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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. 
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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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