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During the first year of enhanced MERS coronavirus
surveillance in England, 77 persons traveling from the Middle East had acute respiratory illness and were tested for
the virus. Infection was confirmed in 2 travelers with acute
respiratory distress syndrome and 2 of their contacts. Patients with less severe manifestations tested negative.

T

he first reported case-patient infected with Middle
East respiratory syndrome coronavirus (MERS-CoV)
died in June 2012 in the Kingdom of Saudi Arabia and was
reported on September 20 (1). The second case reported
globally was in a Qatari national patient who had been
transferred from Qatar to a hospital in England; preliminary data sharing on September 23 indicated that isolates
from the second case-patient had 99.5% identity with the
virus identified in the first case. (2). On September 24,
2012, Public Health England (PHE) (formerly the Health
Protection Agency [HPA]) established an enhanced surveillance system to rapidly detect and investigate possible
cases of MERS-CoV infection among travelers to England
from the Middle East. The first 12 months of surveillance
in England identified 1 additional case of MERS-CoV in a
traveler returning from the Middle East and 2 cases among
family contacts of this second case.
Definitions for possible and confirmed cases were
established. Possible cases were defined by clinical and
epidemiologic criteria. Clinical criteria specified acute respiratory syndrome (including fever ≥38°C or history of
fever and cough) requiring hospitalization and clinical or
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radiologic evidence prompting suspicion of lower airway
involvement not explained by another etiology. Epidemiologic criteria specified travel to or residence in an area
where infection with MERS-CoV could have been acquired during the 10 days before onset of illness. At the
time these criteria were initiated, the Kingdom of Saudi
Arabia and Qatar were the 2 areas indicated. A confirmed
case was defined by respiratory samples testing positive for
MERS-CoV by at least 2 specific PCR assays targeting different regions of the MERS-CoV genome.
Because MERS-CoV is an emerging pathogen, case
definitions were, and continue to be, revised in response
to new information (2), in agreement with World Health
Organization case definitions (3–5). Substantial revisions
included extension of the geographic areas where infection
could have occurred to include all countries neighboring
those where infection could have been acquired (November
29, 2012), the recommendation to test patients with the appropriate clinical and epidemiologic criteria if they had an
alternative etiology which did not fully explain their clinical manifestation (February 12, 2013), and extension of the
incubation period to 14 days (June 21, 2013).
The Study
Enhanced surveillance involved the collection of a
minimum dataset for each possible case, including demographic data, clinical symptoms, travel and contact history,
and results of testing for respiratory pathogens (6). Nose
and throat swab specimens and, when possible, lower respiratory tract specimens, were tested at 1 of 4 regional
laboratories. Although the testing guidelines recommended
MERS-CoV testing after exclusion of alternative etiologies, other tests were conducted in parallel with MERSCoV testing for most suspected cases.
During the first few days of surveillance, a pan-coronavirus assay conducted at the PHE National Reference Laboratory was used as a screening test; then the viral genome was
fully sequenced. After the generation of MERS-CoV specific
assays, a first-line screening assay targeting the viral genomic
area upstream of the E gene (7) was conducted, followed by
confirmatory testing at the HPA/PHE National Reference
Laboratory. Results of MERS-CoV testing are reported regularly in the HPA/PHE Weekly Influenza Report (8).
A descriptive analysis included the number of persons
tested and proportion positive for MERS-CoV by key demographic, epidemiologic, and clinical characteristics. The
positive predictive value of different combinations of signs
and symptoms was calculated as the proportion of persons
who had signs and symptoms of MERS and tested positive
for MERS-CoV and showed exact (Clopper-Pearson) binomial 95% confidence intervals.
During September 24, 2012–October 15, 2013, 77
travelers from the Middle East that met the possible case

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 20, No. 9, September 2014

Enhanced MERS Coronavirus Surveillance, England

Table 1. Results of MERS coronavirus testing of 77 travelers from the Middle East to England by key clinical and epidemiologic
characteristics where information available, September 2012–October 2013
Characteristics
No. tested
No. (%) MERS coronavirus–positive
Age group, y
0–4
5
0
5–17
1
0
18–44
10
0
45–64
34
2 (6)
25
0
65
Unknown
2
0
Sex
M
49
2 (4)
F
26
0
Unknown
2
0
Clinical history
Fever
51
2 (4)
Cough
51
2 (4)
Pulmonary parenchymal involvement
34
2 (6)
Acute respiratory distress syndrome
7
2 (29)
Mechanical ventilation
15
2 (13)
Extracorporeal membrane oxygenation
2
2 (100)
Travel history in exposure period* before symptom onset†
Israel
Jordan
Kingdom of Saudi Arabia
Qatar
United Arab Emirates
Yemen

1
1
40
7
27
1

*Exposure period was 10 days until June 2013, when it was increased to 14 days.
†Some patients had also traveled to countries outside the Middle East.

definition were tested for MERS-CoV. Seventy-five travelers tested negative on the screening assay, and 2 tested
positive. Positive results on the screening assay were confirmed by positive results at the HPA/PHE National Reference Laboratory.
In addition to testing the 77 persons who met all of the
possible case criteria, MERS-CoV testing was conducted
on 13 patients who had severe acute respiratory disease but
did not meet the travel requirements: 2 had a travel history
outside the Middle East, 4 had no travel history in the relevant exposure period, and travel histories of the remaining
7 were unknown. MERS-CoV was not detected in any of
these persons.
The clinical and epidemiologic characteristics of the 77
persons tested and their MERS-CoV test results are shown
in Table 1. Those tested ranged in age from 3 months to

0
0
1 (3)
1 (14)
0
0

90 years; 34 (44%) had signs of pulmonary parenchymal
involvement. The 2 confirmed cases were in male patients,
45 and 60 years of age; both had severe acute respiratory
symptoms requiring treatment by extracorporeal membrane oxygenation; both subsequently died. MERS-CoV
PCR testing was conducted on 53 contacts of the 2 confirmed case-patients in England; 2 of these contacts tested
MERS-CoV positive (9,10).
The positive predictive value for MERS-CoV infection
of different combinations of signs and symptoms is shown in
Table 2. No case-patients who did not have pulmonary parenchymal involvement tested positive for MERS-CoV, and
the positive predictive value of the clinical manifestations
increased as the severity of disease increased. Of the 77 patients tested, 22 had positive results for alternative respiratory
pathogens, including 10 with influenza (7 influenza A and 3

Table 2. Positive predictive value of signs and symptoms among 77 travelers from the Middle East tested for MERS-CoV, Enhanced
MERS-CoV Surveillance System, England, September 2012–October 2013*
Positive predictive value, %
Signs and symptoms
No. MERS CoV–positive/no. tested
(95% CI)
Fever, cough; no pulmonary parenchymal involvement
0/3
0 (0–71†)
Fever, cough, and pulmonary parenchymal involvement
2/18
11 (1–35)
Fever, cough, and pulmonary parenchymal involvement
2/4
50 (7–93)
requiring mechanical ventilation
Fever, cough, pulmonary parenchymal involvement, and
2/4
50 (7–93)
acute respiratory distress syndrome
Fever, cough, and pulmonary parenchymal involvement
2/2
100 (16–100)
requiring extracorporeal membrane oxygenation
*MERS-CoV, Middle East respiratory syndrome coronavirus.
†1-sided, 97.5% CI.
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influenza B); 1 of the influenza A–infected case-patients was
later confirmed to also be infected with MERS-CoV. Two
case-patients tested positive for Legionella pneumophila, 4
for rhinovirus, 3 for adenovirus, 1 for respiratory syncytial
virus, and 1 for human metapneumovirus.
Conclusions
Unlike surveillance for established organisms, surveillance for a novel pathogen requires analysis of information
collected from all patients tested, even from those that test
negative, to build knowledge of the predictive value of different epidemiologic and clinical manifestations. This report on the characteristics of patients traveling to England
from the Middle East and tested for MERS-CoV enables a
first crude estimation of the positive predictive value of different signs and symptoms during the first year following
the emergence of this pathogen.
Because this study is based on a cohort of 77 suspected
case-patients, of whom only 2 laboratory-confirmed cases
were identified during the surveillance period, estimates on
the basis of identified symptoms are very imprecise (Table
2). However, in the context of an emerging pathogen, reporting such data progressively helps optimize case detection and surveillance systems.
During the 12-month surveillance period, no patients
who had respiratory symptoms but no pulmonary parenchymal involvement were positive for MERS-CoV by
PCR, and the positive predictive value of signs and symptoms increased with the severity of clinical manifestation.
This suggests that the case definitions that were in use during this period (which recommended MERS-CoV testing
only for patients who met the epidemiologic criteria and
had a severe respiratory illness) were appropriate.
A range of respiratory pathogens were found in those
patients that were MERS-CoV negative, highlighting the
importance of looking for alternative diagnoses. However,
the diagnosis of 1 of the MERS-CoV case-patients was
delayed because of an initial diagnosis of influenza. The
testing algorithm was subsequently changed to ensure that
patients meeting the possible case definition were tested for
MERS-CoV if they had an alternative etiology which did
not fully explain their clinical manifestation.
The predictive value of the possible case definition
depends on the incidence of infection and would be expected to vary across different population groups and
change over time, especially in the context of an emerging pathogen. We encourage other countries to similarly
report the characteristics of all patients tested for MERSCoV to improve understanding of the predictive value
of different clinical and epidemiologic manifestations in
various populations at different times. This will help inform the evolving international public health response to
this novel pathogen.
1564

Acknowledgments
We thank all the clinical, microbiological, and health protection staff who have reported cases to the English Enhanced
MERS-CoV Surveillance System and collected the relevant clinical, virologic, and epidemiologic data.
Dr Thomas is a consultant epidemiologist at the National
Centre for Infectious Disease and Control, Public Health England.
Her research interests include field epidemiology studies of infectious disease outbreaks and tuberculosis surveillance.
References
1.

2.
3.

4.

5.

6.

7.

8.

9.

10.

Bermingham A, Chand MA, Brown CS, Aarons E, Tong C,
Langrish C, et al. Severe respiratory illness caused by a novel
coronavirus, in a patient transferred to the United Kingdom from
the Middle East, September 2012. Euro Surveill. 2012;17:20290.
http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=20290
Public Health England. MERS-CoV case definitions and algorithms
[cited 2014 Jun 1]. http://www.hpa.org.uk/Topics/InfectiousDiseases/
InfectionsAZ/MERSCoV/InformationForClinicians/
World Health Organization. Interim case definition for case finding
severe respiratory disease associated with novel coronavirus as of 25
September 2012 [cited 2014 Jun 1]. http://www.who.int/csr/disease/
coronavirus_infections/case_definition_25_09_2012/en/index.html
World Health Organization. Revised interim case definition – novel
coronavirus. Interim case definition as of 29 September 2012 [cited
2014 Jun 1]. http://www.who.int/csr/disease/coronavirus_infections/
case_definition_29092012/en/index.html
World Health Organization. Revised interim case definition for
reporting to WHO – novel coronavirus. Interim case definition as
of 19 February 2013 [cited 2014 Jun 1]. http://www.who.int/csr/
disease/coronavirus_infections/case_definition_19_02_2013/en/
Public Health England. “The First Few Hundred (FF100)”
Enhanced Case and Contact Protocol v5.0. Epidemiological Protocols for Comprehensive Assessment of Early Middle East Respiratory Syndrome Coronavirus Cases and their close contacts in the
United Kingdom [cited 2014 Jun 1]. http://www.hpa.org.uk/webw/
HPAweb&Page&HPAwebAutoListName/Page/1317136297423
Corman VM, Eckerle I, Bleicker T, Zaki A, Landt O, EschbachBludau M, et al. Detection of a novel human coronavirus by realtime reverse-transcription polymerase chain reaction. Euro Surveill.
2012;17:20285. http://www.eurosurveillance.org/ViewArticle.aspx?
ArticleId=20285
Health Protection Agency. Public Health England Weekly Influenza
Report [cited 2014 Jun 1]. http://www.hpa.org.uk/Topics/InfectiousDiseases/InfectionsAZ/SeasonalInfluenza/EpidemiologicalData/
03influsweeklyreportpdfonly/
Pebody RG, Chand MA, Thomas HL, Green HK, Boddington NL,
Carvalho C, et al. The United Kingdom public health response to
an imported laboratory confirmed case of a novel coronavirus in
September 2012. Euro Surveill. 2012;17:20292. http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=20292
Health Protection Agency (HPA) UK Novel Coronavirus Investigation Team. Evidence of person-to-person transmission within a
family cluster of novel coronavirus infections, United Kingdom,
February 2013. Euro Surveill 2013;18:20427. http://www.euro
surveillance.org/ViewArticle.aspx?ArticleId=20427

Address for correspondence: Richard G. Pebody, Respiratory Diseases
Department, Centre of Infectious Disease Surveillance and Control,
Public Health England, 61 Colindale Ave, London, NW9 5EQ, UK; email:
richard.pebody@phe.gov.uk

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 20, No. 9, September 2014

