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Abstract
Background: Patients with suspected Middle East respiratory syndrome coronavirus (MERS-CoV) infection should
be hospitalized in isolation wards to avoid transmission. This suspicion can also lead to medical confusion and
inappropriate management of acute respiratory syndrome due to causes other than MERS-CoV.
Methods: We studied the characteristics and outcome of patients hospitalized for suspected MERS-CoV infection
in the isolation wards of two referral infectious disease departments in the Paris area between January 2013 and
December 2016.
Results: Of 93 adult patients (49 male (52.6%), median age 63.4 years) hospitalized, 82 out of 93 adult patients had
returned from Saudi Arabia, and 74 of them were pilgrims (Hajj). Chest X-ray findings were abnormal in 72 (77%)
patients. The 93 patients were negative for MERS-CoV RT-PCR, and 70 (75.2%) patients had documented infection,
47 (50.5%) viral, 22 (23.6%) bacterial and one Plasmodium falciparum malaria. Microbiological analysis identified
Rhinovirus (27.9%), Influenza virus (26.8%), Legionella pneumophila (7.5%), Streptococcus pneumoniae (7.5%), and
non-MERS-coronavirus (6.4%). Antibiotics were initiated in 81 (87%) cases, with two antibiotics in 63 patients (67.7%).
The median duration of hospitalization and isolation was 3 days (1–33) and 24 h (8–92), respectively. Time of isolation
decreased over time (P < 0.01). Two patients (2%) died.
Conclusion: The management of patients with possible MERS-CoV infection requires medical facilities with trained
personnel, and rapid access to virological results. Empirical treatment with neuraminidase inhibitors and an association
of antibiotics effective against S. pneumoniae and L. pneumophila are the cornerstones of the management of patients
hospitalized for suspected MERS-CoV infection.
Keywords: Middle East respiratory syndrome coronavirus (MERS-CoV), Pilgrims, Saudi Arabia, Isolation ward,
Respiratory tract infection, Legionella
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Summary
During the 2013–2016 period, 93 patients were managed in
two Parisian referral centers for possible MERS-CoV infection. None of them were confirmed as MERS-CoV positive.
Seasonal and influenza viruses were the most common
pathogens but bacterial pneumonia was also diagnosed.
Background
Middle East respiratory syndrome coronavirus (MERSCoV) is a single-stranded positive-sense RNA virus firstly
isolated in 2012 in the Kingdom of Saudi Arabia (KSA)
[1]. In December 2016, the World Health Organization
(WHO) reported 1917 laboratory-confirmed cases of
MERS-CoV, and 684 deaths in 27 different countries [2].
MERS-CoV is a zoonotic virus of incompletely elucidated
origin. Dromedary camels are suspected of being the reservoir, with bats as a possible origin because they harbor
related viral sequences [3–8]. Human-to-human transmission requires close contact with infected people [9]. To
date, all reported MERS-CoV cases have occurred in individuals from Arabian Peninsula countries, in travelers
returning from this area or traced to an ill traveler.
Each year, during the Muslim Hajj and Umrah pilgrimage,
millions of people travel to the Middle East. During this
period there is a high risk among pilgrims of acquisition of
respiratory tract infections, including MERS-CoV [10]. Although the risk of MERS-CoV acquisition is extremely low
in pilgrims and travelers, the consequences of such acquisitions can be dreadful, as illustrated by a South Korean outbreak in which one index case led to 186 secondary and
tertiary cases, including 36 deaths [11–13]. Nosocomial epidemic events have also been described in the KSA, where
new cases in residents are still reported monthly [13–15].
These reports show that MERS-CoV is mostly characterized by nosocomial transmission and family clusters [13].
Interestingly, it has been shown that cross-transmission can
be contained at home as well as in hospital settings when
suspected cases are put under contact restriction and enhanced hygiene procedures are applied in combination with
rapid testing for MERS-CoV [16].
In France, a national plan was set up in 2012/13 in
which reference wards were identified in each region for
rapid isolation of suspected cases, with prompt case
ascertainment based on epidemiological and clinical
characteristics with the help of the national institute
of health [17]. Despite this framework, one case of
MERS-CoV infection identified in 2013 in a traveler
from the Middle East region led to a secondary case
after nosocomial acquisition [18]. The clinical symptoms of MERS-CoV infection have low specificity [19].
Therefore the “true” etiology of an acute respiratory
syndrome can be overlooked when focusing only on
MERS-CoV infection in a suspected case and this may
result in a lost opportunity [20]. This is particularly
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true during the period when people return from the
Hajj, where the number of suspected cases increases
greatly during a short time.
Here we report our four-year experience in the Paris
area on the management and outcome of patients hospitalized in two isolation wards for suspected MERS-CoV
infection. We performed a descriptive analysis to better
define viruses or bacteria causing infections in this
MERS-CoV negative population.

Methods
This retrospective analysis was carried out in the infectious diseases departments of two university hospitals
(Bichat Claude Bernard and Pitié-Salpêtrière) in Paris,
France. Both departments are part of the Paris/Ile de
France regional plan for the management of contagious
emerging infectious diseases in adults. They serve as referral centers for emerging infectious diseases in the
Paris area and have isolation wards and dedicated rooms
with anterooms and negative pressure. We enrolled patients who had been admitted to these two wards after being classified as possible cases of MERS-CoV infection, as
defined by the WHO epidemiological bulletins [21].
In hospitalized patients, epidemiological data were collected: demographic characteristics, travel history, purpose
of the travel, contact with animals or sick people and inpatient or outpatient visits during the travel. Also recorded
were the nature of the initial symptoms, and the lag time between symptom onset and both the date of departure from
the at-risk region, and hospitalization in an isolation ward.
Upon admission to the isolation wards, clinical symptoms and comorbidities were studied, the initial laboratory findings were assessed, and chest X-ray was defined
as normal or showing alveolar and interstitial infiltrates.
Clinical management was evaluated in terms of the
place of hospitalization, antibiotic treatment, antiviral
use and oxygen administration. Microbiological parameters recorded included all bacteriological and virological
tests performed during the hospital stay of the patient.
Nasopharyngeal specimens were collected for real-time
RT-PCR analysis. Respiratory specimens were obtained
as soon as possible during the course of the illness
(within 21 days after symptom onset). Laboratory confirmation of MERS-CoV infection has been performed
on site since 2013, during the opening hours of the local
laboratories and in the Pasteur Institute reference laboratory at night and weekends. Confirmation was performed by specific real-time RT-PCR assay, using two
different MERS-CoV genomic target sites, the region upstream of the envelope gene and the site of ORF1 [22].
Film Array Rapid multiplex PCR was performed for simultaneous qualitative detection and identification of multiple respiratory viral and bacterial nucleic acids in
nasopharyngeal swabs (FilmArray® Respiratory Panel
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Biomérieux Lyon France): adenovirus, coronaviruses, human metapneumovirus, influenza A and B viruses, parainfluenza viruses, respiratory A and B viruses, Bordetella
pertussis, Chlamydophila pneumoniae, and Mycoplasma
pneumoniae. Bacteria were documented using diverse
methods including blood cultures, serology, urinary antigens, sputum and pulmonary samples, respectively. Blood
smear for malaria was performed in at-risk travelers. Isolation was maintained until a negative result was obtained for
MERS-CoV if the symptoms were more than 4 days old
(otherwise a second sample was needed). Duration of isolation and total duration of hospitalization were recorded.
Comparisons were performed using Kruskal-Wallis
tests for continuous variables and Pearson’s χ2 or Fisher’s
exact test for categorical variables. Statistical analysis
was performed using R (v3.2.0, Vienna, Austria); significance was set at a p-value < 0.05.
According to the French Health Public Law (CSP Art
L1121–1.1), such an investigation does not require specific
informed consent or ethics committee approval because it
is a retrospective study without medical intervention.

Results
Clinical characteristics

From January 2013 to December 2016, 93 adult patients,
classified as possible MERS-CoV cases, were hospitalized in
the two participating isolation wards. The male: female ratio was 1.1 and the median age was 63.4 years (interquartile
range; IQR, 56–71.5). Of 82 (88.2%) patients who were
returning from the KSA, 74 (90.2%) had travelled for the
pilgrimage, two (2.1%) for professional reasons, and four
(4.9%) for tourism; two (2.4%) were KSA residents (Fig. 1).
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There was an obvious seasonal trend with a major annual
increase in the number of admitted patients during the annual Hajj period (Fig. 2). The median travel duration was
23 days (IQR = 17–27). The median lag time between the
first symptoms and admission to the isolation ward was
8.2 days (IQR, 0–28). The median lag time between arrival
in France and admission to the isolation ward was 2 days
(IQR, 1–5 days), and only 19 (20.4%) patients had the first
symptoms after their arrival in France.
The first symptoms described by the patients were cough
(n = 62, 67%), influenza-like symptoms (n = 18, 19%), and
dyspnea (n = 6, 6%). Other symptoms were diarrhea (n = 2,
2%), fever (n = 2, 2%), vomiting (n = 1, 1%), general illness
(n = 1, 1%) and headache 1(1%). Thirty-four (36.5%) patients had consulted a physician in the at-risk countries and
nine (9.7%) had prior hospitalization in these countries.
Close contact with ill travelers with respiratory symptoms during travel was found in 43 (46.7%) patients. Exposure to dromedary camels or contaminated camel
milk or meat was found in five (5.4%) patients.
Initial clinical findings of patients admitted to isolation
wards are reported in Tables 1 and 2. The most common
signs were cough (95.7%), with 63 (70.7%) patients having sputum production, and 26 (29.3%) dry cough. Pulmonary auscultation revealed crackles in 61 (65.5%)
patients, bilateral in 25 (26.9%). Ten (11%) patients required oxygen therapy at initial evaluation. Other clinical
symptoms are listed in Table 2. Ten patients (11%) were
admitted to intensive care directly (n = 6) or after evaluation in isolation wards (n = 5).
Seventy-five (80.6%) patients had underlying medical
conditions with a median of 2 (1–3) different comorbidities

Fig. 1 Geographic distribution of the 93 patients prior to their hospitalization in an isolation ward for suspected MERS-COV infection. Adapted
from Виктор В https://fr.wikipedia.org/wiki/Fichier:Outline_map_of_Middle_East.svg
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Fig. 2 Total number of admissions for suspected MERS-CoV infection according to the time of year, with special reference to the Hajj pilgrimage.
The vertical axis represents the number of patients admitted per month. The horizontal axis represents dates. Boxes inside the diagram indicate
the annual Hajj pilgrimage

Table 1 Clinical and travel characteristics of 93 patients with
possible MERS-CoV infection hospitalized during 2013–2016

Symptoms

N

%

Cough

89

95.7

49/44

Fever (> 38 °C)

61

65.6

Characteristics
Sex ratio M/F

Table 2 Presenting symptoms and laboratory findings on
admission in 93 patients with possible MERS-CoV infection
hospitalized during 2013–2016

Median (IQR)

Lung crackles

61

65.6

Age (year)

63.4 (56–71.6)

Rhinorrhea

42

45.2

Temperature (°C)

38.4 (37.2–39)

Myalgia

30

32.3

Systolic blood pressure (mm Hg)

133 (120–148.5)

Headhache

26

28.0

Diastolic blood pressure (mm Hg)

77 (66.5–83.5)

Thoracic pain

22

23.7

Heart rate (beats/min)

91 (81.5–108-5)

Diarrhea

20

21.5

Respiratory frequency/min

20 (18–24)

Abdominal pain

13

14.0

Oxygen saturation

96 (93–98)

Vomiting

12

12.9

NYHA score

2 (1–3)

Nausea

11

11.8

Duration of travel (days)

6.5 (4–12)

Hemoptysis

9

9.7

Laboratory tests (n)

Median

IQR

CRP mg/dL (81)

122

41–247

WBC G/L (90)

9.295

6.45–12.325

Neutrophils G/L (75)

8.285

4.61–10.26

Lymphocytes G/L (63)

1.300

0.93–2.02

Platelets G/L (89)

268.

179–320

Serum creatinine μmol/L (89)

78.3

57–87

Time of illness (days) median (IQR) 6.5 (4–12)
Reason for travel
Pilgrimage

N

%

74

79.6

Business

4

4.3

Tourism

11

11.8

Resident

4

4.3

Duration of travel (days) 23 (17–27)
New York Heart Association (NYHA) Functional Classification, KSA Kingdom of
Saudi Arabia, UAE United Arab Emirates

CRP C-reactive protein, WBC white blood cell count
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such as hypertension (n = 57, 61.3%), chronic respiratory
diseases (n = 22, 23.6%), chronic cardiac disease (n = 21,
22.6%), or obesity (n = 19, 20.4%). Nine patients (9.7%) had
a history of neoplastic or hematological disease, six (6.4%)
were receiving corticosteroids, and six (6.4%) immunosuppressive drugs.
Chest X-ray evaluation and laboratory results

Initial chest X-ray was available for 90 patients (96.7%),
and findings were abnormal in 72 (80%). Thirty-nine of
these 72 (54.1%) exhibited alveolar opacities with 4
(10.4%) bilateral localization, 20 (27.7%) interstitial syndrome, including 12 (60%) with bilateral localization,
and 13 (18%) alveolar and interstitial syndrome, with bilateral localization in 9 (69.2%) (Additional file 1: Figure S1).
Laboratory findings are reported in Table 2. On admission, the median C-reactive protein was 122 mg/dL
(21–247) and above 50 mg/dL in 57 (70.3%) patients.
Neutrophil count was increased in 15 patients. Median
neutrophil count was 8.285 G/L (4.61–10.26).
Therapeutic management

Among the 93 patients, 81 (87.1%) initially received antibiotic therapy: 63 (69.3%) antibiotic combinations (AC),
and 18 (19.4%) a single antibiotic. AC were administered
for a median duration of 48 h (IQR, 24–116), and were
secondarily switched in 48 (76.2%) cases and discontinued
in 15 (23.8%). AC were third-generation cephalosporin
and macrolides in 55 patients (87.3%), aminopenicillin
and macrolides in three patients and third-generation
cephalosporin and fluoroquinolone in four patients. An
AC was maintained in 10 (19.2%) cases, with aminopenicillin–spiramycin in six and quinolones plus spyramicin or
rifampicin in four. Thirty-eight (60.3%) patients were
switched to a single antibiotic as amoxicillin-clavulanate in
12 (31.5%), third-generation cephalosporin in eight, amoxicillin in seven, spiramycin in six, levofloxacin in three, and
piperacillin-tazobactam and doxycycline each in one.
Single antibiotics initially prescribed were amoxicillinclavulanate in nine patients (50%), amoxicillin in five, or
third-generation cephalosporin in four. This antibiotic
was maintained throughout treatment in 14 cases and
switched to oral amoxicillin-clavulanate in four cases,
with no discontinuation in the 48 first hours of
treatment.
Empirical antiviral treatment with neuraminidase inhibitors

Oseltamivir was given to 35 patients (37.6%) for a median duration of 120 h (24–120). It was discontinued
after 48 h in 12/35 (34.3%) patients, between 48 h and
5 days in 4 (11%) patients and kept for the entire treatment duration in 19 (54.3%) patients.
Oxygen therapy was required for 42 patients (45.6%),
with a median maximal flow of 3 L/min (IQR = 2–4).

Page 5 of 9

Five (5.4%) patients had an oxygen flow of more than
6 L/min and were transferred to intensive care.
Microbiological documentation

None of the patients hospitalized for suspected MERS-CoV
inhibition was found to be positive on MERS-CoV PCR. A
microbiological etiology was identified in 70 (75.4%) patients (Table 3).
A viral infection was documented in 47 patients
(50.3%), including 26 (37%) with human rhinovirus
(HRV) and 25 (35.6%) influenza virus. For the latter,
each type of virus was identified in approximately half of
the cases.
A bacterial infection was documented in 22 patients
(23.6%), the most common etiologies being Legionella
pneumophila and Streptococcus pneumoniae in 10 patients (31.8%) each. Patients with Legionnaires’ disease
(LD) had more chronic cardiac disease and were more
immunosuppressed than other patients (data not shown).
Finally, those with LD had a longer duration of hospital
management (11 days vs. 4 days, p = 0.001). Plasmodium
falciparum malaria was diagnosed once.
A mixed infection was documented in 16 (17.4%) patients, 43% being mixed viral infections and 56% mixed
virus-bacterial infections.
Empirical antibiotic therapy was prescribed to 21/22
patients with a documented bacterial infection, and was
effective in 21 against the bacterial strains secondarily
documented during the course of the disease. Among
the 47 patients with a documented viral infection, 39
had received empirical antibiotic therapy. Lastly, of 23
patients without any documentation 21 had received
empirical antibiotic therapy. Of the 25 patients with
documented influenza virus, 13 (52%) had received
neuraminidase inhibitors (oseltamivir).
Isolation precautions

The duration of isolation was calculated from the initial
confinement triggered by the suspicion of MERS-CoV
infection, upon the removal order by the physician following receipt of the negative result of the MERS-CoV
analysis. The median duration of isolation precautions
was 24 h (IQR, 24–32.5) and ranged from 8 to 144 h.
The duration of isolation decreased significantly over
the years from a median of 36 h in 2013 to 24 h in
2016 (p < 0.01) (Fig. 3). Patients were hospitalized in the
isolation ward for a median of three days (IQR 2–5.22),
and the total management duration from alert to hospital
discharge was four days (IQR 3–8).
Mortality

Two of the 93 (2.1%) patients died of malignant flu and
with a Staphylococcus aureus related prosthetic heart
valve infective endocarditis, respectively.
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Table 3 Pathogens in the 70 patients with microbiological data
Monomicrobial
infection

Mixed Infection

No other
microorganism

Human
Coronarovirus

Influenza A

Influenza B

K. pneumoniae

S. pneumoniae

S. mitis

2

1

S. aureus

1

Total

Non MERS Coronavirus_

3

Influenza A

13

4

H. influenzae

1

1

2

L. pneumophilia

6

1

7

1

Rhinovirus

16

S. paratyphi

1

1

Streptococcus A

1

1

Coxiella burnetti

1

1

HSV-1

1

1

Metapneumovirus

2

2

Infleunza B

2

2

P. falciparum

1

1

Parainfluenza

2

2

S. pneumoniae

3

3

Negative

23

Total

76

2

3

1

2

17

1

25

23
2

6

Discussion
During a four-year period including four Hajj and
Umrah pilgrimages, our two centers managed 93 patients for possible MERS-CoV infection. None of the patients returning from endemic countries and classified as
possible cases were confirmed as MERS-CoV positive.

Fig. 3 Duration of isolation precautions in the isolation ward from
2013 to 2016. Each boxplot represents the duration of isolation for
patients hospitalized per year, horizontal bars in the boxes represent
the median, horizontal bars outside the boxes represent interquartile
range (IQR), and circles represent outliers. The asterisk and the black
bar represent p-valued under 0.05 using the Kruskal-Wallis test

1

1

4

1

1

92

Seasonal viruses and influenza viruses were the most
common pathogens identified, but life-threatening bacterial pneumonia was also diagnosed.
Influenza viruses were found in 35% of the microbiologically documented patients, which is consistent with
other results showing prevalence ranging from 13 to
64% for patients with suspected MERS-CoV infection
[23–25]. In an Iranian study, influenza prevalence was
around 10% in pilgrims with upper respiratory tract infections [26]. These results suggest that empirical oseltamivir therapy should be initiated in patients admitted to
the isolation ward for suspected MERS-CoV infection.
This antiviral treatment should be discontinued when
PCR results prove negative for influenza. Moreover,
these results illustrate the importance of preventive flu
vaccine prior to pilgrimage and in all travelers to areas
such as those where MERS-CoV is endemic [27].
In our study, 31.4% of the patients were positive for
HRV, compared with 10 and 23% in two other studies
[10, 28]. This is also in agreement with a study in French
pilgrims that demonstrated acquisition of HRV during
the trip using a pre- and post-travel routine screening
[10]. HRV involvement in acute respiratory infection remains controversial, and further studies on phylogenetic
and epidemiological characteristics are necessary to
clarify the clinical impact of this virus [29].
Altogether, about one-quarter of our patients had species infections associated or not with viral infection. The
two most frequently documented bacteria were S.
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pneumoniae and L. pneumophila. Pneumococcal disease
was diagnosed in seven patients; all had received empirical antibiotics effective against S. pneumoniae. It has
been showed that S. pneumoniae carriage increases in
French pilgrims during the Hajj [10], whereas vaccine
coverage was low (7%) in 300 French Hajj pilgrims [30].
Therefore, pneumococcal vaccination should be proposed to at-risk persons before the Hajj pilgrimage.
Seven patients presented L. pneumophila infection.
They all had previous underlying conditions with greater
chronic cardiac disease and more immunosuppressed
status. At initial evaluation, they presented with more
headache, increased respiratory frequency, more intense
dyspnea and a more prolonged duration of hospitalization.
None of them died, but two patients required admission
to intensive care units. LD has already been reported as an
alternate diagnosis of MERS-CoV infection in a series of
77 suspected patients where 22 had positive results for alternative respiratory pathogens including two LD [23].
Pilgrims during the Hajj frequently stayed in accommodation opened only during the pilgrimage. Legionella
spp., the causative bacterium, is found naturally in fresh
water and can contaminate hot tubs and cooling towers
of air conditioners. The conditions of accommodation
could partly explain LD acquisition during travel, as recently reported by the European Centre for Disease Prevention and Control, with more than 30 laboratory-confirmed
cases of LD diagnosed in travelers from the European
Union to Dubai since October 2016 [31], representing a
significant increase over the average incidence. The probability of LD in patients with possible MERS-CoV infection
highlights the need for an initial antibiotic combination
with anti-Legionella efficacy, and local surveillance in pilgrim facilities.
One patient had a P. falciparum infection. This patient
had made a stopover in Mali without antimalarial
chemoprophylaxis during his return trip to France. Antimalarial treatment should be proposed to every patient
with suspected MERS-CoV infection when they come
back from a malarial endemic region.
A few sporadic travel-associated MERS-CoV cases
have been reported outside the Arabian Peninsula, with
26 different countries involved, including Republic of
South Korea (RSK). Regarding the very high number of
travelers who stay in at-risk countries, especially during
the Hajj, MERS-CoV transmission remains rare. In a recent MERS-CoV surveillance study conducted in the
KSA during the annual Hajj pilgrimage, of 888 people
screened during September 2015, none tested positive
for MERS-CoV [32]. This is also supported by the absence of person-to-person MERS-CoV transmission
during the mass gatherings at the Hajj in 2013–15 [33].
Nosocomial transmission of MERS-CoV, as in the
KSA and RSK could be contained if every suspected
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case is managed with strict isolation precautions. This
organization is implemented in France, with an alert
system and referral departments trained and organized
to receive possibly infected patients. This organization
requires transfer of patients from the first care facility,
where the suspicion arises, to the referral isolation
ward. This might delay appropriate management of patients with acute respiratory infection and result in a
lost opportunity as already detailed in one of our two
case [20]. During our study period, patients with possible MERS-CoV infection were mostly (78.5%) admitted during short time periods linked to pilgrimage
periods (Fig. 2). Moreover, the low specificity of the
clinical symptoms [19] could lead to medical mistakes,
and life-threatening diseases not fully covered by empirical antimicrobial treatment. Laboratory tests are
limited in this setting excluding blood cultures. In our
study, four diagnoses were likely delayed and not
covered by the empirical treatment prescribed: Q fever,
malaria, S. aureus endocarditis and HSV-1 stomatitis.
Our study had some limitations: it was retrospective
and some data could not be obtained from all patients.
There were only two MERS-CoV documented cases in
the North of France [18]. Since these two cases, no new
cases were described, but every year thousands of pilgrims and travelers return from endemic countries with
respiratory syndrome, which engages the MERS-CoV
procedure and leads to the transfer of these patients to
isolation wards for diagnosis exclusion. Taking a control
group with French non-traveler patients hospitalized for
Respiratory infection seemed inappropriate. In a similar
way, using travelers hospitalized for Respiratory tract infection did not seemed relevant because the only difference
would be the travel destination as shown in travelers
during the H1N1 pandemic [34]. Our Knowledge of
MERS-CoV has grown over the years, and during this time
management of possible cases has improved in terms of
empirical treatment, which could have influenced our results. MERS-CoV RT-PCR was made available locally in
2013, thus reducing the time of diagnosis, which was also
influenced by the time and day of the patient’s arrival
linked to the local laboratories opening hours.

Conclusions
Empirical antiviral treatment with neuraminidase inhibitors as well as antibiotic treatment effective against infection due to L. pneumophila and S. pneumoniae should be
considered in any patients with suspected MERS-CoV infection. Altogether, our results argue for specific infectious
disease units dedicated to emerging infectious disease
management, but also for the development of new tools
to simplify and expedite the diagnostic process in patients
with suspected MERS-CoV infection in order to interrupt
isolation procedures earlier.
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Additional file
Additional file1: Figure S1. Initial Chest X-Ray results of the 93 patients.
(TIF 101 kb)

Abbreviations
HSV-1: Herpes simplex virus1; IQR: Interquartile range; KSA: Kingdom of Saudi
Arabia; LD: Legionnaires’ disease; MERS-CoV: Middle East respiratory syndrome
coronavirus; RSK: Republic of South Korea; RSV: Rhinovirus; RT-PCR: Real Time
Polymerase Chain Reaction; UAE: United Arab Emirates; WHO: World Health
Organization

Page 8 of 9

3.

4.

5.

6.
7.

Acknowledgments
Thanks to David Marsh and Guia Carrara for English copyediting.

8.

Authors’ contributions
AB collected and analyzed the data and performed illustrations. EC and YY
contribute equally to the work. AB, SJ, YY, EC were major contributors in
writing the manuscript. NH, DB performed virological analysis. JCL and JR
supervised infection control. BM and JD were in charge with ICU patients.
AB, SJ, HG, DV, MJ, FXL, CR, EC and YY were in charge with patients hospitalized
in isolation wards. All authors read and approved the final manuscript.

9.

Ethics approval and consent to participate
According to the French Health Public Law (CSP Art L1121–1.1), such an
investigation does not require specific informed consent or ethics
committee approval.

11.

10.

12.
13.

Consent for publication
Not available.
All data generated or analyzed during this study are included in this
published article and its supplementary information files.

14.
15.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
APHP, Hôpital Bichat Claude Bernard, Service des Maladies Infectieuses et
Tropicales, Paris Diderot University, Paris, France. 2APHP, Hôpitaux
Universitaires Pitié Salpêtrière-Charles Foix, Service des Maladies Infectieuses
et Tropicales, Paris, France. 3Virology Department, APHP-Bichat-Claude
Bernard Hospital, Paris, France. 4AP-HP, Hôpitaux Universitaires Pitié
Salpêtrière-Charles Foix, Service de Virologie, et Sorbonne Universités, UPMC
Univ Paris 06, CR7, CIMI, INSERM U1135, Paris, France. 5APHP, Infection
control unit, Bichat Claude Bernard hospital, Paris Diderot University, Paris,
France. 6INSERM, IAME, UMR 1137, Paris, France. 7Univ Paris Diderot, IAME,
UMR 1137, Sorbonne Paris Cité, Paris, France. 8AP-HP, Hôpitaux Universitaires
Pitié Salpêtrière-Charles Foix, Bactériologie-Hygiène Hospitalière, Paris, France.
9
Faculté de Médecine P. & M. Curie Paris-6 - Site Pitié, Centre d’Immunologie
et des Maladies Infectieuses (CIMI) - E13, Paris, France. 10APHP- Hôpital Bichat
Claude Bernard, Service de Réanimation médicale et Infectieuse, Paris,
France. 11Service de pneumologie et réanimation Département R3S, AP-HP,
Hôpitaux Universitaires Pitié Salpêtrière-Charles Foix, unité de Soin de
Réadaptation Post Réanimation (SRPR), Paris, France.

16.

17.

18.

19.

20.

21.

Received: 30 August 2017 Accepted: 28 June 2018

22.

References
1. Zaki AM, van Boheemen S, Bestebroer TM, Osterhaus ADME, Fouchier RAM.
Isolation of a novel coronavirus from a man with pneumonia in Saudi
Arabia. N Engl J Med. 2012;367:1814–20.
2. Who. http://www.who.int/emergencies/mers-cov/en/.

23.

de Groot RJ, Baker SC, Baric RS, Brown CS, Drosten C, Enjuanes L, et al.
Middle East respiratory syndrome coronavirus (MERS-CoV): announcement
of the coronavirus study group. J Virol. 2013;87:7790–2.
Azhar EI, El-Kafrawy SA, Farraj SA, Hassan AM, Al-Saeed MS, Hashem AM, et
al. Evidence for camel-to-human transmission of MERS coronavirus. N Engl J
Med. 2014;370:2499–505.
Ali MA, Shehata MM, Gomaa MR, Kandeil A, El-Shesheny R, Kayed AS, et al.
Systematic, active surveillance for Middle East respiratory syndrome
coronavirus in camels in Egypt. Emerg Microbes Infect. 2017;6:e1.
Wernery U, Lau SKP, Woo PCY. Middle East respiratory syndrome (MERS)
coronavirus and dromedaries. Vet J Lond Engl 1997. 2017;220:75–9.
Memish ZA, Mishra N, Olival KJ, Fagbo SF, Kapoor V, Epstein JH, et al.
Middle East respiratory syndrome coronavirus in bats, Saudi Arabia. Emerg
Infect Dis. 2013;19:1819–23.
Su S, Wong G, Shi W, Liu J, Lai ACK, Zhou J, et al. Epidemiology, Genetic
Recombination, and Pathogenesis of Coronaviruses. Trends Microbiol. 2016;
24:490–502.
Hui DS, Azhar EI, Kim YJ, Memish ZA, Oh MD, Zumla A. Middle East
respiratory syndrome coronavirus: risk factors and determinants of primary,
household, and nosocomial transmission. Lancet Infect Dis. 2018;3099(18):
30127–0. [Epub ahead of print] Review. PubMed PMID: 29680581. https://
doi.org/10.1016/S1473-3099(18)30127-0.
Benkouiten S, Charrel R, Belhouchat K, Drali T, Nougairede A, Salez N, et al.
Respiratory viruses and bacteria among pilgrims during the 2013 Hajj.
Emerg Infect Dis. 2014;20:1821–7.
Lim PL. Middle East respiratory syndrome (MERS) in Asia: lessons gleaned from
the South Korean outbreak. Trans R Soc Trop Med Hyg. 2015;109:541–2.
Ki M. 2015 MERS outbreak in Korea: hospital-to-hospital transmission.
Epidemiol Health. 2015;37:e2015033.
Alhamlan FS, Majumder MS, Brownstein JS, Hawkins J, Al-Abdely HM,
Alzahrani A, et al. Case characteristics among Middle East respiratory
syndrome coronavirus outbreak and non-outbreak cases in Saudi Arabia
from 2012 to 2015. BMJ Open. 2017;7:e011865.
ProMED-mail [Internet]. [cited 2017 Feb 20]. Available from: http://www.
promedmail.org/.
Hijawi B, Abdallat M, Sayaydeh A, Alqasrawi S, Haddadin A, Jaarour N, et al.
Novel coronavirus infections in Jordan, April 2012: epidemiological findings
from a retrospective investigation. East Mediterr Health J Rev Sante Mediterr
Orient Al-Majallah Al-Sihhiyah Li-Sharq Al-Mutawassit. 2013;19(Suppl 1):S12–8.
Kim KH, Tandi TE, Choi JW, Moon JM, Kim MS. Middle East respiratory syndrome
coronavirus (MERS-CoV) outbreak in South Korea, 2015: epidemiology,
characteristics and public health implications. J Hosp Infect. 2017;95:207–13.
Avis du Haut conseil de la santé publique relatif à la définition et au
classement des cas possibles et confirmés d’infection à MERS- CoV ainsi
qu’aux précautions à mettre en œuvre lors de la prise en charge de ces
patient. HCSP; 2015. https://www.hcsp.fr/explore.cgi/
avisrapportsdomaine?clefr=506.
Guery B, Poissy J, el Mansouf L, Séjourné C, Ettahar N, Lemaire X, et al.
Clinical features and viral diagnosis of two cases of infection with Middle
East respiratory syndrome coronavirus: a report of nosocomial transmission.
Lancet Lond Engl. 2013;381:2265–72.
Mohd HA, Memish ZA, Alfaraj SH, McClish D, Altuwaijri T, Alanazi MS, et al.
Predictors of MERS-CoV infection: a large case control study of patients
presenting with ILI at a MERS-CoV referral hospital in Saudi Arabia. Travel
Med Infect Dis. 2016;14:464–70.
Bleibtreu A, Arias P, Vallois D, Debit A, Lermuzeaux M, Rioux C, et al.
Delayed management of Staphyloccocus aureus infective endocarditis in a
Middle East respiratory syndrome coronavirus possible case hospitalized in
2015 in Paris, France. Clin Microbiol Infect Off Publ Eur Soc Clin Microbiol
Infect Dis. 2017;23:416–7.
mers_cov_interim_case_definition_Jul2015.pdf [Internet]. [cited 2017 Apr
10]. Available from: http://www.who.int/csr/disease/coronavirus_infections/
mers_cov_interim_case_definition_Jul2015.pdf?ua=1.
Corman VM, Eckerle I, Bleicker T, Zaki A, Landt O, Eschbach-Bludau M, van
Boheemen S, Gopal R, Ballhause M, Bestebroer TM, Muth D, Müller MA,
Drexler JF, Zambon M, Osterhaus AD, Fouchier RM, Drosten C. Detection of
a novel human coronavirus by real-time reverse-transcription polymerase
chain reaction. Euro Surveill. 2012;17(39).
Thomas HL, Zhao H, Green HK, Boddington NL, Carvalho CFA, Osman HK, et
al. Enhanced MERS coronavirus surveillance of travelers from the Middle
East to England. Emerg Infect Dis. 2014;20:1562–4.

Bleibtreu et al. BMC Infectious Diseases (2018) 18:331

24. Gautret P, Charrel R, Benkouiten S, Belhouchat K, Nougairede A, Drali T, et
al. Lack of MERS coronavirus but prevalence of influenza virus in French
pilgrims after 2013 Hajj. Emerg Infect Dis. 2014;20:728–30.
25. Shahkarami M, Yen C, Glaser C, Xia D, Watt J, Wadford DA. Laboratory
testing for Middle East respiratory syndrome coronavirus, California, USA,
2013-2014. Emerg Infect Dis. 2015;21:1664–6.
26. Moattari A, Emami A, Moghadami M, Honarvar B. Influenza viral infections
among the Iranian Hajj pilgrims returning to Shiraz, Fars province, Iran.
Influenza Other Respir Viruses. 2012;6:e77–9.
27. BEH-hors-serie-Recommandations-sanitaires-pour-les-voyageurs-2016)
[Internet]. Available from: http://invs.santepubliquefrance.fr.
28. Annan A, Owusu M, Marfo KS, Larbi R, Sarpong FN, Adu-Sarkodie Y, et al.
High prevalence of common respiratory viruses and no evidence of Middle
East respiratory syndrome coronavirus in Hajj pilgrims returning to Ghana,
2013. Trop Med Int Health TM IH. 2015;20:807–12.
29. Greenberg SB. Update on human rhinovirus and coronavirus infections.
Semin Respir Crit Care Med. 2016;37:555–71.
30. Sridhar S, Belhouchat K, Drali T, Benkouiten S, Parola P, Brouqui P, et al.
French Hajj pilgrims’ experience with pneumococcal infection and
vaccination: a knowledge, attitudes and practice (KAP) evaluation. Travel
Med Infect Dis. 2015;13:251–5.
31. European Centre for Disease Prevention and Control. Increase of cases of
Legionnaires’ disease in EU travellers returning from Dubai, October-December
2016. 22 Dec 2016 [Internet]. Available from: http://ecdc.europa.eu/en/
publications/Publications/20-Dec-2016-RRA-Legionella-United%20Arab%20
Emirates.pdf.
32. Saeed AAB, Abedi GR, Alzahrani AG, Salameh I, Abdirizak F, Alhakeem R, et
al. Surveillance and testing for Middle East respiratory syndrome
coronavirus, Saudi Arabia, April 2015-February 2016. Emerg Infect Dis. 2017;
23:682–5.
33. Mackay IM, Arden KE. MERS coronavirus: diagnostics, epidemiology and
transmission. Virol J. 2015;12:222.
34. Jauréguiberry S, Boutolleau D, Grandsire E, Kofman T, Deback C, Aït-Arkoub Z,
et al. Clinical and microbiological evaluation of travel-associated respiratory
tract infections in travelers returning from countries affected by pandemic
A(H1N1) 2009 influenza. J Travel Med. 2012;19:22–7.

Page 9 of 9

