFA slides described here.  

We have also shown that there is good correlation 
between IFA results and western blot against the two 
major structural proteins, S and N. Western blotting 
might therefore be an option as a confirmatory diag-
nostic for serology. However, in absence of data from 
a considerably larger number of patients, care must 
be taken in interpreting the results from western blot 
alone, as SARS patients were found to vary in their 
immune responses against single proteins in western 
blot [14,15]. Not only western blot but also neutrali-
sation tests should be evaluated for their capacity to 
afford a highly specific confirmation of serological 
results [7]. This is of particular importance because it 
is unknown to what extent hCoV-EMC antibodies cross-
react with those against common human coronaviruses 
such as OC43 and HKU1. In the present study, we have 
not investigated cross-reactivity in a larger group of 
patients, as this requires meticulous counter-testing 
and selection of samples with high titres against other 
human coronaviruses, as well as confirmation by addi-
tional methods such as differential virus neutralisation 
tests. The serological data presented here should be 
regarded as suggestions for confirmatory testing of 
epidemiologically linked individuals, or of cases under 
investigation due to positive results in first-line tests. 
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We present a serological assay for the specific detec-
tion of IgM and IgG antibodies against the emerg-
ing human coronavirus hCoV-EMC and the SARS-CoV 
based on protein microarray technology. The assay 
uses the S1 receptor-binding subunit of the spike 
protein of hCoV-EMC and SARS-CoV as antigens. The 
assay has been validated extensively using putative 
cross-reacting sera of patient cohorts exposed to 
the four common hCoVs and sera from convalescent 
patients infected with hCoV-EMC or SARS-CoV.

Background 
In 2012, a novel human betacoronavirus (hCoV-EMC) 
emerged in the Middle East [1]. At the end of March 
2013, 17 confirmed cases of hCoV-EMC infection had 
been reported to the World Health Organization (WHO) 
[2,3]. Person-to-person transmission had been reported 
twice by the United Kingdom (UK) and may also have 
occurred in two family clusters in Saudi Arabia (SA) 
and a hospital cluster in Jordan [2-4]. Fifteen confirmed 
cases have presented with severe acute respiratory 
infection (SARI), in some cases accompanied by acute 
renal failure [5-7]. Eleven patients have died [3]. One 
confirmed contact case in the UK and one confirmed 
case in SA presented with mild illness, and the clinical 
manifestations also appeared milder in unconfirmed 
but probable cases in the hospital cluster in Jordan 
[2-4,8]. It is important to understand the full spectrum 
of illness associated with this new human infection, 
and to determine how that relates to infectivity and the 
ability to transmit the virus, as well as to outcomes of 
diagnostic tests. 

The emergence of this novel hCoV lead to an interna-
tional collaborative laboratory response resulting in 
the rapid availability of diagnostic real-time reverse 

transcription polymerase chain reaction (RT-PCR) 
assays [9-11]. Successful use of PCR-based diagnostics 
relies on timing and technique of sampling, with knowl-
edge about kinetics of viraemia and shedding of virus 
during the course of infection. Investigations into epi-
demiologically linked clinical cases in SA and Jordan 
demonstrated that not in all symptomatic patients 
within a cluster viral RNA could be detected by RT-PCR, 
similar to what has been described for SARS and other 
infectious diseases [2,11]. For diagnosis of hCoV-EMC 
infection, virus detection by RT-PCR during the acute 
phase may be less sensitive, as samples from the 
lower respiratory tracts (tracheal aspirates, bronchoal-
veolar lavage) are necessary for optimal detection, and 
these are not as readily available as upper respiratory 
tract samples [1,6,12]. Therefore, serological testing 
is imperative to complement RT-PCR findings for ade-
quate diagnosis.  In addition serology is essential for 
the monitoring of the evolution of an outbreak, includ-
ing (retrospective) studies of asymptomatic and mild 
cases and identification of animal reservoirs. [13-16]. 

Currently an immunofluorescence assay (IFA) using 
hCoV-EMC-infected cells is available [10]. However, as 
the authors caution, this assay may generate false-
positive results due to the global co-circulation of four 
hCoVs namely hCoV-NL63, hCoV-OC43, hCoV-229E and 
hCoV-HKU1. Cross-reactivity to conserved viral pro-
teins limits the use of such whole virus-based IFAs, 
especially as antibodies against coronaviruses within 
a genus are generally known to cross-react [2,17]. 
Therefore, the European Centre for Disease Prevention 
and Control (ECDC) advised not to screen patients 
by whole virus IFA unless second stage serology is 
conducted [2]. For confirmation, virus neutralisation 
assays are the gold standard, but these are difficult to 



46 www.eurosurveillance.org

implement and not widely available. Therefore, there is 
a need for alternative methods. 

Here, we describe the use of antigen-microarrays to 
measure antibodies directed against the receptor-
binding spike domain S1 of hCoV- EMC and SARS-
CoV. The most variable immunogenic CoV antigen is 
the amino-terminal S1 subunit of the spike protein, 
which exhibits at most some 30% amino acid iden-
tity between human CoV isolates (data not shown). 
We describe a specific serological tool, distinguishing 
cross-reactivity with the four common hCoVs belonging 
to the same genus as hCoV-EMC and SARS-CoV (genus 
Betacoronavirus, hCoV-OC43, hCoV-HKU1), and to the 
genus Alphacoronavirus (hCoV-NL63 and hCoV-229E). 

Methods

Protein expression
Plasmids encoding the amino-terminal receptor-bind-
ing spike domain S1 of hCoV-EMC and SARS-CoV, fused 
to the Fc part of human IgG, were expressed in HEK-
293T cells, and S1-Fc proteins were purified from the 
culture supernatant by protein A chromatography as 
described [18]. Purified S1-Fc was cleaved by throm-
bin at the S1-Fc junction. Soluble S1 was subsequently 
purified by gel-filtration chromatography and concen-
trated using Amicon Ultra-0.5 filter (Merck, Darmstadt, 
Germany). 

Preparation and testing of microarrays
Purified hCoV-EMC S1 and SARS-CoV S1 were spotted 
in quadruplicate in two drops of 333 pL each in a two-
fold dilution series ranging from 1:2 to 1:8 (starting at 
200 µg/mL for undiluted antigen) on 16-pad nitrocellu-
lose-coated slides (Fast Slides, Maine Manufacturing, 
Grand Blanc, US) using a non-contact Piezorray spotter 
(PerkinElmer, Waltham, US) as described earlier [19]. 
Slides were pre-treated with Blotto blocking buffer to 
avoid non-specific binding as described [19]. Dilutions 
of serum in Blotto containing 0.1 % Surfact-Amps 20 
(Thermo Fisher Scientific Inc. Breda, the Netherlands) 
were transferred in a volume of 90 µL to the slides 
and incubated for 1 h at 37 ºC in a moist chamber. 
Sera tested for the presence of IgM were treated with 
GullSORB (Meridian Bioscience Inc., Cincinnati, US) to 
eliminate rheumatoid factor and immune IgG, which 
can interfere with IgM assays. Upon washing, goat 
anti-human IgG (Fc-fragment specific) or IgM (Fc5µ-
fragment specific) conjugated with DyLight649 fluores-
cent dye (Jackson Immuno Research, West Grove, US) 
was incubated for 1 h at 37 ºC in a moist chamber. After 
washing with buffer and water, the slides were dried. 
Fluorescence signals were quantified by a ScanArray 
Gx Plus microarray scanner (PerkinElmer) using an 
adaptive circle (diameter 80–200 µm) with a saturated 
signal at 65,535. Median spot fluorescence foreground 
intensity (background subtracted) was determined 
using ScanArray Express vs 4.0 software. 

Sera
For validation experiments the following serum sam-
ples were used. All sera were stored at -20 ºC or  80 ºC 
prior to testing. 
•	Anonymised serum samples from 72 persons ranging 

in age from 0 year to 95 years sampled during 2008. 
These sera had been sent to the Dutch National 
Institute for Public Health and the Environment 
(RIVM) for routine Bordetella pertussis serology and 
thus represented a cohort biased towards patients 
with non-influenza-like respiratory symptoms. 
Anonymised use of serum from RIVM was covered 
by the rules of the code of conduct for proper use 
of human tissue of the Dutch Federation of Medical 
Scientific Associations. 

•	Anonymised serum samples of 10 children, ages 
ranging from 9 to 14 months, known to be positive 
for antibodies to one of the four common hCoVs, as 
determined by comparative ELISA using N antigen 
at a dilution factor of 1:200 [20,21]. Samples were 
obtained in 2001, were stored at -80°C and were cho-
sen from this age group because antibodies at this 
age most likely result from single exposures [21]. Two 
hCoV-HKU1, two hCoV-OC43, three hCoV-229E and 
three hCoV-NL63 IgG positive sera were used. 

•	Three anonymised hCoV-OC43-positive sera (includ-
ing one paired sample) from patients with virologi-
cally (PCR) and serologically (IgG IFA) confirmed 
infection, and one hCoV-OC43 IgG positive serum as 
described in [22]. 

•	Serum samples from two cynomolgus macaques 
infected with hCoV-EMC (virus stock obtained as 
described [23]) taken at 28 days post infection, 
including a pre-infection serum. 

•	A serum sample from a rabbit immunised with hCoV-
EMC S1 taken 28 days post immunisation, including a 
pre-immunisation serum. 

•	One serum sample from an hCoV-EMC infected 
patient who was treated for SARI in a hospital in 
Essen, Germany taken at day 20 after onset of illness. 
This serum had an IgG titre of 1:10,000 and an IgM 
titre of 1:1,000 as determined by IFA on cells infected 
with hCoV-EMC and an IgM and IgG titre of >1:320 as 
determined by IFA on cells expressing recombinant S 
protein [10,22,23]. 

•	Convalescent serum samples from two SARS-CoV 
infected patients. Serum SARS-1 was taken 3.5 years 
after disease. It had an IgG titre of 1:160 and no IgM 
titre as determined by IFA on cells expressing recom-
binant S protein [22]. Serum SARS-2 was taken 36 
days after onset of illness with an IgG titre of 1:1,000 
in IFA and 1:1,600 in ELISA. No IgM titre was found 
by IFA (personal communication, M. Niedrig, March 
2013). 

•	Convalescent serum samples of three patients with 
severe respiratory complaints who had travelled to 
SA, Dubai and Dubai/Qatar within 10 days before 
onset of illness, and therefore had been tested to 
exclude hCoV-EMC by RT-PCR, as recommended by 
WHO. 
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All human sera were collected in accordance with the 
ethical principles set out in the declaration of Helsinki; 
Macaque and rabbit sera were collected in compliance 
with Dutch laws on animal handling and welfare.

Results

Testing antigen quality
The amino-terminal receptor-binding spike domains S1 
of hCoV-EMC and SARS-CoV were spotted in serial dilu-
tions (1:2–1:8) on nitrocellulose slides and incubated 
with two-fold serial dilutions (1:20–1:640) of sera from 
hCoV-EMC-infected macaques, a rabbit immunised with 
hCoV-EMC S1, or a SARS-CoV-infected patient. All sera 
showed high-level IgG reactivity with their homolo-
gous S1 antigen, while only background reactivity was 
observed with the heterologous antigen. Pre-immune 
serum of macaque and rabbit were non-reactive (Table). 
Based on these observations it was concluded that the 
antigens as printed on the array slides were intact and 
in the proper conformation for immuno-reactivity with 
homologous antibodies. 

Validation of protein array
To analyse the specificity of the microarray for detec-
tion of hCoV-EMC and SARS-CoV IgM and IgG anti-
bodies, the reactivity of a cohort of human sera 
submitted to the RIVM for whooping cough diagnostics 
was tested. The cohort consisted of 72 sera of non-
exposed patients, ranging from 0–95 years of age. This 
cohort represents the putative cross-reacting potential 
in the Dutch population, where previous studies have 

shown high seroprevalences for one or more of the 
four common hCoVs [20,21]. The sera were tested for 
IgM and IgG reactivity with the hCoV-EMC and SARS-
CoV antigens at dilutions 1:20 and 1:40 (Table, Figure 
1). The observed reactivity was low. Based on these 
results an arbitrary cut-off was set at 5,000 for IgM and 
at 10,000 for IgG measurements.

The specificity of the microarray was confirmed using 
serum samples from children with known recent expo-
sure and antibody responses to one of the four com-
mon hCoVs, including the betacoronaviruses OC43 and 
HKU1. Sera were tested at dilutions 1:20 and 1:160, 
with one serum for each hCoV tested in a two-fold dilu-
tion series of 1:20 to 1:640. None of the 14 sera showed 
reactivity above background, for either IgG or IgM, with 
the hCoV-EMC and SARS-CoV antigens (Table, Figures 1 
and 2). 

Subsequently, the array was tested with a single serum 
sample taken in the third week of illness of a patient 
infected with hCoV-EMC [22], and convalescent serum 
samples of two patients taken during the SARS-CoV 
epidemic. The serum of the hCoV-EMC patient showed 
a clear positive reactivity for IgG with EMC S1 in the 
dilution range from 1:20 to 1: 20,480, declining only 
at dilutions 1:5,120 and higher. The IgM reactivity of 
the hCoV-EMC serum with EMC antigen was saturated 
in the dilution range from 1:20 to 1:80, with declining, 
but clearly positive, levels of reactivity at higher dilu-
tions. No reactivity was observed with SARS antigen 
for either IgG or IgM. 

Table 
Summary results of the validation of the hCoV-EMC and SARS-CoV S1 protein microarray (n=94)

hCoV-EMC Aga SARS-CoV Aga

Sera Number IgG IgM IgG IgM
Human
Population sera human 72 Negative Negative Negative Negative
hCoV-OC43 human 6 Negative Negative Negative Negative
hCoV-229E human 3 Negative Negative Negative Negative
hCoV-NL63 human 3 Negative Negative Negative Negative
hCoV-HKU1 human 2 Negative Negative Negative Negative
hCoV-EMC human 1 Positive Positive Negative Negative
SARS-CoV human 2 Negative Negative Positive Negative
Animal
Pre-immunisation rabbit 1 Negative Not tested Negative Not tested
hCoV-EMC post-immunisation rabbit 1 Positive Not tested Negative Not tested
Pre-infection macaque 1 Negative Not tested Negative Not tested
hCoV-EMC post-infection macaque 2 Positive Not tested Negative Not tested

Ag: S1 antigen. 

a Reactivity was scored based on the arbitrary set cut-off. 
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Figure 1
IgM and IgG reactivity of two-step serially diluted sera with hCoV-EMC S1- and SARS-CoV S1-spotted microarrays (n=89)

Sera: 72 population sera 1:20 diluted (panel A (IgM) and E (IgG)), hCoV-EMC (panel B (IgM) and F (IgG)), SARS-CoV serum SARS-1 (panel C (IgM) 
and G (IgG)) and hCoV-OC43 (panel D (IgM) and H (IgG)). Panels C and G are representative for all SARS-CoV sera tested (n=2). Panels D and 
H are representative for all common hCoV sera tested (n=14). 

X-axes denote serum numbers (panel A and E) or serum dilutions: two-step serial dilutions, staring dilution 1:20. 
Y-axes denote the measured median spot foreground fluorescence intensities.
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The two SARS-CoV sera SARS-1 and SARS-2 gave a 
clear positive reaction with the SARS antigen for IgG 
at dilutions from 1:20 to 1:80 and from 1:20 to 1:160, 
respectively, with no reactivity for IgM using the cho-
sen cut-off. No reactivity was observed with the EMC 
antigen (Table, Figures 1 and 2). 

Serological diagnosis
Convalescent sera from three patients with severe res-
piratory symptoms and a travel history to the Middle 
East were tested using the newly developed microar-
ray. None of the patients showed positive reactivity for 
IgM or IgG with EMC-S1. 

Discussion
We present a protein microarray-based serological test 
for the confirmation of hCoV-EMC and SARS-CoV infec-
tions. A major obstacle in the development of detection 
tools for novel, emerging viruses is the availability of 
sufficient, well-defined negative and positive sera for 
the assessment of the specificity and sensitivity of the 
assays. Nevertheless, results so far suggest that our 
microarray is highly specific for the detection of IgM 
and IgG antibodies against these emerging hCoVs, with 

no false-positive reactivity in 72 population sera and 
14 sera known to be positive for one of the four widely 
circulating hCoVs -OC43, -HKU1, -229E and -NL63. 
Samples with a high titre were preferred for assay vali-
dation, but the exact titres of the antibodies against 
the common hCoVs in the latter validation cohort were 
not known. 

However, previous studies from the Netherlands have 
found that by the age of 30 months, more than 50% 
of children seroconverted to one or more of the alpha- 
(hCoV-NL63, hCoV-229E) or betacoronaviruses (hCoV-
OC43, hCoV-HKU1), and seropositivity reached 100% 
by 10 years of age for alphacoronaviruses [20,21]. The 
seroprevalence for betacoronaviruses was not specifi-
cally tested in the Netherlands, but found to be 91% in 
adults in the United States [24]. Therefore, the absence 
of false-positives in our population samples is strong 
evidence for the specificity of the method. IgG and IgM 
antibodies to hCoV-EMC and IgG to SARS-CoV were 
clearly detectable in positive patient sera. However, 
due to the small number of available positive patient 
sera, determination of the sensitivity of the assay in 
relation to viral load, clinical manifestation and phase 

Figure 2
Representative pictures of the protein microarray analysis of convalescent sera from patients infected with the six known 
hCoVs (n=17)

SARS Ag  EMC Ag      SARS Ag       EMC Ag  
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Ag: antigen.

Vertically from top to bottom: Incubation with sera containing antibodies to SARS-CoV, hCoV-EMC, hCoV-HKU1, hCoV-OC43, hCoV-229E or 
hCoV-NL63. 

IgG (left panel) and IgM (right panel) reactivity of the six sera to SARS-CoV and hCoV-EMC S1 protein (SARS Ag and EMC Ag respectively). 
Colours reflect median spot intensity as shown in the legend on the right. 
Antigens spotted in quadruplicate with dilution factor 1:2; sera dilution factor 1:20.
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of infection requires further investigation. For this 
essential clinical validation, international sharing of 
positive sera by (national) laboratories in possession 
of such sera is a prerequisite. 

Currently, WHO and ECDC recommend the collection of 
paired serum samples, preferably from the acute and 
convalescent phase, of all cases under investigation, 
as serological testing might be necessary to confirm 
infection when clinical presentation and epidemiology 
suggest an infection with hCoV-EMC despite negative 
PCR results [2,12]. In addition, serology is needed for 
contact investigations and source tracking. A two-
staged serological approach is recommended, which 
proved effective in a contact investigation of an hCoV-
EMC infection treated in Germany. It uses IFA with 
virus-infected cells for screening, and as second-stage 
recombinant spike- and nucleocapsid-transfected cells 
and virus neutralisation tests [22]. Our protein microar-
ray enables specific, one-stage, high-throughput test-
ing, with the benefit of minimal sample requirement. 
This technique can use dried blood spots for testing, 
which greatly facilitates shipping of samples. 

The serological assay presented here is available and 
of great value for human and animal population screen-
ing, both of which are necessary to gain insight in the 
epidemiology of the novel hCoV. The array format can 
be modified to identify primary and intermediate ani-
mal reservoirs by simple adaptation of the conjugate 
used to visualise reactivity on the array (data not 
shown). Our assay is available to aid diagnosis in indi-
vidual patients, for confirmatory testing of positive 
tests and for (large-scale) contact studies.
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A rapid survey by the European Centre for Disease 
Prevention and Control (ECDC) and the World Health 
Organization (WHO) Regional Office for Europe ascer-
tained the availability of national reference laboratory 
testing for a recently detected novel coronavirus as 
of 28 November 2012. Screening by internal quality 
controlled upE-RT-PCR assay was available in 23/46 
of responding countries in the WHO European Region, 
of which 19/30 in European Union (EU) and European 
Economic Area (EEA) countries. Confirmation of posi-
tive screened samples by either ORF1b-RT-PCR, or 
other target RT-PCR assays with sequence analysis 
or whole-genome sequence analysis was available in 
22/46 responding countries of which 18/30 in EU/EEA 
countries.

In September 2012, a novel coronavirus was first 
characterised by genome sequencing at the Erasmus 
Medical Center (EMC) of a viral isolate from a patient 
in Saudi Arabia with severe pneumonia [1-2]. This virus 
belongs to the genus beta-coronavirus and is closely 
related to some bat coronaviruses. Since then, a total 
of nine confirmed cases of human infection with the 
novel coronavirus have been reported to public health 
authorities and WHO [3-6]. These patients developed a 
severe respiratory disease in Saudi Arabia, Qatar and 
Jordan over the period April to November 2012 and five 
had a fatal outcome [1-6]. Two patients were referred to 
Europe for specialised care [1-6]. 

Coronaviruses are membrane enveloped viruses with 
large RNA genomes and a distinctive surface crown 
causing respiratory and enteric infections in humans 
and animals. In 2003, zoonotic transmission of SARS-
CoV caused a worldwide epidemic associated with 
more than 8,000 cases of severe acute respiratory syn-
drome (SARS) and a case-fatality rate of 10% [7].  

Monitoring of novel coronavirus
While the reservoir and mode of transmission of the 
novel coronavirus virus are under investigation, WHO 
and ECDC request that any probable or confirmed case 
that is diagnosed should rapidly (i) be reported to 
national authorities to enable them to take appropri-
ate public health measures, and (ii) be notified to WHO 
under the International Health Regulations (2005) and 
simultaneously through joint reporting system to the 
Early Warning and Response System (EWRS) for coun-
tries in the EU/EEA  [3,4,8]. 

In September 2012, Corman et al described the first 
diagnostic assays for the novel coronavirus [9]. These 
involve a two-step screening and confirmation test-
ing algorithm using newly developed specific RT-PCR 
assays that target the regions upstream of the E gene 
(the upE target; recommended for screening) and open 
reading frame 1b (ORF1b; recommended for confirma-
tion) [9]. Additional testing based on sequence analy-
sis of other viral genome targets or whole genome 
sequence determination from clinical material or cul-
ture isolate can also be used to confirm cases [2,6]. 

A number of pan-coronavirus RT-PCR assays have been 
described which target the polymerase gene of corona-
viruses used for the detection of known and unknown 
coronaviruses, including coronaviruses currently cir-
culating in humans such as hCoV-229E, hCoV-NL63, 
hCoV-OC43 and SARS-CoV [10-12]. Some of these pan-
coronavirus RT-PCR assays may be also used to detect 
the novel coronavirus. However, a positive result 
should be confirmed by screening for the specific 
targets described for hCoV-EMC, sequencing of the 
RT-PCR product and/or virus isolation [1,2,6]. 
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The rapid communication of technical protocols of 
validated diagnostic assays and distribution of posi-
tive RNA control material is essential to provide public 
health laboratories with the means to screen and con-
firm cases of this emerging viral disease and allow for 
appropriate public health response [4,8,13]. WHO is 
developing laboratory testing guidance on the detec-
tion of the novel coronavirus. To obtain background 
information for the updated guidance and to identify 
the needs for support by ECDC and WHO Regional 
Office for Europe to virology laboratories for case 
ascertainment across Europe, the capability of national 
laboratories was jointly investigated by questionnaire 
surveys.

Survey on novel coronavirus 
detection capabilities 
Two coordinated surveys were administered by email 
from ECDC and the WHO Regional Office. The ECDC sur-
vey was sent to the National Microbiology Focal Points 
of the 30 EU/EEA countries and in the EU accession 
country Croatia and to contact points for laboratories 
in the European Network for Diagnostics of “Imported” 
Viral Diseases (ENIVD) [14], on 26 November 2012. The 
Regional Office survey was sent to EuroFlu National 
Focal Points in 53 countries in the WHO European 
Region on 26 November 2012, with a deadline set 
for 29 November. Some EU/EEA institutions belong-
ing to more than one network received and returned 
both questionnaires. Reminders were sent to the net-
works after 29 November and an additional 10 replies, 
received by 3 December, were included in this report. 

The ECDC survey questions covered five areas: national 
laboratories involved in testing for novel coronavirus, 
availability of laboratory tests and positive controls, 
laboratory tests under development, sampling strategy 
and test referral, and need for support. The Regional 
Office survey questions covered the following areas: 
confirmation if the WHO-recognised National Influenza 
Centre (NIC) or other laboratory serve as national refer-
ence laboratory for novel coronavirus testing, availabil-
ity of laboratory tests and positive controls, and need 
for support. 

Data were validated with request for clarification by 
the survey respondents on 3 December and confirmed 
data were received by 4 December 2012. Hereafter data 
from both surveys were merged, duplicate responses 
removed and validated data analysed jointly by ECDC 
and Regional Office.

Survey results
The response rates were 93% (28/30 countries) for the 
EU/EEA countries included in the ECDC survey and 76% 
(40/53 countries) for the WHO Regional Office survey; 
taken together, the surveys captured data from 46/53 
of WHO European Region Member States and all EU/
EEA countries. In total, information was provided by 47 
countries responding to one or both questionnaires.
 The table indicates which molecular tests were avail-
able for novel coronavirus detection and confirma-
tion at national reference or expert laboratory level 
at the time of the survey. According to recommenda-
tions [9,14] screening by internal quality controlled 
upE- RT-PCR assay was available in 23/46 of respond-
ing WHO European Region countries and 19/30 EU/EEA 

Table 
Availability of laboratory tests for detection and confirmation of novel coronavirus in European Union/ European 
Economic Area countries and the member states of the World Health Organization European region, per country, 28 
November 2012

Experiment
Number of  countries

EU/EEA countries  (N=30) WHO European Region (N=46)
Screening tests according to [8]
No screening or confirmation test 7 17
upE RT-PCR (without positive control) 4 6
upE RT-PCR (with positive control) 19 23
Confirmation test according to [8])
Confirmation of positive upE RT-PCR by ORF1b RT-PCR 14 17
Confirmation of positive upE RT-PCR by sequencing of ORF1b 13 15 
Other confirmation tests
Confirmation of positive RT-PCR by sequencing of pan-
coronavirus RT-PCR product 10 11

Confirmation of positive RT-PCR by whole viral genome 
sequencing 7 8

EU/EEA: European Union/ European Economic Area; WHO World Health Organization
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countries. Confirmation of positive screened samples 
by either ORF1b - RT-PCR, other target RT-PCR assays 
with sequence analysis or whole genome sequence 
analysis was available in 18/30 EU/EEA countries and 
in 22/46 responding WHO European Region countries. 

The figure indicates the level of screening and confir-
mation assays available in the 47  responding coun-
tries, including 46 WHO European Region Member 
States, 27 EU Member States and three EEA countries, 
two of which are also Member States of WHO European 
Region.

Many countries indicated that their reference labora-
tories were developing specific molecular detection 
tests, serological assays or were awaiting positive RNA 
control material for RT-PCR assays. Therefore, it should 
be emphasised that the results presented here are an 
overview of laboratory tests in operation at the time of 
survey and will require updating as capacities are rap-
idly increasing in the participating countries.

In 25 countries, the NIC reported to be the national 
reference laboratory for novel coronavirus and in 17 
of these countries it was the only laboratory reporting 

diagnostic capability. In 10 countries, more than one 
laboratories were reported to perform novel corona-
virus diagnostic tests at national or regional levels. 
Twenty laboratories that reported diagnostic capability 
from 12 countries were members of ENIVD. 
Twelve of 25 countries with no confirmation capacity at 
national level reported referral arrangements to ship 
samples for testing in another country. 

Of note, laboratories in six EU/EEA countries indicated 
that samples had been tested to date for novel coro-
navirus from approximately 250 patients fulfilling the 
WHO definition patients under investigation. Of the 
nine cases reported so far to WHO from Saudi Arabia, 
Qatar and Jordan, in addition to in-country testing, 
three have been tested and confirmed by the Erasmus 
Medical Centre, Rotterdam, the Netherlands, the Health 
Protection Agency, London, United Kingdom, and the 
Robert Koch Institute, Berlin, Germany [2,5,6]. 

Conclusions
The findings of this study indicate an extensive deploy-
ment of newly developed novel coronavirus molecular 
detection assays among public health reference and 
expert virology laboratories in Europe within only two 

Figure
Countries in the World Health Organization (WHO) European Region with capacity for screening and confirmation of 
novel coronovairus infection, 28 November 2012

No response
No upE RT-PCR screening
Only upE RT-PCR screening without RNA control
Only upE RT-PCR screening with RNA control
PT-PCR screening and confirmation assays
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months after sequence information on the first reported 
case was made available. This deployment occurred 
to a greater extent in EU/EEA countries of the WHO 
European Region compared with south-east and east-
ern European countries. Screening tests were available 
in nearly half of countries of the WHO European Region 
and cross-border shipment arrangements were in place 
in many of those lacking domestic testing capacity. 

Our results will allow virologists and public health 
agencies, including ECDC and the WHO Regional Office, 
to remedy gaps within their laboratory networks. Such 
measures may include technical laboratory guidance 
and collaborative arrangements for cross-border refer-
ral testing of clinical materials, technical support such 
as distribution of reference control materials, assis-
tance with development of quality controlled sero-
logical assays and, if warranted in the longer term, 
provision of capacity building courses and external 
quality assessment schemes.
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On 24 October 2012, a patient with acute respiratory 
distress syndrome of unknown origin and symptom 
onset on 5 October was transferred from Qatar to a 
specialist lung clinic in Germany. Late diagnosis on 20 
November of an infection with the novel Coronavirus 
(NCoV) resulted in potential exposure of a consider-
able number of healthcare workers. Using a question-
naire we asked 123 identified contacts (120 hospital 
and three out-of-hospital contacts) about exposure to 
the patient. Eighty-five contacts provided blood for a 
serological test using a two-stage approach with an 
initial immunofluorescence assay as screening test, 
followed by recombinant immunofluorescence assays 
and a NCoV-specific serum neutralisation test. Of 123 
identified contacts nine had performed aerosol-gen-
erating procedures within the third or fourth week of 
illness, using personal protective equipment rarely or 
never, and two of these developed acute respiratory 
illness. Serology was negative for all nine. Further 76 
hospital contacts also tested negative, including two 
sera initially reactive in the screening test. The con-
tact investigation ruled out transmission to contacts 
after illness day 20. Our two-stage approach for sero-
logical testing may be used as a template for similar 
situations.

Introduction
A novel human coronavirus (NCoV) has recently 
emerged in the Arabian Peninsula. The first two 
reported cases infected by the novel agent, then pro-
visionally termed hCoV-EMC, occurred in June and 
September 2012, respectively [1-3]. As of 18 February 
2013, a total of 12 cases have been confirmed by WHO 
[4], including five deaths. Among five cases reported 
from the Kingdom of Saudi Arabia, three were part 
of a family cluster. Two further cases were linked to 
probable exposure in Qatar, and two cases were con-
firmed retrospectively, by diagnostic of respiratory 

specimens, from Jordan with disease onset in April 
2012. The latter were part of a cluster of 11 patients 
with acute respiratory symptoms linked to a hospital 
[5]. The most recent three cases identified constitute 
another cluster that occurred in the United Kingdom 
(UK) in January to February 2013 [4]. The index case in 
this cluster is a UK citizen with travel history to Saudi-
Arabia and Pakistan before symptom onset [5]. Two of 
his family members who had not travelled outside the 
UK and became ill were most likely infected through 
person-to-person transmission. While one of them had 
an underlying disease and died, the other presented 
with milder, influenza-like illness symptoms only. 

Because of the long period, 10 months, over which the 
cases occurred, the source and transmission patterns 
of the virus remain elusive. Hypotheses include a pre-
dominance of zoonotic acquisitions with little poten-
tial for human-to-human transmission [5], widespread 
and unnoticed occurrence of clinically mild infections, 
and finally the possibility of an early-stage epidemic 
caused by a highly pathogenic novel human virus.

Because of the potential of human-to-human trans-
mission in the hospital outbreak in Jordan and the 
family clusters, as well as the observed severity of 
disease, current recommendations regarding protec-
tive measures rely on experiences with severe acute 
respiratory syndrome (SARS) in 2003 [6]. The first of 
the two Qatari patients was treated in the UK where, 
under strict isolation measures, no secondary cases 
occurred. Investigations by polymerase chain reaction 
(PCR) of 10 healthcare workers (HCW) who had cared 
for the patient and subsequently developed mild res-
piratory disease yielded no evidence of infection [7]. 
However, to date, published investigations of individu-
als with proven exposure to NCoV have not presented 
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a strategy how to identify retrospectively infections in 
a large group of (contact) persons through serological 
testing. 

On 22 November 2012, the Robert Koch Institute 
in Berlin, Germany, was informed according to the 
International Health Regulations [8] about a case 
of NCoV infection in a Quatari patient in his forties, 
treated in Germany (Figure). After an acute onset of 
symptoms on 5 October, he had been admitted to a 
hospital in Doha, Qatar, on 13 October, where he devel-
oped respiratory failure requiring ventilation, and was 
reported to have had temporary renal impairment. On 
24 October, he was transferred to a specialist lung 
hospital in Essen, Germany. A respiratory sample had 
been taken in Qatar on 17 October. After some delay 
due to difficulties with the shipment of specimens, 
the sample tested positive for NCoV in a laboratory in 
the UK. The result was consequently communicated by 
the UK Health Protection Agency to the World Health 
Organization (WHO) on 21 November 2012. Until that 
date the hospital in Essen had not considered NCoV in 
the differential diagnoses for the patient. Only routine 
personal protection of HCW and no specific measures 
of respiratory protection had been followed during the 
whole course of treatment in the intensive care unit 
(ICU). After weeks of mechanical ventilation in ICU, the 
patient was discharged on 21 November. A lag time of 
four weeks between patient transfer and laboratory 
confirmation of the NCoV infection resulted in potential 
exposure of a considerable number of HCW in Germany. 
Here we report on an interview with the patient asking 
for potential sources of infection, the investigation of 

individuals exposed to the patient, virological investi-
gation of respiratory samples from the patient as well 
as an approach used to test retrospectively a large 
number of contacts.

Methods

Patient interview and samples for 
laboratory investigation
After the patient had recovered he was interviewed in 
person. The interview was conducted in Arabic with 
the help of an interpreter. It was targeted at potential 
modes of acquisition of the infection. The question-
naire contained questions about the early course of 
disease, social status, living conditions, profession, 
hobbies and regular activities, exposure to animals, 
eating habits, and contacts with individuals with res-
piratory illness in the 10 days before his illness onset. 

We searched for stored respiratory and blood samples 
at the hospital laboratory that were still available to be 
tested for NCoV and identified a specimen that origi-
nated from a bronchioalveolar lavage (BAL) done on 25 
October, illness day 20 (i.e. late third illness week), as 
well as a serum sample from the same day. In addition, 
on 23 November (eighth illness week), we took a phar-
yngeal wash and a serum sample from the patient after 
he was discharged and had started his rehabilitation 
program on 21 November. Both respiratory samples 
were tested by real-time reverse-transcription (RT)-
PCR. The first sample was also subjected to virus isola-
tion in LLC-MK2 cells. 

Figure
Timeline of disease of novel coronavirus case and possible exposure of healthcare workers, Germany October–November 2012

BAL: bronchoalveolar lavage; IHR: International Health Regulations; NCoV: novel coronavirus; PCR: polymerase chain reaction; RKI: Robert 
Koch Institute.
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Contact investigation
Contact persons were identified based on electronic 
procedures registration, supplemented by a targeted 
request to HCW to report contact with the patient while 
in ICU (and during the transport to the hospital). The 
electronic registration of procedures requires that any 
person performing a task in the patient’s room must 
sign in, sign out and document which procedure was 
conducted. Using a standardised questionnaire, infor-
mation was collected about the time of the first con-
tact, types of contact, closest distance to the patient, 
frequency of using a surgical face mask when in con-
tact with the patient, and occurrence of acute respira-
tory illness (ARI) up to ten days after the last contact 
with the patient. No information was collected on the 
duration or frequency of contact. 

Consenting individuals gave blood for serological test-
ing on one of three dates (3, 7 or 14 December). The 
median interval from first patient contact to venipunc-
ture was 39 days (range: 13–50 days). Contacts were 
considered at high risk if they had their first contact 
with the patient at the beginning of his stay in ICU, 
i.e. at the end of the patient ś third or fourth week of 
illness, if they had conducted an aerosol-generating 
procedure, such as suctioning the intubated patient or 
performing a BAL, and if they had rarely or never used 
surgical face masks while caring for the patient. 

Laboratory methods
Nucleic acid detection was performed by RT-PCR 
as described previously [9,10] after viral RNA was 
extracted from 300 µl of bronchioalveolar lavage using 
the MagAttract Viral RNA Kit M48 (Qiagen GmbH, 
Hilden, Germany). 

Serological testing was performed in a two-stage 
approach. As a first step, screening for antibodies 
reactive to NCoV was done by indirect immunofluo-
rescence assay (IFA) as described previously [10]. 
Preliminary evaluation of IFA on 50 sera from blood 
donors yielded no reactivity. For resolution of reac-
tive results, IFA was done on Vero B4 cells expressing 
recombinant spike (S) and nucleocapsid (N) proteins of 
NCoV, SARS-CoV, hCoV-OC43, and hCoV-NL63. Details 
of procedures for recombinant IFA are outlined in 
Corman et al. [10]. For serum neutralisation tests (SNT), 
Vero B4 cells were grown to subconfluence in 24 well 
plates. Preincubation involved 25 plaque-forming units 
of NCoV in 100 µl of medium, mixed 1:1 with patient 
sera prediluted in medium as indicated. The starting 
dilution was 1:8. After 1 h incubation at 37 °C, each 
well was infected for 1 h at 37 °C using the total 200 
µl preincubation reaction. Supernatants were removed 
and overlaid with Avicell resin exactly as described by 
Herzog et al. [11]. Assays were terminated and stained 
after three days.

Statistical tests
Comparison of frequency distributions were done using 
Fisher’s exact test. 

Ethical clearance and data protection
The contact investigation was carried out based on 
legal requirements of the Protection against Infection 
Act of Germany [12] and the International Health 
Regulations [8], and was led by the local health author-
ities. After information about the investigation and its 
aims, contacts signed a consent form if they agreed 
with the analysis of blood samples. All questionnaires 
and samples were fully anonymised before analysis. 

Results

Patient interview
The patient reported to live in Doha, Qatar. He used to 
be a heavy smoker (2 to 3 packs of cigarettes per day), 
but denied smoking waterpipe or chewing qat. Disease 
onset was rapid, with initial symptoms including fever 
(40 °C), cough, runny nose, and shortness of breath. 
Subjective weakness was pronounced. After the first 
two days of illness he improved a little but deterio-
rated again, and was finally admitted to hospital on 
day eight of illness because of increasing dyspnoea. 
He reported no subjective symptoms of renal impair-
ment such as foamy urine, reduced urine output, or 
back pain. He had not travelled and had no known con-
tact with any other reported cases of NCoV infection. 
The patient owned a camel and goat farm and reported 
a large number of casual contacts (approx. 50 persons 
per day) on a regular basis. He remembered that before 
his disease onset some goats were ill and had fever. 
He did not have direct contact with the goats or any 
other animals especially falcons or bats, but said he 
had eaten goat meat. He also reported to have had 
contact with one of his animal caretakers who was ill 
with severe cough and was hospitalised. Other than 
the animal caretaker, he did not remember persons 
with severe respiratory illnesses in his wider or closer 
social environment. 

Patient samples
 Virus detection in the initial sample from illness day 20 
and preliminary serological investigations have been 
described by Corman et al. [10]. Isolation of virus in cell 
culture failed. Serological testing yielded an IgM titre 
against NCoV of 1:1,000 and an IgG titre of 1:10,000 
at day 20 (week three) of illness. At week eight of ill-
ness the IgG titre was still at 1:10,000 while the IgM 
titre had already decreased to 1:100. SNT titres against 
NCoV were 1:640 at week three and 1:640 at week eight 
of illness. The pharyngeal wash sample taken on 23 
November 2012 (week eight of illness) tested negative 
by real-time RT-PCR. 

Contact investigation
We identified 120 hospital and three out-of-hospital 
contacts, including the interpreter of the patient. 
Protective measures were largely limited to HCW wear-
ing gloves and gowns when providing intimate care and 
use of surgical face masks during suctioning. From 31 
October until 4 November (illness weeks five and six), 
the patient was isolated using barrier nursing due to 



59www.eurosurveillance.org

a concurrent Pseudomonas aeruginosa infection. This 
included use of surgical masks only. Among the 120 
hospital contacts the largest group were nurses (n=59; 
49%), followed by physicians (n=26; 22%) and labo-
ratory technicians (n=15; 13%) (Table 1). Median time 
from first contact to venipuncture was 39 days (range: 
13–50 days). 

Eighty-five (69%) of all respondents reported contact 
at a distance of less than or equal to 2 m, 14 (11%) of 
more than 2 m, and 24 (20%) of unknown distance 
to the patient. Frequency of ARI by week of first con-
tact differed significantly among the groups (Table 
1). However, there was no trend in the ARI proportion 
over time: eight of 33 contacts with first exposure dur-
ing illness weeks three or four experienced ARI within 
10 days of last contact; five of nine contacts with first 
exposure during the patient’s fifth week of illness; and 
none of 14 with first contact during week six of illness 
developed ARI. 

Among 81 contacts reporting exposure within 2 m, 21 
had ARI compared to none of 14 with contact of more 
than 2 m (p value; 0.04) (Table 1). Among those with 
first exposure in week three or four of illness of the 
patient, the proportion of contacts with ARI was not 
significantly different between those considered to be 
at high risk and the remaining contacts (p value, 0.87) 
(Table 1). Thirteen HCW had contact to the patient in 
weeks three or four of illness, had contact within 2 m 
to the patient and had worn surgical face masks rarely 
or never. Among these, nine were high-risk contacts, 
including one nurse who assisted in a bronchoscopy 
on 25 October. All nine provided a blood sample. The 
median time after last contact with the patient for 
these nine HCW was 32 days (range: 13–46 days). No 
sample was reactive by IFA. 

Of the remaining 76 blood samples, one serum showed 
reactivity for IgM even at dilutions up to 1:100. This titre 
could be resolved as a cross-reacting recent infection 
with hCoV-NL63 by IFA using recombinant S and N pro-
teins from major hCoVs (Table 2), as well as absence of 
NCoV-specific neutralising antibodies. Another serum 
showed indeterminate IgG-reactivity in a 1:10 dilution. 
Specific anti-NCoV antibodies were ruled out by recom-
binant IFA, indicating earlier infection with hCoV-OC43 
and hCoV-NL63, as well as absence of any significant 
titre in SNT (Table 2). 

Discussion
Here we describe a case and contact investigation of 
a laboratory-confirmed patient with NCoV infection for 
whom the suspicion of this possible aetiology had not 
been discussed with the treating hospital upon admis-
sion of the patient. The patient still tested PCR-positive 
late in his third week of illness. Despite this we con-
cluded from the laboratory findings that his infectious-
ness was then absent or very low. While at that time no 
consistent dedicated personal protective measures had 
been applied by HCW caring for the patient, our public 

health investigation did not show infection in any of 
the 85 serologically tested contact persons, mainly 
HCW. The conducted serological two-stage approach 
was an effective method of screening a large number 
of contact persons for infection. 

For initial risk assessment, after the information in 
November about the cause of the patient’s disease, it 
was important to know if he had been potentially infec-
tious at the time of arrival at the hospital in Germany 
in October. One stored respiratory sample taken at the 
time of admission, yielded clear, albeit very low quan-
tities of NCoV RNA in the range of 66.5 to 100 copies 
per mL [10]. Attempts to isolate virus from this sample 
were unsuccessful. Even though the sample had been 
stored for prolonged time under less-than-optimal 
conditions, these combined RT-PCR and cell culture 
data suggested absent or very low infectiousness at 
the time of admission. Negative RT-PCR four weeks 
later, just after discharge from hospital, suggested the 
patient had cleared the virus, and no further respira-
tory precautions were necessary upon admission to the 
rehabilitation centre. 

Nevertheless, anxiety and lack of any other epidemi-
ological data made it necessary to gauge rapidly the 
significance of some cases of ARI experienced in HCW 
who had been in contact with the patient. Our data 
yielded no direct correlation of ARI rates with time of 
exposure. In particular, those contacts considered at 
highest risk had no more ARI than other contacts who 
also had their first contact with the patient during the 
third or fourth illness week. 

In the context of a retrospective contact investigation, 
our two-staged serological approach proved effec-
tive in ruling out any NCoV infections among contacts 
including those who developed acute respiratory dis-
ease. Preliminary screening using a generic serologi-
cal test provides a reliable result for negative samples. 
Hereafter only positive or indeterminate results need 
to be further scrutinised using the described methods. 

During two interviews that the patient kindly agreed to, 
we explored a wide spectrum of factors that he might 
have been exposed to. Even though NCoV is geneti-
cally similar to bat coronaviruses [1,13,14], other ani-
mals may serve as (intermediate) host as well. While 
our patient denied contact to bats, he remembered 
ill goats among the animals on his farm. Albarrak et 
al. reported that the first Saudi case was exposed to 
farm animals, but the first Qatari patient and the sec-
ond Saudi patient were not [15]. Although our patient 
reported no direct contact with his animals, one ani-
mal caretaker working for him was ill with cough and 
might have been an intermediate link in the chain of 
infection. 

Coronaviruses do infect ruminants such as goats 
[16] and thus goats could be considered as a possi-
ble source of origin for the novel virus, particularly in 
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Table 1
Profession, type of contact, occurrence of acute respiratory illness and serological results in contacts of case of novel 
coronavirus infection, Germany October–November 2012

Variable N N (with 
information) %  P valuea

Contacts 123 123 100 –
Hospital staff 120 123 98 –
Out-of-hospital persons 3 123 2 –
Response to questionnaire 110 123 89 –
Acute respiratory infection 24 104 23 –
Provided blood sample 85 123 69 –
Interval between first contact and venipuncture (n=48) median: 39 days (range: 13–50) –
Serology for antibodies against NCoV
Positive 0 85 0 –
Negative 85 85 100 –
Professional group among hospital staff
Nursing staff 59 120 49 –
Physicians 26 120 22 –
Laboratory technicians 15 120 13 –
Physician and team assistants 13 120 11 –
Physiotherapists 4 120 3 –
House maintenance 4 120 3 –
Cleaning staff 2 120 2 –
Contact distance to patients
≤2 metres 85 123 69 –
>2 metres 14 123 11 –
Unknown 24 123 20 –
First contact in the 3rd or 4th week of patient’s illness
Yes 36 123 29 –
Later or unknown 87 123 71 –
ARI by contact distance to patients
≤2 metres 21 81 26

0.04
> 2 metres 0 14 0
ARI by week of first contact
3rd/4th illness week 8 33 24

<0.015th illness week 5 9 56
6th illness week or later 0 17 0
ARI in those exposed in 3rd or 4th week, by risk level
High risk, i.e. performing aerosol-generating procedures,
face mask rarely/not worn 2 9 22

0.87
All others  6 24 25
High-risk contactsb

who provided blood 9 9 100 –
Interval between last contact and venipuncture (n=9) median: 27 days (range: 12–46) –

ARI: acute respiratory illness; NCoV: novel coronavirus.
a	 Based on Fisher’s exact test.
b	 A high-risk contact is a contact who had contact in the (3rd or) 4th week of the patient’s illness, performed aerosol-generating procedures 

and wore face mask rarely or not at all.
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the geographical and cultural context of our patient. 
Recent experimental studies have found that NCoV can 
infect and replicate in cells of various species including 
humans, swine, monkeys and bats, suggesting a more 
promiscuous host specificity compared to other human 
coronaviruses such as SARS CoV [17]. Susceptibility of 
goat cells was not tested, but it cannot be excluded 
that NCoV might infect this species as well. 

Especially hospitals with ICU, specialist lung hospitals 
and similar facilities should consider NCoV in patients 
with severe respiratory disease of unknown aetiology. 
These patients should be tested for the novel virus as 
well as pathogens causing illnesses that need to be 
considered for differential diagnosis in severe lung dis-
ease. Full personal protective equipment such as rec-
ommended for handling patients with SARS, including 
N95 masks independent of the procedure performed, 
should be used by HCW in such cases, and responsi-
ble public health agencies should be informed timely. 
In general, it is prudent that HCW in contact with any 
patient with a severe respiratory illness of unknown 
origin apply droplet precautions. Should patients with 
suspected NCoV infections be transferred for special 

treatment it is important to fully inform the receiving 
hospital. Public health management recommendations 
should be further informed through future research 
that include the route, amount and duration of virus 
shedding. In addition, more information is needed 
on the ability of the virus to transmit from person to 
person. 

Our investigation has some important limitations. We 
have not obtained a questionnaire and blood from all 
contacts of this patient. Nevertheless, response rate 
was high and information on contacts with the highest 
risk for infection was complete. Available information 
on the interval between exposure and venipuncture 
could only be approximated because contacts were 
exposed over more than one day. In our study we used 
the day of first contact because the patient was likely 
most infectious at this point in time. Theoretically, 
seroconversion may have occurred in some after con-
tacts had provided blood. However, the need to rap-
idly evaluate the situation urged us to commence the 
contact investigation immediately. A further limitation 
is that the patient’s negative result of virus isolation 
could have been due to the long storage time of the 

Table 2
Cross-reactivity test on contact persons and of case of novel coronavirus infection (at week 3 and week 8 of illness) with 
recombinant spike and nucleocapsid indirect fluorescence antibody testa, Germany October–November 2012

Virus Antibody type Contact 1 Contact 2 Patient
(week 3)

Patient
(week 8) Negative controlb

NCoV

Spike
IgMc +/− +/− >1:320d >1:320 −
IgG − − >1:320 >1:320 −

Nucleocapsid
IgM − 1:20 ND − −
IgG  – +/− ND + −

SARS-CoV

Spike
IgM +/− − ND + −
IgG − − ND − −

Nucleocapsid
IgM −  − ND − −
IgG − − ND − ++

hCoV-OC43

Spike
IgM +/− / + − + + −
IgG ++ >1:80 ++ ++ +++

Nucleocapsid
IgM − − +/− +/− −
IgG +/− / + +/- +/− / + +/− / + +

hCoV-NL63

Spike
IgM 1:80 +/− 1:80 >1:320 −
IgG >1:320 1:20 >1:320 >1:320 −

Nucleocapsid
IgM −. − ND  − −
IgG ++ +/− ND +/− / + −

CoV: Corona virus; hCov: human coronavirus; NCoV: novel coronavirus; ND: not done; SARS: severe acute respiratory syndrome.
a	 All sera were applied in a 1:20 dilution and rated from negative (−), intermediate (+/−) to positive (+ until +++).
b	 A non-patient contact negative-control serum.
c	 IgG depleted.
d	 Titres (selective) were determined by serial dilutions in a range of 1:20 to 1:640.
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sample – in contrast to our favoured hypothesis of low 
RNA concentration. 

In spite of this, we believe that it is fair to conclude the 
patient’s infectiousness on illness day 20 was absent 
or very low. Our contact investigation has found no 
evidence of infection among hospital or out-of-hospi-
tal contacts. Our two-staged approach to serological 
screening where a first-line testing is done by full-virus 
IFA and supplemented by confirmatory recombinant IFA 
and SNT should provide a template for similar investi-
gations in the future. Finally, if patients suspected to 
be infected with NCoV are to be transferred for special-
ised treatment, receiving hospitals need to be informed 
so that appropriate infection control measures can be 
implemented. 
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Detection of human cases of Middle East Respiratory 
Syndrome Coronavirus (MERS-CoV) infection interna-
tionally is a global public health concern. Rigorous 
risk assessment is particularly challenging in a con-
text where surveillance may be subject to under-ascer-
tainment and a selection bias towards more severe 
cases. We would like to assess whether the virus is 
capable of causing widespread human epidemics, and 
whether self-sustaining transmission is already under 
way. Here we review possible transmission scenarios 
for MERS-CoV and their implications for risk assess-
ment and control. We discuss how existing data, future 
investigations and analyses may help in reducing 
uncertainty and refining the public health risk assess-
ment and present analytical approaches that allow 
robust assessment of epidemiological characteristics, 
even from partial and biased surveillance data. Finally, 
we urge that adequate data be collected on future 
cases to permit rigorous assessment of the transmis-
sion characteristics and severity of MERS-CoV, and the 
public health threat it may pose. Going beyond mini-
mal case reporting, open international collaboration, 
under the guidance of the World Health Organization 
and the International Health Regulations, will impact 
on how this potential epidemic unfolds and prospects 
for control.

As of 30 May 2013, 50 laboratory-confirmed cases of 
Middle East Respiratory Syndrome Coronavirus (MERS-
CoV) infection have occurred worldwide [1]. An appar-
ently high case-fatality ratio (60%; 30 deaths as of 
30 May 2013 [1]) and growing evidence that human-
to-human transmission is occurring [2] make MERS-
CoV a threat to global health. The current situation 
has already been compared to the early stages of the 
severe acute respiratory syndrome (SARS) epidemic in 
2003 [3,4]. 

No animal reservoir has yet been identified for MERS-
CoV, and yet human cases, mostly severe, have been 
detected over a wide geographical area in the Middle 
East and Europe. If most human cases to date have 

arisen from animal exposure, this implies a large but 
as yet uncharacterised zoonotic epidemic is under way 
in animal species to which humans have frequent expo-
sure (Figure 1A). In this scenario, we might expect rela-
tively small numbers of human cases overall, though 
with the limited surveillance data available to date, we 
cannot rule out the possibility that substantial num-
bers of human cases, with milder disease, have gone 
undetected. 

Even if most human cases to date have been infected 
through zoonotic exposure, is it possible that MERS-
CoV already has the potential to support sustained 
human-to-human transmission but has by chance so 
far failed to do so? 

Alternatively, how feasible is it that most of the severe 
MERS-CoV cases detected to date were in fact infected 
via human-to-human transmission and that the epi-
demic is already self-sustaining in human populations 
(Figure 1B)? Under this transmission scenario, substan-
tial numbers of human infections may have already 
occurred, with only a small proportion of them being 
detected. But is it feasible that such an epidemic would 
not have been recognised? 

Each of these scenarios has very different implications 
for the assessment of severity, relevance of reservoir-
targeted strategies and potential impact of MERS-CoV 
globally. Although it may not be possible to completely 
rule out any of the scenarios with the data currently 
available, it is timely to consider the priorities for data 
collection and analysis as cases accrue, so as to best 
be able to reduce uncertainty and refine the public 
health risk assessment.  

Transmission scenarios for 
an emerging infection
The human-to-human transmissibility (and thus epi-
demic potential) of an emerging pathogen is quantified 
by the (effective) reproduction number, R, the average 
number of secondary infections caused by an index 
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human infection. Depending on the value of R, differ-
ent transmission scenarios are possible, as described 
below.  

Scenario 1: subcritical outbreaks (R<1)
If R<1, a single spill-over event from a reservoir into 
human populations may generate a cluster of cases via 
human-to-human transmission, but cannot generate a 
disseminated, self-sustaining epidemic in humans. The 
number of human infections expected under this sce-
nario is roughly proportional to the number of zoonotic 
introductions of the virus into the human population, 
with a multiplier, 1/(1−R), that increases with R (twofold 
if R=0.5, but 10-fold if R=0.9). 

In this scenario, human infections can be mitigated by 
controlling the epidemic in the reservoir and/or pre-
venting human exposure to the reservoir. Examples of 
this scenario are A(H5N1) and A(H7N9) avian influenzas.

Scenario 2: supercritical outbreaks (R>1 
but epidemic has not yet become self-
sustaining in human populations)
If R>1, a self-sustaining epidemic in humans is possi-
ble but emergence following introduction is a chance 
event: many chains of transmission may extinguish 
themselves by chance, especially if R is close to 1. In 
the case of SARS, for example, where ‘super-spread-
ing’ events played an important role in transmission 
(i.e. a small proportion of cases were responsible for 
a large proportion of onward transmission), it has 
been estimated that there was only a 24% probabil-
ity that a single introduction would generate a self-
sustaining epidemic [5] (following [5], we technically 
define ‘super-spreading’ events by an over-dispersion 
parameter k=0.16; the absence of super-spreading 
events is defined by k=0.5). This is because if the first 
cases were not part of a super-spreading event, they 
would be unlikely to generate further cases. However, 

Figure 1
Two illustrative scenarios for transmission of Middle East Respiratory Syndrome Coronavirus (MERS-CoV)

A.	Few human-to-human infection events have occurred and observed clusters have arisen from separate spill-over events (i.e. introductions 
from the animal reservoir into human populations).

B. Many undetected human-to-human transmission events have occurred and the epidemic is already self-sustaining. 
 

A. Spill-over 
events from the 
reservoir

B. Sustained 
transmission
in humans

Undetected human case

Human case detected by 
surveillance

Transmission from the reservoir

Human-to-human transmission
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in this scenario, a self-sustaining epidemic is eventu-
ally inevitable if zoonotic introductions into the human 
population continue (Figure 2). As with the subcritical 
scenario (R<1), reducing infections from the reservoir is 
critical to reducing the public health risk. 

Scenario 3: self-sustaining epidemic (R>1)
If R>1 and the epidemic has become self-sustaining 
in humans, the number of human cases is expected 
to grow exponentially over time. The rate of growth 
increases with R, but decreases with the mean genera-
tion time (GT), the time lag from infection of an index 
case to infection of those they infect. For example, for 
an eight-day GT – similar to that of SARS – once self-
sustaining, the number of human cases is expected to 
double about every week if R=2, but only about every 
month if R=1.2. Although chance effects may mask 
exponential growth early in the epidemic, a clear sig-
nal of increasing incidence would be expected once the 
number of prevalent infections increases sufficiently 
[6]. If case ascertainment remains constant over time, 
the incidence of detected cases would be expected to 
track that of underlying infections, even if only a small 
proportion of cases are detected. Once the epidemic is 
self-sustaining, control of the epidemic in the reservoir 
would have limited impact on the epidemic in humans. 

Publicly available data
As of 30 May 2013, 50 confirmed cases of MERS-CoV 
have been reported with symptom onset since April 
2012 from Saudi Arabia, Jordan, Qatar, United Arab 
Emirates, the United Kingdom (UK), France and Tunisia 

[1,2,7-24]. There are additional probable cases from 
Jordan, Saudi Arabia and Tunisia [1,12,14]. Information 
on animal exposures is limited and the animal reser-
voir has not yet been identified. However, we suspect 
that some of the cases may have arisen from zoonotic 
exposure in the Arabian Peninsula. Human-to-human 
transmission is suspected in several familial and 
healthcare facility clusters in Saudi Arabia, Jordan UK 
and France. We understand that follow-up investiga-
tions of contacts of the confirmed MERS-CoV cases 
have taken place by Ministry of Health officials in 
affected countries, finding no evidence of additional 
symptomatic infection [7-10,15-19]. At this stage, it is 
difficult to ascertain whether other primary zoonotic or 
secondary human-to-human cases have been missed. 
Most cases have been reported as severe disease (40 
of 44 with documented severity) and 30 (as of 30 May 
2013) have been fatal [25]. Table 1 summarises data for 
each cluster.

Urgent data needs
Existing and additional data will help characterise the 
MERS-CoV transmission scenario. Many appeals for 
data have been brought forward by several experts 
and institutions such as the World Health Organization 
(WHO). We support this and summarise data require-
ments and the studies required to collect such data are 
summarised in Table 2. We illustrate here how these 
data may be analysed and interpreted with adequate 
statistical techniques [26-28].

Line-list data on confirmed cases
The spatio-temporal dynamics of cases may be used to 
ascertain whether the epidemic is self-sustaining and 
if so, to characterise human-to-human transmission 
[27-29]. It is therefore important that detailed epidemi-
ological information is recorded for all confirmed and 
probable cases. 

Identification of the reservoir 
species and exposure data 
The importance of identifying animal reservoir(s) and 
understanding human exposure to reservoir species 
(e.g. direct contact, contact via contaminated food) is 
well recognised. Once the reservoir has been identi-
fied, any exposure of MERS-CoV human cases to that 
reservoir should be documented in epidemiological 
investigations. Currently, the uncertainty regarding 
reservoirs and modes of transmission mean that only 
five of 50 cases can reliably be classified as ‘human-
to-human’ transmission, with the source of infection 
unclear for the remainder. 

If none of the MERS-CoV cases detected by routine sur-
veillance had exposure to the reservoir(s), this would 
clearly indicate that an epidemic in humans is already 
self-sustaining [26]. By contrast, if a substantial pro-
portion of cases have been exposed to the reservoir(s), 
it may be possible to rule out the hypothesis that R≥1.

Figure 2
Probability that the epidemic has become self-sustaining 
in humans after n introductions from the reservoir if R>1

R: reproduction number.

This probability depends not only on R but also on the presence of 
super- spreading events (SSE) (without SSE: plain line; with SSE: 
dotted line). Values R=3 and R=1.2 were selected for illustrative 
purposes.
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A similar analytical approach can be used to assess 
local levels of transmission in countries where MERS-
CoV cases are imported from abroad. We can determine 
if there is self-sustaining transmission in a country by 
monitoring the proportion of cases detected by rou-
tine surveillance with a travel history to other affected 
countries [26]. 

If reservoir exposure cannot be found in spite of 
detailed epidemiological investigations, this may 
indicate that the epidemic is already self-sustaining 
in humans. It is therefore important that efforts to 
identify the reservoir are documented even if they are 
unsuccessful. To date, very few of the 50 cases have 
reported contact with animals [1].

Thorough epidemiological investigations 
of clusters of human cases
Thorough and systematic epidemiological investiga-
tions – including contact tracing of all household, 
familial, social and occupational contacts, with virolog-
ical and immunological testing – permits assessment 
of the extent of human infection with MERS-CoV among 
contacts of confirmed cases [29]. In this context, viro-
logical and serological testing is important for ascer-
taining secondary infections. 

As stated above, if R>1, human-to-human transmis-
sion will eventually become self-sustaining after a 
sufficiently large number of virus introductions. So, if 
thorough cluster investigations indicate that all intro-
ductions to date have failed to generate large out-
breaks, we can derive an upper bound for R (Figure 3). 
The distribution of cluster sizes can also be used to 
estimate R [30,31]. 

Routine surveillance is likely to be biased towards 
severe cases. As a consequence, the case-fatality ratio 
estimated from cases detected by routine surveillance 
may be a substantial overestimate. Secondary cases 
detected during thorough epidemiological investiga-
tions of human clusters are expected to constitute a 
more representative sample of cases in general, mean-
ing more reliable estimates of severity will be obtained 
by recording clinical outcomes in this subset of cases. 
Seroepidemiological studies allow for better character-
isation of the spectrum of disease, and for the calcula-
tion of the proportion of asymptomatic or subclinical 
infections [29].

Population-level data
Once reliable serological assays are available to 
measure levels of antibodies to MERS-CoV, it will be 

Table 1
Summary information per cluster of Middle East Respiratory Syndrome Coronavirus (MERS-CoV) infection, as of  
30 May 2013

Cluster ID Country identified Date of 
reporting 

Date first                 
symptom 

onset

Number of  
confirmed                    

cases

Number of cases 
infected by 

human-to-human 
transmission

Number of  
reported 
probable 

cases

References

1 Saudia Arabia 20 Sep 2012 13 Jun 2012 1 0 0 [1,19]

2 Saudia Arabia 1 Nov 2012 5 Oct 2012 3 0 1 [1,13]

3 Saudia Arabia 4 Nov 2012 9 Oct 2012 1 0 0 [7,21]

4 Jordan 30 Nov 2012 21 Mar 12 2 0 9 [1,12]

5 United Kingdom 22 Sep 2012 3 Sep 2012 1 0 0 [8]

6 Germany 1 Nov 2012 1 Oct 2012 1 0 0 [1,9]

7 United Kingdom 11 Feb 2013 24 Jan 2013 3 2 0 [1,2]

8 Saudia Arabia 21 Feb 2013 NR 1 0 0 [1]

9 Saudia Arabia 7 Mar 2013 NR 1 0 0 [1]

10 Saudia Arabia 12 Mar 2013 24 Feb 2013 2 0 0 [1]

11 Germany 26 Mar 2013 NR 1 0 0 [1]

12 Saudia Arabia 9 May 2013 6 Apr 2013 21 Unknown 0 [20,22-24]

13 France 9 May 2013 22 Apr 2013 2 0 0 [1,11]

14 Saudia Arabia 14 May 2013 25 Apr 2013 1 0 0 [1]

15 Saudia Arabia 18 May 2013 28 Apr 2013 1 0 0 [1]

16 Tunisia 22 May 2013 NR 2 2 1 [1]

17 Saudia Arabia 22 May 2013 NR 1 0 0 [1]

18 Saudia Arabia 28 May 2013 12 May 2013 5 Unknown 0 [1]

NR: not reported. 
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important to undertake serological surveys in commu-
nities affected early to assess the prevalence of MERS-
CoV infection. Should MERS-CoV cases continue to 
arise in those communities, a rapid follow-up study to 
collect paired serum samples would be highly valuable. 
Even a relatively small number of paired sera (about 
1,000) could be used to estimate underlying infection 
rates and refine estimates of severity [32].

Conclusions
We have described three possible transmission scenar-
ios for the emergence of a novel human pathogen from 
a suspected zoonotic reservoir, with different implica-
tions for risk assessment and control. 

The most optimistic scenario is that R<1, and thus 
there is no immediate threat of a large-scale human 
epidemic. In this scenario, identifying the reservoir 
will inform efforts to limit human exposure. Detailed 
genetic investigations and estimation of R are also 
important for determining the selection pressure and 
opportunity for the virus to evolve higher human trans-
missibility [33]. 

If R>1 but by chance MERS-CoV has not yet generated a 
self-sustaining epidemic, the total number of animal-
to-human infections must have been relatively small. 

This would suggest that the severe cases that have 
been detected are not the tip of the iceberg and that 
disease severity is therefore high. 

The final possibility is that R>1 and that human-to-
human transmission is already self-sustaining. If this 
is the case, R must still be relatively low (i.e. <2) unless 
transmission only began to be self-sustaining in the 
recent past (e.g. early 2013). In this scenario, overall 
human case numbers might already be relatively large, 
suggesting that severity may be substantially lower 
than it appears from current case reports. Rapid imple-
mentation of infection control measures upon detec-
tion of MERS-CoV cases may be limiting onward spread 
beyond close contacts, and may explain the lack of 
clear-cut evidence from the epidemiological data avail-
able thus far that human-to-human transmission is 
self-sustaining. 

Given the current level of uncertainty around MERS-
CoV, it is important that adequate data are collected 
on future cases to underpin rigorous assessment of 
the transmission characteristics and severity of MERS-
CoV, and the public health threat it may pose. This 
paper has reviewed the epidemiological investigations 
needed (Table 2); use of standard protocols – being 
developed by several groups; see available protocols 

Table 2
Assessing the transmission scenario of a zoonotic virus: data requirements, suggested investigations, parameter estimation 
and policy implications

Improved 
knowledge Data requirements Recommended study 

investigations
Parameter 
estimation Policy implications

Identification of 
reservoir species 
and exposure 
data

•	Identification of the source of 
infection, of animal reservoir 
specie(s) and of amplifier 
specie(s)

•	Exposure history of confirmed 
and probable cases

•	Animal studies
•	Detailed exposure history 

collected during initial 
investigations of suspected 
cases

•	Test if R>1

•	Mitigation measures can 
be implemented to reduce 
transmission from the 
source to humans

•	Determine if epidemic is 
self-sustaining in humans

Thorough 
epidemiological 
investigations of 
clusters of human 
casesb

•	Data as above, plus
•	Detailed epidemiological 

investigations of all cases to 
determine cluster size

Epidemiological, virological 
and serologicala investigations 
of: 

•	close familial, social and 
occupational contacts of 
MERS-CoV confirmed and 
probable cases

•	healthcare workers caring 
for MERS-CoV patients

•	Estimate R
•	Estimate the 

generation time
•	Estimate 

severity 
parameters

•	Make an assessment of 
severity

•	Determine if epidemic is 
self-sustaining in humans

•	Guide efforts for prevention 
of (human-to-human) 
transmission

Population-level 
infection datab

•	Estimates of population-level 
seroprevalence

•	Community-based 
seroepidemiologicala 
studies

•	Estimate the 
extent of 
infection in 
humans

•	Identify risk groups 
for targeted mitigation 
measures to reduce 
transmission

MERS-CoV: Middle East Respiratory Syndrome Coronavirus.

a The development of serological testing is currently limited, though actively being developed.  
b Protocols for epidemiological investigations can be found at [34,35].
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from WHO [34], the Consortium for the Standardization 
of Influenza Seroepidemiology (CONSISE) [35] and 
International Severe Acute Respiratory and Emerging 
Infection Consortium (ISARIC) [36]) – where possi-
ble, would be beneficial. Going beyond minimal case 
reporting, open international collaboration, guided 
by the International Health Regulations, will impact 
how this potential epidemic unfolds and prospects for 
control.
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Figure 3
Upper bound for the reproduction number R as a function 
of the number of introductions from the reservoir that 
failed to generate self-sustaining epidemics
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