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A B S T R A C T

The Middle East respiratory syndrome coronavirus (MERS-CoV) emerged in 2012. The objective of the
study was to describe the epidemiology, risk factors, clinical characteristics, and outcome of MERS-CoV in
Qatar. A total of 28 cases of MERS-CoV were identified, corresponding to an incidence of 1.7 per 1,000,000
population. Most patients had a history of contact with camels 15, travel to Kingdom of Saudi Arabia 7 or
known contact with individuals with confirmed MERS-CoV infection 7. Majority of patients had acute
kidney injury (AKI) 17 and 9 needed renal replacement therapy. All patients were hospitalized, 14
required critical care support. Overall, total of 10 died. The immediate cause of death was multiorgan
failure with acute respiratory syndrome (ARDS) 9. MERS-CoV is a rare infection in the State of Qatar. There
was no hospital outbreaks or healthcare worker reported infection. The infection causes severe
respiratory failure and acute renal failure. Patients with AKI and on ventilator support carry higher risk of
mortality.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Middle East Respiratory Syndrome Coronavirus (MERS-CoV),
the cause of Middle East Respiratory Syndrome (MERS), is a novel
betacoronavirus that was first isolated from a patient with severe
pneumonia in Jeddah, Saudi Arabia in 2012 [1]. MERS was
subsequently reported from other cities in Saudi Arabia, Qatar,
Bahrain, Kuwait, and the United Arab Emirates (UAE). Outside the
Middle East, travel-associated MERS was reported with incidents
of limited local person-to-person transmission were also reported.
In South Korea, a single travel-related case resulted in a large
nosocomial MERS outbreak [2]. To date, the total number of MERS
cases reported to the World Health Organization (WHO) has
exceeded 2,500, nearly 80 % of which were reported from Saudi
Arabia.

The reported overall case fatality rate is 35 % [3]. It has been
proven that MERS-CoV infection can be transmitted through
contact with infected dromedary camels or through human-to-
human transmission in particular household contacts, or contact
with patients and healthcare workers [4,5]. It is not clear whether
asymptomatic patients can transmit the virus or not. We herein
describe the epidemiology, risk factors, clinical characteristics and
clinical outcomes of MERS in Qatar.

Materials and methods

Study design and population

Laboratory diagnosis of MERS-CoV in Qatar is provided by the
National Central Virology Laboratory, Hamad Medical Corporation
(HMC) and the registry of the Ministry of Public Health, Qatar. We
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anuary 1, 2012, through July 31, 2020. All patients were followed
ntil their discharge or death and their outcome data were
ollected.
In terms of controlling the viral spread, the Ministry of Public

ealth (MOPH) in collaboration with Qatar national Outbreak
ontrol Taskforce (OCT) along with animal health sector since the
rst case in 2012 have done the following:

 MOPH team had monitored daily all identified contacts of MERS-
CoV patients for the appearance of any MERS-CoV related
symptoms (such as fever, respiratory or gastrointestinal
symptoms . . . ) over a period of 14 days following their last
exposure. Upon identification of MERS-CoV confirmed cases, all
patients were admitted to the hospital and stringent infection
prevention and control measures were implemented and
followed according to WHO guidelines. The contact and airborne
isolation were only removed once two consecutive 48 h apart
RT-PCR tests for MERS-CoV were negative.

 The (OCT) along with animal health sector had put robust camel
farm biosecurity measures. For instance, once a confirmed
camel contact was reported, the veterinary teams were testing
all camels that the patient had possible contact with them in
their barns or during camel show competitions or camel market.
Once confirmed positive for MERS-CoV infection, the camel was
isolated for 2 weeks.

 Regarding the management of patients, the hospital protocol for
pneumonia and acute respiratory distress syndrome were
followed. There were no particular established guidelines for
MERS-CoV pneumonia during the study period in HMC.

irology method

Nasal, and/or nasopharyngeal, and/or sputum and/or endotra-
heal aspirate samples were collected from patients and contacts
hen sent to virology laboratory in universal or viral transport
edium. The test method used is based on a qualitative real time
olymerase chain reaction (RT-PCR) with a commercial kit (Fast
rack Diagnostics qualitative EMC (MERS-CoV) assay) on ABI 7500
nalyzer. The kit is targeting the UpE gene for screening and Orf 1a
ene for confirmation. These tests were done in the Section of
irology and Molecular Biology, Department of Pathology and
aboratory Medicine (DPLM) in Hamad Medical Corporation, Qatar.

efinitions

The definition and staging of acute Kidney injury (AKI) was
ased on the Kidney Disease: Improving Global Outcomes
KIDGO) [6]:

� Definition of AKI:
- Increase in serum creatinine by � 0.3 mg/dL within 48 h, or
� AKI staging:
- Stage 1: increase in serum creatinine to 1.5–1.9 times baseline
- Stage 2: increase in serum creatinine to 2–2.9 times baseline
- Stage 3: increase in serum creatinine to � 3 times baseline

Statistical methods

Descriptive statistics were performed to summarize patients
demographic, epidemiological, clinical and laboratory character-
istics. Median and range were described for the continuous
variables with normal distribution. Frequencies and proportions
were used for categorical variables. Intergroup difference was
compared using the t-test or Wilcoxon signed-rank test for
continuous variables nonparametric variables (e.g., admission
length), and the x2 test or Fisher exact test for categorical variables
(e.g, gender), as appropriate. Multivariate logistic regression
analysis were performed to evaluate the impact of age, gender,
comorbidities, EGFR, ventilatory support during hospitalization
between patients who died at the end of admission to those who
were discharged alive. Correlation between variables was exam-
ined using Spearman and Pearson correlation coefficient when
appropriate were used to look for any correlations between
possible risk factors baseline characteristics, AKI and mortality.

Survival analyses were plotted by using the Kaplan-Meier
method to determine the cumulative survival probability, and
overall survival time was calculated from the time of hospital
discharge to the date of death from any cause or the date at which
the patient was last known alive. A p-value of 0.05 or less indicates
statistical significance. We used STATA version 12.0 (Statacorp,
College Station, TX, USA) for exploratory data analysis and
descriptive statistics

Results

A total of 110,823 MERS-CoV RT-PCR tests were performed on
all suspected cases of MERS-CoV and all possible contacts of
confirmed MERS-CoV cases. We identified a total of 28 laboratory-
confirmed MERS-CoV cases during the study period with scattered
distribution over the years (Fig. 1). The annual incidence was 1.7
per 1,000,000 population. Patient demographics and clinical
characteristics are summarized in (Table 1). Males constituted
the vast majority of cases, 25 (89 %), and the median age was 52.5
years (range 22–74), majority of ages were more than 40 years, 19
(68 %). Of note, there were no reported pediatric or pregnant
women MERS-CoV infection cases. Furthermore, there have not
been any healthcare-associated MERS outbreak in Qatar.
Fig. 1. Yearly distribution of MERS-CoV confirmed cases in Qatar.
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Table 1
Demographic, clinical characteristics and outcome of patients with MERS-CoV infection.

Variables All patients N (%) or
median (range)

Survivors N (%) or
median (range)

Non-Survivors N (%) or
median (range)

P value

Total number of MERS-CoV confirmed cases 28 18 10
Male/Female 25/3 17/1 8/2 0.03
Qataris 15 (54) 8 7 0.42
South East Asia region 8 (29) 6 2
African region 5 (18) 4 1
Age, Median/range, years 52.5 (22�73) 43.4 (22�71) 60.5 (29�73) 0.013

Possible risk factors for MERS-CoV infection
Direct contact with camels 15 (54) 11 4 0.28
Travel KSA 7 (25) 4 3 0.64
Contact with confirmed MERS-CoV case 7 (25) 6 1 0.17
Shepherd at the camel barn 7 (25) 5 2 0.648
Camel race 3 (11) 2 1 0.92
Raw camel milk ingestion 2 (7) 2 0 0.40

Comorbidities
Presence of � 1 comorbidities 17 (60.7) 7 10 0.001
Diabetes Mellitus 10 (36) 4 6 0.048
Hypertension 8 (29) 2 6 0.011
Coronary artery disease 6 (21) 2 4 0.08
Hyperlipidemia 5 (18) 3 2 0.37
Obesity 3 (11) 2 1 0.46
Hypothyroidism 2 (7) 1 1 0.47
Chronic kidney disease 1 (4) 1 0 0.64
Asthma 1 (4) 1 0 0.64
Obstructive sleep apnea 1 (4) 1 0 0.64
Renal transplant recipient 1 (4) 0 1 0.35
Smoking 8 (29) 8 0 0.01

Symptoms on admission
Fever 24 (85) 15 9 0.80
Cough 22 (79) 14 8 0.81
Shortness of breath 11 (39) 15 7 0.41
Hemoptysis 3 (11) 3 0 0.28
Abdominal pain 4 (14) 3 1 0.39
Diarrhea 2 (7) 0 2 0.11
Vomiting 1 (4) 1 0 0.64
Headache 1 (4) 1 0 0.64
No symptoms 3 (11) 3 0 0.24
Symptoms duration prior to hospital admission, Median/range in days 4.5 (0�12) 4.44 (0�10) 5.7 (1�12) 0.47

Signs on admission
Oxygen saturation <90 % 14 (50 %) 4 10 < 0.001
Systolic blood pressure <90 mmHg 9 (32 %) 1 8 < 0.001
Laboratory on admission Median(range)
Seroconversion from first positive to first 2 negative RT-PCR (days) 14 (4�30) 13.2 (5�25) 17 (4�30) 0.57
Peripheral white blood cell count (WBC) (x103/uL) 5.2 (2.0�10.3) 7.1 (7.7�21) 7.1(2.7�15.5) 0.911
Platelets count (< 150 � 103//uL) 12 (42.8 %) 6 6 0.12
Procalcitonin (ng/mL) 0.41 (0.05�2.42) 0.14 (0.05�0.29) 0.19 (0.05�2.3) 0.624
Creatinine (mmol/L) 69(47�131) 67(51�131) 69(47�129) 0.675
Alanine aminotransferase (ALT) (IU/L) 76(8�6000) 47(8�476) 126(50�6000) 0.548
Aspartate aminotransferase (AST) (IU/L) 102 (18�6309) 65(29�120) 102(18�16309) 0.131
Chest X-ray infiltrates on admission 20 (71 %) 10 (55.5) 10 (100) 0.01
Treatment and Clinical outcome N (%)
Admission duration median/range in days 16 (4�97) 19 (4�97) 14 (8�43) 0.356
Intensive care unit admission 15 (53) 5 (28) 10 (100) 0.01
Acute respiratory distress syndrome 13 (46) 4 (14) 9 (90) < 0.001
Ventilator support 15 (53)
Mechanical ventilation 9 (32) 2 7 0.04
Extracorporeal 2 (7) 0 2
membrane oxygenation 4 (14) 3 1
Non-invasive mechanical ventilation
Acute kidney injury 17 (61) 7 10 < 0.001
(AKI) total 3 (17.6) 3 0
AKI stage 1a 2 (11.8) 2 0
AKI stage 2a 12 (70.6) 2 10
AKI stage 3a

Hemodialysis 9 (32) 1 8 < 0.001

a Acute kidney injury staging according to Kidney Disease: Improving Global Outcomes (KDIGO) criteria.
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All cases were residents in Qatar. Fifteen (54 %) of the total
ERS cases were in Qataris, whereas 8 (29 %) were in individuals of
outh East Asian nationalities, and 5 (18 %) in individuals of African
rigin. There were 15 (54 %) cases with history of direct contact
ith camels, among whom 7 (25 %) were shepherds, 5 (18 %) were
amel farm owners and 3 (11 %) were involved in camel racing.
even (25 %) cases had contact with MERS-CoV-infected patient
mong whom 5 (18 %) were identified during contact tracing.
even (25 %) had travel history to Saudi Arabia within two weeks of
nset of their MERS symptoms. The first MERS case in Qatar was
eported in October 2012. There were no cases from February 2017
o October 2019. In November 2019, a family cluster of three
ndividuals included a fatal case in a 67-year old mother, and cases
n her 50-year old son and 32-year old housemaid. The son and the
ousemaid had mild disease and fully recovered. We were not able
o identify any history of contact with camels or travel to endemic
ERS-CoV regions. The last case was a reported in February 2020.
Eight patients (29 %) were smokers and 17 (61 %) had at least

ne comorbidity where diabetes mellitus (DM) was the most
ommon, followed by hypertension (HTN), coronary artery disease,
yperlipidemia and obesity. One patient was a kidney transplant
ecipient and was on immunosuppressive therapy. The median
ymptoms duration to health care facility presentation was 4.5
ays (range 0�12). Most of the patients presented with fever,
ollowed by cough, dyspnea, hemoptysis and diarrhea. All patients
ere hospitalized with a median hospital stay 16 days (range 4–
7). Median laboratory findings at the time of hospitalization
ncluded peripheral white blood cell count (WBC) of 5200/mL
range 2000�10,300/uL), alanine aminotransferase (ALT) of 76 U/L
range 8�6000 U/L), aspartate aminotransferase (AST) IU/L of 102
18�6309 IU/L), and procalcitonin of 0.41 ng/mL (range
.05�2.42 ng/mL). Thrombocytopenia was seen in 12 (42.8 %),
igh liver enzymes, AST > 30 IU/L and ALT > 40 was seen in 23(82

%) and 21(75 %) respectively. The median conversion time from
first positive RT-PCR for MERS-CoV to first two consecutive
negative RT-PCR results was 14 days (range 4�30 days). Prolonged
conversion time was mainly seen in sick and immunocompro-
mised patients.

Twenty patients (71 %) had lung infiltrates on chest x-ray at
admission. The chest radiography and computed tomography
findings were consisting of patchy to confluent infiltrate primarily
involving the lower and mid zones bilaterally and progressing to
involve the upper lobes and sometimes complicated by pleural
effusion. Twelve patients (43 %) with bilateral lung infiltrates had
progressed to acute respiratory distress syndrome (ARDS), multi-
organ failure, 15(53 %) needed ventilator support and ICU
admission, 9(32 %) were intubated and mechanically ventilated
and 2(7%) needed extracorporeal membrane oxygenation. Seven-
teen (61 %) patients developed acute kidney injury (AKI), where 6
(33.3 %),1 (5.5 %), and 11 (61.1 %) had stage 1, stage 2 and stage 3 AKI
respectively according to the KIDGO criteria. Nine (32 %) patients
required hemodialysis, among whom only one survived. We
compared characteristics and outcome of patients who developed
AKI and non-AKI, summarized in (Table 2). Patients with AKI group
were older than patients in non-AKI group (P < 0.001), had at least
one comorbidity (P <0.001). Longer symptoms duration prior to
hospitalization was observed in AKI group (P <0.027). AKI patients
had a lower estimated glomerular filtration rate (eGFR) on
admission as compared to non-AKI (P <0.013). There were no
deaths in non-AKI group.

Twelve (43 %) cases of MERS-CoV infections were complicated
by bacterial and fungal infections. 5 (18 %) had bacteremia, two
patients had community acquired bacteremia, Streptococcus
intermedius and Enterococcus avium. The former patient died at
day 13 from the bacteremia. One patient had polymicrobial
bacteremia, Klebsiella pneumoniae (K. pneumoniae) sensitive strain

able 2
omparison of baseline characteristics between acute kidney injury (AKI) and non-AKI groups.

Variables All patients N = 28 (%) AKI N = 17(%) Non-AKI N = 11 (%) P value

Age, Median/range, years 28 51.5+/-14.8 49.6+/-17.7 < 0.001
Male 25 (89) 15 10 0.36

Comorbidities
Presence of � 1 comorbidities 17 15 2 < 0.001
Diabetes Mellitus 10 (36) 8 2 0.10
Hypertension 8 (29) 8 0 < 0.001
Coronary artery disease 6 (21) 6 0 0.03
Hyperlipidemia 5 (18) 4 1 0.26
Obesity 3 (11) 3 0 0.20
Renal transplant recipient 1 (4) 1 0 0.60
Smoking 8 (29) 8 0 < 0.001
Symptoms duration prior to hospital admission, Median/range in days 4 (1�12) 5.4 (1�12) 3.1(0�10) 0.027

Signs on admission
Oxygen saturation � 90 % 14 (50 %) 13 1 < 0.001
Systolic blood pressure � 90 mmHg 9 (32 %) 9 0 < 0.001
Laboratory on admission Median (range)
eGFR at admission 127(37�144) 86 (37�144) 123 (63�123) 0.013
Lowest eGFR during admission 49(7�117) 13.7 (7�72.9) 90 (58�117) < 0.001
WBC 5.2 (2.0�9) 4.7 (2�9.5) 5.36 (2�10.3) 0.41
AST > 30 23 19 4 < 0.001
ALT>40 21 20 1 < 0.001
Bilirubin >20 10 9 1 < 0.001

Clinical outcome
Died 10 (36) 10 (58) 0 < 0.001

Admission duration median/range in days 15 (4�97) 28.6 (6�97) 14.6 (4�36) 0.05
Intensive care unit admission 15 (53) 14 (82) 1(1) < 0.001
Ventilator support 15 (53) 14 (82) 1 (1) < 0.001
Mechanical ventilation 9 (32) 11 (65) 0
Extracorporeal membrane oxygenation 2 (7) 2 (11.7) 0
Non-invasive mechanical ventilation 4 (14) 3 (17.6) 1 (1) < 0.001

4
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and Stenotrophomonas maltophilia and died at day 12 post
bacteremia. One patient had K. pneumoniae and Leuconostoc lactis.
The K. pneumoniae was carbapenem resistant enterobacterales, the
patient was treated successfully and discharged at day 97 from
admission. One patient had initially Pseudomonas aeruginosa
bacteremia complicated one week later by Candida parapsilosis
fungemia which was treated successfully. Antiviral and antibacte-
rial treatments given during hospitalization of MERS-CoV cases are
presented in (Table 3). All patients with abnormal chest x-ray on
admission, 21 (75 %) were started empirically on one or more
antibacterials, 18 (64 %) patients received oseltamivir, one patient
received a combination of pegylated interferon alpha and ribavirin
and one patient pegylated interferon alpha alone. Both patients
had already prolonged stay in intensive care unit and were
critically sick and died within few days after the start of treatment.
The case fatality rate was 36 % (10 patients). Deceased patient’s
characteristics were summarized in (Table 5). Compared to
survivors, non-survivors were older, had at least one or more
underlying comorbidities, all had oxygen saturation below 90 % on
room air, 8 (80 %) had hypotension on admission. All deceased
patients had stage 3 AKI on admission and 9 (90 %) needed
continuous renal replacement therapy (CRRT). All 10 patients
needed respiratory support and were admitted to intensive care
unit with a median length of stay from admission to death 14
(8�43 range). A multivariate analysis of factors influencing
mortality was done and found that ventilator support and AKI
was significantly associated with mortality (HR 5.12, 95 % CI
(1.57�16.67), P value 0.0006 and 4.43 (1.29�15.22), P value 0.0018
respectively (Table 4) (Fig. 2).

One of the deceased patients had, at day 17 of admission,
subarachnoid hemorrhage and mild subdural hemorrhage noted
along the falx (Fig. 3). The patient was having underlying
hypertension and coronary artery disease. His blood pressure
was well controlled, and his coagulation profile and platelets
remained within normal limits during his hospital stay. It was not

MERS-CoV infection in Qatar. The incidence of MERS-CoV is very
low in Qatar as compared to in KSA, 3.49 per 100 000 (95 % CI 3.09–
3.95) [5]. This study showed that the total number of confirmed
MERS-CoV infection was limited to only 28 cases over the last nine
years. Knowing the natural reservoir and the mode of transmission
is of paramount importance to control the spread of MERS-CoV. It
has proven that dromedary camels are the main reservoir for
MERS-CoV, and human can acquire the infection through direct or
indirect contact with infected dromedary camels through their
nasal secretions or their products such as milk [7,8]. Reusken et al.
have found that viable MERS-CoV RNA is present in raw milk
expressed from infected camels [8]. It is not clear whether the virus
is excreted into milk or just a contamination from other body
secretions of infected camels [9]. In the absence of appropriate
infection control measures when dealing with infected MERS-CoV
camels, the environment surrounding the camel can become
contaminated with viable virus [9,10]. Therefore, the WHO advises
to avoid consumption of unpasteurized camel milk [11].

Human-to-human MERS-CoV transmission among close con-
tacts has been well documented in previous reports and has
occurred mainly in healthcare settings reaching up to 50 % of all
confirmed MERS-CoV cases in some reports [7,12]. Hospital
outbreaks were mostly attributed to late identification and
diagnosis of MERS-CoV cases, hospital’s overcrowding and
breaching in infection control measures [13–15]. The absence of
hospital outbreaks in Qatar was most likely due to early
identification of suspected cases, extensive contact tracing, follow

Table 3
Treatment given during hospitalization, comparison between the two groups of survivors and non-survivors.

Variables All patients N = 28 (%) Survivors N = 18 (%) Non-survivors N = 10 (%) P value

Antibiotics given on admission 20 (71.4) 11 (61) 9 (90) 0.104
Azithromycin alone 3 (10.7) 1(5) 2 (20) 0.68
Moxifloxacin alone 3 (10.7) 2 (11.1) 1 (10)
Ceftriaxone + Azithromycin 14 (50) 8 (44.4) 6 (60)

Antibiotic given >1 day from admission
Piperacillin-tazobactam 3 (10.7) 2 (11.1) 1 (10) 0.39
Meropenem 8 (28.5) 0 8 (80)
Linezolid 8 (28.5) 1 (5.55) 7 (70)
Vancomycin 5 (17.8) 2 (11.1) 3 (30)
Antifungal 7 (42) 2 (11.1) 7 (70)
Anidulafungin 5 (17.8) 1 (5.55) 4 (40) 0.21
Amphotericin liposomal 1 (3.5) 1 (5.55) 0
Fluconazole 1 (3.5) 0 1 (10)

Antiviral
Oseltamivir 18 (64.2) 9 (50) 9 (90) 0.73
PEGylated interferon alpha 1 (3.5) 1 (5.55) 0
PEGylated interferon alpha + Ribavirin 1 (3.5) 0 1 (10)

Corticosteroids
Hydrocortisone/or methylprednisolone 9 (32.1) 3 (16.6) 6 (60) 0.184
Vasopressors 12 (42.8) 2 (11.1) 10 (100) < 0.001

Table 4
Multivariate analysis of factors influencing mortality in all patients.

Variable HR (95 %) P value

Age 0.97(0.65�1.4) 0.886
Gender 0000 0.99999
CKD 0.24(0.17�3.64) 0.31

Diabetes 7.76(0.07�7.65) 0.82
Hypertension 1.35(0.13�14.03) 0.79
Comorbidities 9.93(0.34�2.87) 0.99
EGFR 0.92(0.06�13.60) 0.95
Hypotension on admission 1.5(0.00�2.87) 1.000
Ventilatory support 5.12(1.57�16.67) 0.0006
AKI 4.43(1.29�15.22) 0.0018
clear what have caused the subarachnoid hemorrhage.

Discussion

We described the epidemiology, demographics, clinical
characteristics and clinical outcomes of patients with confirmed
5



Table 5
Summary of deceased MERS-cases.

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9 Case 10

Year of MERS
infection

2012 2013 2013 2013 2013 2015 2016 2017 2019 2020

Age/gender 49/M 29/M 56/F 48/M 62/M 73/M 66/M 59/M 67/F 64/M
Comorbidities Hyperlipidemia Asthma, obesity DM, HTN, hyperlipidemia HTN, CAD HTN DM, HTN, CAD DM, HTN, CAD,

renal
transplant

DM DM, HTN,
hypothyroidism

DM, HTN, CAD,
OSA, obese

Duration of
hospitalization
(days)

43 14 8 21 8 13 14 37 15 25

Symptoms duration
before
hospitalization

12 3 3 7 7 3 4 10 7 1

Admitting
Symptoms

Fever, cough Fever, cough, SOB Fever, cough, SOB Fever Fever, cough
SOB

Fever,
cough, SOB,
diarrhea

Fever, cough,
SOB, diarrhea

Fever, cough,
abdominal pain

Fever, cough, SOB Fever, SOB

BP �90 mmhg on
admission

Yes yes Yes Yes Yes Yes No Yes No Yes

SpO2� 90 % on
admission

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

AKI/stage Yes/3 Yes/3 Yes/3 Yes/3 Yes/3 Yes/3 Yes/3 Yes/3 Yes/3 Yes/3
RRT Yes No Yes Yes No Yes Yes Yes Yes Yes
Drop of Platelets
�150 from
baseline

No No No Yes No Yes Yes Yes Yes Yes

Increase of ALT >30 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Increase of AST > 40 No Yes Yes Yes Yes Yes Yes Yes Yes Yes
ICU admission Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Admission’s CHEST
X-RAY

Bilateral
infiltrates

Bilateral infiltrates Bilateral infiltrates Bilateral
infiltrates

Bilateral
infiltrates

Unilateral
infiltrate

Unilateral
infiltrate

Bilateral infiltrates Bilateral infiltrates Bilateral
infiltrates

ARDS Yes Yes Yes Yes Yes No Yes Yes Yes Yes
MV/ECMO/NIV ECMO MV MV MV MV NIV MV MV MV ECMO
Hospital acquired
infection

none none none none none Enterococcus
avium
bacteremia

none K.pneumonia and
STM bacteremia

none VAP
pseudomonas
aerogenosa

Antibiotics received
on admission

Ceftriaxone
+azithromycin

Meropenem+
linezolid

Azithromycin +meropenem Azithromycin Ceftriaxone
+azithromycin

moxifloxacin Ceftriaxone
+azithromycin

Ceftriaxone
+azithromycin

Ceftriaxone
+azithromycin

Ceftriaxone
+azithromycin

Antibiotics after > 1
day of admission

Piperacillin-
Tazobactam
+linezolid

Meropenem+
linezolid

Meropenem+ linezolid Meropenem+
linezolid

Meropenem
+linezolid

Meropenem
+vancomycin

Meropenem+
linezolid

Meropenem
+vancomycin

Meropenem + linezolid Meropenem
+vancomycin

Antiviral Oseltamivir Oseltamivir
+PEGinterferon

Oseltamivir Oseltamivir Oseltamivir Oseltamivir Oseltamivir Oseltamivir Oseltamivir

Antifungal none Anidulafungin Anidulafungin none none none none Anidulafungin Fluconazole Anidulafungin
Steroids none Hydrocortisone

then
methylprednisolone

Hydrocortisone then
methylprednisolone

None None None Hydrocortisone Hydrocortisone
then
methylprednisolone

Hydrocortisone Hydrocortisone

BP: blood pressure, SpO2: oxygen saturation, AKI: acute kidney injury, RRT: renal replacement therapy, ALT: alanine aminotransferase, AST: aspartate aminotransferase, ICU: intensive care unit, ARDS: acute respiratory distress
syndrome, MV: mechanical ventilation, NIV: non-invasive ventilation, ECMO: extracorporeal membrane oxygenation.
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up, and use of robust infection control measures in collaboration

environments in Qatar. Furthermore, the accessibility to molecular
tests, the short turnaround time, the relatively large number of
screening tests performed in our National virology laboratory, have
helped to contain the virus. The MERS-CoV reservoir was well
controlled in Qatar which most likely has led to control the
epidemic. However, scattered cases and nosocomial outbreaks of
MERS-CoV continue to occur in endemic countries including Qatar
[7].

MERS-CoV infection is mainly seen among adult males with a
median age 53 (36–66) [17,18]. The male predominance and
median age of our patients was consisting with previous studies.
We did not have any confirmed pediatric or pregnant women
MERS-COV cases. The number of pediatric and pregnant women
with MERS-COV infection remains very limited [19,20]. As of June
2020, only 11 cases of MERS-CoV infection in pregnant women
and 42 cases in pediatric population were reported worldwide. All
pregnant women with MERS-CoV infection were symptomatic,
with a case fatality rate of 27 % which was not statistically
different when compared to the overall fatality rate [20–23].
Whereas most pediatric cases were asymptomatic and had
favorable outcome with a case fatality rate of 9.5 % (4 cases died)
[24]. The infection was acquired mainly through household
contact in children and health care-associated infection in
pregnant women [20].

The clinical presentation of Middle East respiratory syndrome
coronavirus (MERS-CoV) infection is nonspecific and have ranged
from asymptomatic or upper respiratory symptoms to severe acute
respiratory distress syndrome and multi-organ failure leading to
death [25,26]. Most of our patient were symptomatic at
presentation (89 %) with a duration of symptoms of 5–7 days
prior to hospital admission. The relation between severity of illness
and median time from onset of symptoms to hospital admission
was not well described in previous MERS-CoV studies. Whereas, it
has been shown to be higher in deceased patients in COVID-19 as
compared to recovered patients during the current SARS-CoV-2
pandemic. [4] In addition, it has been reported that common
laboratory features of MERS-CoV infection are similar with COVID-
19 on admission including lymphopenia and raised amounts of
alanine aminotransferase [27]. MERS patients with low albumin,
lymphopenia, thrombocytopenia, usually have worse outcome
[28]. Majority of our patients had low to normal WBC, thrombo-
cytopenia and low procalcitonin. It is not well established whether
low procalcitonin is a factor of good or bad prognosis. The
creatinine kinase (CK) was noted to be high in majority of our
patients. The radiologic findings in our patients was consisting
with previous reports related to MERS-CoV pneumonia were
unilateral or bilateral broncho-alveolar shadowing, interstitial
infiltrates, reticular opacities, reticulonodular shadowing, nodules,
pleural effusions, and/or patchy to confluent consolidation with
lower lobes predominance [29,30]. MERS-CoV infection is often
complicate by ARDS and extra-pulmonary manifestation in
particular AKI. Early and rapid-onset AKI was observed commonly
in patients with MERS-CoV infection, affecting the outcome of the
disease negatively. AKI was reported in 23.3 % of patients with
MERS-CoV infection [31]. AKI was mainly reported in severe MERS-
CoV infection cases and can reach up to 70 % of critically ill patients
[32,33]. The pathophysiology of MERS-CoV infection and AKI is not
well understood. It has been reported that MERS virus is present in
renal tissue suggesting renal tissue tropism for the virus [34]. In
addition, Yeung et al. have demonstrated that the virus is present in

Fig. 2. Kaplan-Meier survival analysis to determine the cumulative survival
probability of admitted MERS-CoV infected patients.

Fig. 3. Computed tomography of the brain showing subarachnoid hemorrhage
noted along the bilateral fronto-temporo-parietal cortical sulci and the bilateral
sylvian fissures. There is mild subdural hemorrhage also noted along the falx. There
is diffuse cerebral edema noted with obliteration of the cortical sulci, basal cisterns
and the ventricular system.
between the Ministry of Public Health, other healthcare partners
and Qatar National Outbreak Control Taskforce. In addition,
knowing the natural reservoir of the virus and establishing a clear
One Health roadmap along with animal health sector is of
paramount importance [16]. This approach has helped in increas-
ing the early screening of all human and camel contacts and their
7

the kidney and the lung and induces apoptosis contributing to
tissue damage leading to ARDS and renal failure [35]. In our study
the number of patients with AKI on admission is relatively high and
is associated with increased mortality.

Of note, one of our patients had neurologic complications with
sub-arachnoid hemorrhage and subdural hematoma. MERS-CoV
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eurologic complications are very rare findings and were reported
nly in few case reports where one case of intracerebral
emorrhage was explained by the presence of thrombocytopenia,
isseminated intravascular coagulation, and platelet dysfunction
nd no obvious cause was found in the second case [20,36].
The fatality rate is high and ranged from 24.2%–60%. The high

atality rate can be an overestimate because mild cases might not
resent to hospital and can be missed [37,38]. Older age, male sex,
nd the presence of chronic conditions such as obesity, diabetes
ellitus, hypertension, malignancies, chronic heart, lung, and
idney disease, and immunocompromised states are associated
ith poor outcome and higher mortality [37]. On the other hand
ounger age and occupation (health care workers) were
ssociated with favorable clinical outcome [39]. In our report
nly presence of comorbidities was statistically significant with
ncreased mortality.

Despite MERS-CoV has emerged since 2012, to date there is
either specific anti- viral treatment nor vaccine available.
everal therapies were used for critically ill patients with
ERS-CoV pneumonia outside clinical trials. Some treatment
ptions were selected based on their in-vitro cell-culture
nhibitory effect against viral replication [40]. For instance,
ntiviral agents like ribavirin, lopinavir-ritonavir, pegylated
nterferon alfa-2a were used with no obvious significance in
he outcome [41]. In addition, other traditional options like
assive antibody treatment with convalescent plasma from
reviously recovered MERS-CoV patients was tried as well [7].
onvalescent plasma was promising in preclinical animal trial
38]. Zao et al. found that sera from infected dromedary camels
an prevent or treat MERS-CoV infected mice especially if the sera
re delivered early during the illness [42]. Two patients out of
hree with severe MERS-CoV pneumonia from South Korea
ecovered after giving convalescent plasma and showed very
ood response [3]. In our series, one patient was given ribavirin
nd another one pegylated interferon alfa-2a without any obvious
mprovement. Both patients were critically sick at the time of
ntervention and both patients died. Clinical trials in human are
till needed to test safety and efficacy of these experimental
reatments.

onclusion

MERS-CoV is a rare infection in the State of Qatar. Most of the
atients had either history of travel to Saudi Arabia or contact
ERS-CoV infected cases or contact with camels. There were no
ospital outbreaks or healthcare worker reported infections. Extra-
ulmonary complications of MERS-CoV infection was marked by
arge number of patients with AKI. In the absence of targeted
herapy and effective vaccine, knowing the reservoir, robust
nfection control measures and early recognitions of infected
ERS cases are of paramount importance to control and prevent

he spread of infection.

tudy limitations

Besides the limitations inherent in retrospective studies, the
mall sample size identified during the study period limited the
etailed description of the clinical characteristics of the study
ubjects.
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