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In this issue of Clinical Infectious Diseases,
Mohammad Al-Abdallat and colleag-
ues from the Jordan Ministry of Health
(MOH) and the US Centers for Disease
Control and Prevention (CDC) provide
the most comprehensive report to date
on the earliest known outbreak of the
Middle East respiratory syndrome (MERS)
coronavirus (CoV) [1]. This retrospective-
ly diagnosed intensive care unit/critical
care unit (ICU/CCU)–associated outbreak
occurred in April 2012 in a large public
hospital in Zarqa, Jordan, located 25 km
northeast of the Jordanian capital of
Amman [2]. The authors, using 3 anti-
body assays developed by the CDC, are
the first to provide serologic data on this
outbreak. These assays advance the ability
to conduct wider population-based seros-
urveys for MERS as well as to assist in the
diagnosis of individual patients.

Importantly, these serologic assays
should be compared collaboratively with

other MERS serologic tests published in
2012 and 2013, particularly by European
investigators in the Netherlands and
Germany [3–5]. More generally, this ear-
liest known MERS outbreak in the Mid-
dle East affords an opportunity to create
international consensus guidelines for
laboratory testing when explicitly search-
ing for a novel infectious disease agent.
The persistent investigative response

by the Jordan MOH to this April 2012
outbreak is fascinating and instructive
and is an exemplary model of outbreak
response. The MOH undertook at least
3 major epidemiologic investigations. The
first in April 2012 stopped the outbreak
of the unknown and likely contagious
hospital-associated pneumonia that in-
volved 13 persons, most of whom were
healthcare personnel. Importantly, pa-
tient samples from at least 2 of the fatal
cases were obtained and stored. The sec-
ond major investigation was with the
World Health Organization (WHO) in
November–December 2012 after the lab-
oratory-confirmed diagnosis of MERS
had been made retrospectively on the
stored specimens from the 2 fatal cases
[2, 6, 7]. The third was in collaboration
with the CDC in May 2013. This study
added 7 survivors who, 13 months after
the outbreak, had at least 2 serologically
positive tests for anti–MERS-CoV anti-
bodies [1].

A more detailed summary of the time-
line for this outbreak in Zarqa is instruc-
tive in illustrating the efforts made to
identify the cause of the outbreak. The
initial outbreak communication response
by the Jordan MOH occurred on 19 April
2012 when they closed the ICU at Zarqa
Public Hospital and notified the press
that 1 healthcare worker had died due
to this outbreak of “pneumonia.” On 20
April the Jordan Times published the
first of a series of articles on the outbreak
[8]. Notably, the European Centre for
Disease Control and Prevention (ECDC)
published an epidemiological summary
and assessment in its 29 April 2012–5
May 2012 Communicable Disease Thre-
ats Report. ECDC noted that 1 nurse had
died and that at least 7 nurses and 1 doc-
tor had a febrile lower respiratory illness.
Citing the Jordan MOH, it was reported
that the cause was likely to be viral; how-
ever, no laboratory tests were available.
ECDC stated that due to the severity and
“unusualness” of the illness in healthcare
personnel, they contacted WHO and the
CDC and that both organizations also
“are following this event” [9].Meanwhile,
the outbreak was stopped, in part, by cre-
ating a case definition that focused on
unexplained pneumonia and transferr-
ing suspected patients to 2 hospitals in
Amman where strict infection control
measures were undertaken (unlike in the
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ICU/CCU at Zarqa Hospital). The onset
of illness for the last patient was on 26
April [2].

In a subsequent WHO update (30
November 2012) on the outbreak, it was
noted that in April Jordan MOH made
a request for a team from the WHO
Collaborating Centre for Emerging
and Re-emerging Infectious Diseases
(NAMRU-3) in Cairo, Egypt, to help
with the laboratory investigation [6].
This NAMRU-3 team traveled to Jordan,
and on 24 April, promptly reported to the
MOH that all patient specimens had test-
ed negative for respiratory viruses includ-
ing known CoVs. The specific laboratory
assays performed were not identified nor
were any attempts made to culture a virus
using cell lines [6].

The clue that a novel CoV, later named
the MERS-CoV, was the cause of the out-
break in Zarqa came with the report of a
single patient with pneumonia from
Bisha, Saudi Arabia, who had died in the
Dr Soliman Fakeeh Hospital in Jeddah in
June 2012 [10]. This report first appeared
on 20 September 2012 on the Program for
Monitoring Emerging Diseases (ProMED)
website. It was posted by the astute micro-
biologist, Dr Ali Zaki, who reported that
this virus grew easily on Vero cells [11].
Testing with a pan-CoV reverse-transcrip-
tion polymerase chain reaction (RT-PCR)
was consistent with a CoV and with mo-
lecular identification in the Erasmus Med-
ical Center, Netherlands, which showed
that it was a novel beta CoV [10, 11]. Later
studies from the University of Hong Kong
also showed that the virus could grow on
a broad range of cell lines [12]. On 25
September 2012 ProMED posted an
inquiry from Dr Iren Lai from Sydney,
Australia, asking if this novel CoV could
be the cause of the outbreak in Zarqa,
Jordan [13].

In October 2012 stored patient speci-
mens were sent from Jordan MOH to
NAMRU-3. By November, testing had
identified this novel CoV in the bron-
choalveolar lavage fluid and nasal swab
extract from the 40-year-old nurse who

died and in the serum of the 25-year-
old student who died [2, 6, 7]. Thus, the
second major investigation began when
the MOH requested that WHO personnel
travel to Amman from 28 November
2012 to 7 December 2012 and assist
with another epidemiological investi-
gation of the April outbreak, strengthen-
ing the sentinel surveillance system for
severe acute respiratory infections. On
21 December 2012 the WHO summa-
rized the results of this investigation.
Notable findings included that the index
case “could not be determined” and “there
was no history of travel or contact with
animals among confirmed or probable
cases” [7].The more detailed epidemiolog-
ical results of this Jordan MOH–WHO
outbreak investigation were published in
early 2013 as part of a special issue of
the Eastern Mediterranean Health Jour-
nal devoted to the novel CoV [2].
The third major investigation of the

Zarqa outbreak by the Jordan MOH,
and the only one that involved serologic
data, took place in May 2013 and is re-
ported in this issue of Clinical Infectious
Diseases. The design of the study and
the conclusions are strengthened by the
inclusion of 124 volunteers including
household contacts, healthcare personnel
at the 3 hospitals that cared for the pa-
tients, and MOH field investigators. Six
of the serologically positive cases were
among the suspected patients during the
original outbreak. The seventh case was a
close family member. Thus, the serologi-
cal testing did not identify anyone with-
out a potential exposure history.
Several methodological points empha-

sized here. Very few specimens from differ-
ent patients were available to obtain either
the MERS-CoV or convalescent sera-
containing antibody from virologically
confirmed patients. In this context, the
WHOhas stated that “there is no clear con-
sensus on interpretation of serological test
results in individual patients. Given that
currently available assays have been vali-
dated using only a limited number of con-
valescent sera . . . cases where the testing

laboratory has reported positive serological
test results in the absence of PCR testing or
sequencing, are considered probable cases
of MERS-CoV infection . . . . ” [14].

WHO also recommends “that any pos-
itive result by a single serological assay be
confirmed with a neutralization assay”
[14]. In the current study by Al-Abdallat
and colleagues, a positive serology was
defined as a positive screening enzyme-
linked immunosorbent assay (ELISA)
plus either a positive indirect fluorescent
antibody (IFA) or microneutralization
test. In fact, only 1 of the 7 serologically
positive patients did not have neutralizing
antibodies detected (“outbreak member
11”). She had only a positive ELISA and
IFA serology. A chest X-ray for this 41-
year-old patient was “not documented
(ND)” and she had the shortest hospital
stay (4 days) of the 7 hospitalized patients
[1]. Possibly she had a mild infection with
the MERS-CoV and had lost her neutraliz-
ing antibody by 13 months after the infec-
tion. On the other hand, the CDC in May
2014 announced that a business associate
in Illinois who had met with an Indiana
MERS patient was not infected with the
virus because he had a negative neutraliz-
ing antibody test even though he had a
positive ELISA and IFA serology [15].

The 25-year-old Jordanian student
with MERS who died on 25 April 2012
did not have anti–MERS-CoV antibody
detected in any of 3 assays. A possible ex-
planation is the fact that he was still vire-
mic before he died. A small number of
other patients with MERS have been
found to be viremic as well, thereby rais-
ing the concern of a risk to the blood sup-
ply or of maternal–fetal transmission of
MERS-CoV. In fact, 1 of the serologically
positive cases in this study, household
contact “HHM-303,” was a 39-year-old
woman who had a stillbirth at 5 months
gestation during the time she had an
acute respiratory illness. She had been ex-
posed to 2 family members who would
later be diagnosed with MERS within 7
days of the onset of her illness and spon-
taneous delivery of a stillborn infant.

EDITORIAL COMMENTARY • CID 2014:59 (1 November) • 1235



However, no testing of the fetus for
MERS-CoV was performed [16].

Despite the 3 comprehensive investiga-
tions of the MERS-CoV outbreak in
Zarqa Public Hospital, it remains unclear
who the index case was and how the virus
entered the hospital. Moreover, despite
patient specimens having been tested
during the April 2012 outbreak in labora-
tories in Jordan and at the regional WHO
collaborating Centre for Emerging and
Re-emerging Infectious Diseases in Cairo,
a novel virus was not identified. In such sit-
uations, it is prudent to search explicitly
not only for known pathogens but also
for novel pathogens.

It was the outbreak of severe acute respi-
ratory syndrome–CoV among healthcare
workers in Hong Kong, Guangdong, and
Hanoi that led theWHO to issue its global
alert for this “atypical pneumonia” on 12
March 2003 [17]. In 2001 an unexplained
outbreak involving several dozen persons
in a hospital in Siliguri, India, near Ban-
gladesh was later attributed to Nipah
virus [18]. Other hospital-associated infec-
tions with novel viruses, such as Ebola in
1976, have been well recognized.

One major benefit of the accumulated
epidemiologic, serologic, and clinical data
on the then-unidentified MERS outbreak
in April 2012 in Zarqa Public Hospital
would be if an international consensus
is reached for specific laboratory testing
when explicitly searching for an un-
known infectious disease agent, for exam-
ple, in a healthcare facility. Obtaining and
preserving patient specimens as com-
prehensively as possible would be an
essential start. The specific types of labo-
ratory assays, ranging from contemporary
molecular to traditional culture tech-
niques, and electron microscopy would
likely be included. Acute and convales-
cent serum for serologic tests and for as-
sessing the pathogen in blood would be
important. Where possible, preservation

of peripheral blood mononuclear cells
could also be helpful when testing for a
reservoir for the pathogen and cell-
mediated immune responses.
If such international consensus labora-

tory guidelines were formulated and ap-
plied to future unexplained outbreaks in
healthcare facilities, then all the efforts
devoted to the sequential studies of the
MERS outbreak in Zarqa Public Hospital
would leave an important diagnostic
legacy when searching for unexplained
outbreak pathogens. This legacy might
become known as the Zarqa Rule for
novel pathogen discovery.

Note

Potential conflict of interest. Author certifies
no potential conflicts of interest.
The author has submitted the ICMJE Form for

Disclosure of Potential Conflicts of Interest.
Conflicts that the editors consider relevant to the
content of the manuscript have been disclosed.

References

1. Al-Abdallat M, Payne D, Alqasrawi S, et al.
Hospital-associated outbreak of Middle East
respiratory syndrome coronavirus: a sero-
logic, epidemiologic, and clinical descrip-
tion. Clin Infect Dis. 2014; 59:1225–33.

2. Hijawi B, Abdallat M, Alqasrawi S, et al.
Novel coronavirus infections in Jordan,
April 2012: epidemiological findings from a
retrospective investigation. East Mediterr
Health J 2013; 19(suppl 1): S12–8.

3. Corman VM, Mueller M, Costabel U, et al.
Assays for laboratory confirmation of novel
human coronavirus (HCoV-EMC) infections.
Eurosurveillance 2012; 17:20334.

4. Buchholz U, Muller M, Nitsche A, et al.
Contact investigation of a case of human
coronavirus infection treated in a German
hospital, October–November 2012. Eurosur-
veillance 2013; 18:20406.

5. Reusken C, Mou H, Godeke G, et al. Specific
serology for emerging coronaviruses by pro-
tein microarray. Eurosurveillance 2013;
18:20441.

6. Global Alert and Response. Novel corona-
virus update 30 November 2012. Available
at: http://www.who.int/csr/don/2012_11_
30/en. Accessed 24 July 2014.

7. Global Alert and Response. Background and
summary of novel coronavirus infection—
as of 21 December 2012. Available at:
http://www.who.int/csr/disease/coronavirus_
infections/update_20121221/en/. Accessed
24 July 2014.

8. Malkawi K. Zarqa hospital ICU closed after
nurse dies from infection. The Jordan Times
2012. Available at: http://jordantimes.com/
zarqa-hospital-icu-closed-after-nurse-dies-
from-infection. Accessed 20 April 2014.

9. Severe respiratory disease of unknown
origin—Jordan—outbreak in ICU. European
Centre for Disease Prevention and Control
(ECDC) Communicable Disease Threats
Report week 18. 2012.

10. Zaki A, Van Boheeman S, Bestebroer T,
Osterhaus A, Fouchier R. Isolation of a
novel coronavirus from a man with pneumo-
nia in Saudi Arabia. N Engl J Med 2012;
367:1814–20.

11. Zaki A. Novel coronavirus—Saudi Arabia:
Human isolate, 2012. Available at: http://
www.promedmail.org/direct.php?id=20120920.
1302733. Accessed 24 July 2014.

12. Chan JF, Chan K, Choi GK, et al. Differen-
tial cell line susceptibility to the emerg-
ing novel human betacoronvirus 2c EMC/
2012: implications on disease pathogenesis
and clinical manifestation. J Infect Dis
2013; 207:1743–52.

13. Lai I. Novel coronavirus–Saudi Arabia: Re-
quest for information, Jordan, April 2012,
2012. Available at: http://www.promedmail.
org/direct.php?id=20120925.1308001. Ac-
cessed 24 July 2014.

14. WHO. Laboratory testing for Middle East
respiratory syndrome coronavirus. In-
terim recommendations, 2013. Available at:
http://www.who.int/csr/disease/coronavirus_
infections/MERS_Lab_recos_16_Sept_2013.
pdf. Accessed 24 July 2014.

15. CDC. CDC concludes Indiana MERS pat-
ient did not spread virus to Illinois business as-
sociate. Press release May 28, 2014. Available
at: http://www.cdc.gov/media/releease/2014/
p0528-mers.html. Accessed 24 July 2014.

16. Payne D, Iblan I, Alqasrawi S, et al. Stillbirth
during infection with Middle East respiratory
syndrome coronavirus. J Infect Dis 2014;
209:1870–2.

17. WHO issues a global alert about cases of
atypical pneumonia. Cases of severe respira-
tory illness may spread to hospital staff.
WHO news release March 12, 2003. Avail-
able at: http://www.who.int/mediacentre/
news/releases/2003/pr22/en/. Accessed 24
July 2014.

18. Chadha M, Comer J, Lowe L, et al. Nipah
virus-associated encephalitis outbreak, Sili-
guri, India. Emerg Infect Dis 2006; 12:235–40.

1236 • CID 2014:59 (1 November) • EDITORIAL COMMENTARY

http://www.who.int/csr/don/2012_11_30/en
http://www.who.int/csr/don/2012_11_30/en
http://www.who.int/csr/don/2012_11_30/en
http://www.who.int/csr/disease/coronavirus_infections/update_20121221/en/
http://www.who.int/csr/disease/coronavirus_infections/update_20121221/en/
http://www.who.int/csr/disease/coronavirus_infections/update_20121221/en/
http://jordantimes.com/zarqa-hospital-icu-closed-after-nurse-dies-from-infection
http://jordantimes.com/zarqa-hospital-icu-closed-after-nurse-dies-from-infection
http://jordantimes.com/zarqa-hospital-icu-closed-after-nurse-dies-from-infection
http://www.promedmail.org/direct.php?id=20120920.1302733
http://www.promedmail.org/direct.php?id=20120920.1302733
http://www.promedmail.org/direct.php?id=20120920.1302733
http://www.promedmail.org/direct.php?id=20120920.1302733
http://www.promedmail.org/direct.php?id=20120925.1308001
http://www.promedmail.org/direct.php?id=20120925.1308001
http://www.promedmail.org/direct.php?id=20120925.1308001
http://www.who.int/csr/disease/coronavirus_infections/MERS_Lab_recos_16_Sept_2013.pdf
http://www.who.int/csr/disease/coronavirus_infections/MERS_Lab_recos_16_Sept_2013.pdf
http://www.who.int/csr/disease/coronavirus_infections/MERS_Lab_recos_16_Sept_2013.pdf
http://www.who.int/csr/disease/coronavirus_infections/MERS_Lab_recos_16_Sept_2013.pdf
http://www.cdc.gov/media/releease/2014/p0528-mers.html
http://www.cdc.gov/media/releease/2014/p0528-mers.html
http://www.cdc.gov/media/releease/2014/p0528-mers.html
http://www.who.int/mediacentre/news/releases/2003/pr22/en/
http://www.who.int/mediacentre/news/releases/2003/pr22/en/
http://www.who.int/mediacentre/news/releases/2003/pr22/en/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


