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A B S T R A C T

Background: Of the three lethal coronaviruses, in addition to the ongoing pandemic-causing SARS-CoV 2,
Middle East Respiratory Syndrome Coronavirus (MERS-CoV) remains in circulation. Information on MERS-
CoV has relied on small sample of patients. We updated the epidemiology, laboratory and clinical characteris-
tics, and survival patterns of MERS-CoV retrospectively with the largest sample of followed patients.
Methods: We conducted a retrospective review of line-listed records of non-random, continuously admitted
patients who were suspected (6,873) or confirmed with MERS-CoV (501) admitted to one of the four MERS-
CoV referral hospitals in Saudi Arabia, 2014-2019.
Findings: Of the 6,873 MERS-CoV suspected persons, the majority were male (56%) and Saudi nationals (83%)
and 95% had no known history that increased their risk of exposure to MERS-CoV patients or vectors (95%).
More confirmed cases reported history that increased their risk of MERS-CoV infection (41%). Among the sus-
pected, MERS-CoV confirmation (7.4% overall) was independently associated with being male, known trans-
mission link to MERS-CoV patients or vectors, fever, symptoms for 7 days, admission through intensive care
unit, and diabetes. Among persons with confirmed MERS-CoV, single symptoms were reported by 20%, 3-
symptom combinations (fever, cough and dyspnea) reported by 21% and 2-symptom combinations (fever,
cough) reported by 16%. Of the two-thirds (62%) of MERS-CoV confirmed patients who presented with
co-morbidity, 32% had 2-"comorbidities (diabetes, hypertension). More than half of the MERS-CoV patents
showed abnormal chest X-ray, elevated aspartate aminotransferase, and creatinine kinase. About a quarter
of MERS-CoV patients had positive cultures on blood, urine, or respiratory secretions. During an average hos-
pital stay of 18 days (range 11 to 30), 64% developed complications involving liver, lungs, or kidneys. Ventila-
tion requirement (29% of MERS-CoV cases) was independently associated with abnormal chest X-ray,
viremia (Ct value <30), elevated creatinine, and prothrombin time. Death (21% overall) was independently
associated with older age, dyspnea and abnormal chest X-ray on admission, and low hemoglobulin levels.
Interpretations: With two-thirds of the symptomatic persons developing multiorgan complications MERS-
CoV remains the coronavirus with the highest severity (29%) and case fatality rate (21%) among the three
lethal coronaviruses. Metabolic abnormalities appear to be an independent risk factor for sustained MERS-
CoV transmission. The poorly understood transmission dynamics and non-specific clinical and laboratory
features call for high index of suspicion among respiratory disease experts to help early detection of out-
breaks. We reiterate the need for case control studies on transmission.
Funding: No special funding to declare.
© 2021 The Author(s). 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/)
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Research in context
1. Introduction

The vulnerability of human populations to lethal zoonotic novel
b-coronaviruses increased recently with three such novel coronavi-
ruses identified in the past 17 years. The three most lethal coronavi-
ruses identified in 2002, 2012, and 2019 respectively are the severe
acute respiratory syndrome coronavirus (SARS-CoV) 2002, the Mid-
dle East respiratory syndrome coronavirus (MERS-CoV), and the
SARS-CoV-2, the cause of the ongoing COVID-19 pandemic [1,2]. All
the three lethal b- coronaviruses, which primarily affect the respira-
tory system, are listed in the World Health Organization (WHO) Blue-
print list of priority pathogens because of their pandemic potential
and the limitations of pharmaceutical countermeasures [3,4].

The first coronavirus outbreak caused by SARS-CoV in 2002 lasted
for nine months and abruptly ended in July 2003 after causing 8,098
cases in 29 countries [5�8]. The second coronavirus outbreak, MERS-
CoV, started in 2012, expanded to 27 countries and remains in circu-
lation with various transmission dynamics [7,8]. Intermittent spo-
radic cases, community clusters, nosocomial outbreaks, and human-
to-human transmissions of MERS-CoV resulted in a total 2,574 (June

Evidence before this study

MERS-CoV, a lethal zoonotic novel b-coronaviruses emerged in
2012, expanded to 27 countries and remains in circulation with
various transmission dynamics. Intermittent sporadic cases,
community clusters, nosocomial outbreaks, and human-to-
human transmissions of MERS-CoV resulted in a total 2,574
(June 2020) laboratory confirmed cases of MERS-CoV. About
80% of reported MERS-CoV cases were reported from Saudi Ara-
bia. Of the three lethal coronavirus, MERS-CoV is unique in that
it has the highest reported case fatality, and, due to the rela-
tively low number of cases, remains the least well-defined in
terms of its epidemiology and natural history.

Added value of this study

We used the line-listed hospital care records of all suspected
(6,873) MERS-CoV cases admitted to one of the four Mers-CoV
referral hospitals in Saudi Arabia, 2014 -2019. In this cohort, we
found a Mers-CoV positivity rate averaging at 7.3% (512 cases)
during 2014 through 2019. Nearly two thirds of Mers-CoV
patients had comorbidities, diabetes being the most common,
and more than half of the patients had two or more concurrent
comorbidities. Mers-CoV patients were hospitalized for an
average of 18 days, two-thirds (64%) developed organ compli-
cations, more than a quarter (29%) developed severity requiring
ventilation, and 21% died at hospital.

Implications of all the available evidence

Our findings on key characteristics of MERS-CoV (percent with
comorbidity, days of hospitalization, percent who require ven-
tilation, case fatality rate) are in the lowest range of values
reported to date. Our report updates information on the most
common concurrent infections that are likely to be observed in
settings that have implemented most advanced infection con-
trol measures. It appears, the confluence of three factors- pres-
ence of highly susceptible population notably with metabolic
disorders, high MERS-CoV burden among the host, and suffi-
cient interaction between the host and susceptible population.-
should be met for efficient and extensive transmission of
MERS-CoV.
2020) laboratory confirmed cases of MERS-CoV [9�11]. About 80% of
reported MERS-CoV cases were reported from Saudi Arabia, with the
largest outbreak outside the Middle Eastern region occurring in South
Korea in 2015 [7,8,12,13]. Of the three lethal coronavirus, MERS-CoV
is unique that it has the highest reported case fatality [14,15], and,
due to the relatively low number of cases, remains the least well-
defined in terms of its epidemiology and natural history [2,11,16].
Other than surveillance, summary reports or sub analysis of specific
variables, comprehensive data on MERS-CoV epidemiology, exposure
history, clinical characteristics, disease progression, and sequelae are
limited to reports of family clusters and hospital outbreaks [11,
12,13, 14,15]. Also, those reports predated changes in case definitions
by theWorld Health Organization (WHO) and the Saudi Arabian Min-
istry of Health. COVID-19 has heightened the interest in coronavirus
infections [19,20]. Given the sparsity of information on previous
lethal coronavirus, there is an urgent need to continually update the
epidemiology and clinical features of MERS-CoV with the largest data
sets available [16,21].

Since the first reported case of MERS-CoV, the Saudi Arabian Min-
istry of Health (MoH) mandated that all patients with respiratory ill-
nesses needing admission to intensive care should be tested for the
virus [17,18]. In this report we used data from the largest continuous
cohort of suspected (6,873) and confirmed (501) MERS-CoV cases
ever reported from one of the four MERS-CoV referral centers in
Saudi Arabia from April 2014 up to November 12, 2019. We present a
comprehensive description of demographic, epidemiological, clinical,
laboratory findings and survival patterns to address some of the
knowledge gaps outlined earlier [1] and in the WHO R&D blueprint
initiative consultation on MERS [4,22].
2. Methods

We conducted a retrospective review of line-listed records of non-
random, continuously admitted patients who were suspected or con-
firmed with MERS-CoV at the Prince Mohammed Bin Abdulaziz Hos-
pital (PMAH) [15,23,24], and followed through discharge, transfer or
death from the hospital, during April 2014 through November, 2019.

PMAH is a 500-bed teaching and referral hospital under the Min-
istry of Health located in the eastern part of Riyadh city with a catch-
ment area of 2,500,000 inhabitants. The hospital covers all medical
and surgical services with an annual admission of about 11,000.

PMAH is a center of excellence for MERS, and one of the four
MERS-CoV regional referral hospitals in Saudi Arabia where all
MERS-CoV suspected persons are referred for further investigation
by all hospitals and clinics in the catchment region. Since 2015, all
referring hospitals conform to the MERS-CoV patient data collection
system required by the MoH and the WHO and report summary data
containing select variables to the Ministry of Health which maintains
a public use version of all MERS-CoV cases in the country [25]. The
Saudi Arabia national MERS data collection system does not include
detailed line-listed patient information on demographics, full list of
risk factors, clinical course and outcome to the extent that is available
in the referral hospital data systems.

2.1. Case definitions

All patients presenting with compatible symptoms defined in the
Saudi Arabia Ministry of Health case definitions [19,26] during the
study period with >14 days separating illness episodes for persons in
whom MERS-CoV infection is suspected are admitted to the hospital
[25]. Asymptomatic patients with an epidemiological link to MERS-
CoV confirmed patients are also subjected to MERS-CoV evaluation.

The data used here were collected after the release of the World
Health Organization MERS-CoV case definitions, July 2013. https://

https://www.who.int/csr/disease/coronavirus_infections/MERS_CoV_investigation_guideline_Jul13.pdf
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www.who.int/csr/disease/coronavirus_infections/MERS_CoV_investi
gation_guideline_Jul13.pdf As with all novel pathogens, case defini-
tions for suspicion of MERS in Saudi Arabia changed over time.
Following the initial World Health Organization case definition, the
MOH of Saudi Arabia updated the case definitions in 2014, 2015,
2017 and 2018 (supplementary appendices 1-5). In Saudi Arabia, per-
sons meeting the MoH case definition [26] for suspected MERS-CoV
infection are hospitalized and undergo detailed investigations until
they are tested negative for the virus. Patients with severe illness are
admitted directly to intensive care unit (ICU) [23,27]. Patients with
non-severe illness are admitted to a special airborne isolation ward
[28,29]. Case definitions have evolved over time. In July 2018, the
MoH implemented a 4-category revision to the 2015 case definition,
with the goal of making the definition more specific. In April 2018,
the MoH revised the case definition for suspected MERS-CoV [26].

2.2. Laboratory confirmation of MERS-CoV

Nasopharyngeal swabs were tested for MERS-CoV by using real
time reverse transcriptase polymerase chain reaction (RT-PCR) as
described previously [5,30,31]. The PCR test the upstream E protein
(upE gene) and ORF1 of MERS-CoV. A positive test was considered
when both assays were positive, and the samples were considered
negative when the MERS-CoV Rt-PCR was negative [5,30]. High vire-
mia was used interchangeably with low cycle threshold (CT) value of
respiratory sample or high viral load in nasopharyngeal swab.

2.3. Hospital infection control procedures

Infection control protocols and measures include prevention of
crowding in any part of the hospital, allocation of special areas in the
hospital to triage and mange suspected and or confirmed cases of
MERS-CoV [1,10,23,24]. Separate buildings housed a dedicated respi-
ratory zone emergency department (R-ED) to receive patients with
respiratory symptoms [24]. Patients from the main emergency room
were triaged by receiving medical staff who ascertained a history of
respiratory symptoms, fever, history of contact with MERS-CoV
patients or visiting the emergency room of any health care facility in
the past two weeks for respiratory diseases [28,32,33]. Patients who
responded affirmatively to these questions and their attendants were
required to wear a surgical mask during the transfer to the respira-
tory emergency department. The R-ED implements, surface hygiene,
physical distancing in waiting rooms and registration area, and con-
sists of negative pressure isolation rooms and high efficiency particu-
late air filters throughout. Infection control nurse monitors staff
compliance with personal protective equipment use and isolation
precautions [1,10,24].

2.4. Contact investigation

In general, contact investigations of community acquired MERS-
CoV infections are conducted by the MOH Ministry of Health staff.
However, contact investigations of PMAH health care workers were
done by the PMAH infection control staff.

2.5. Data

PMAH maintains a database of line listed, routinely collected epi-
demiological, demographic, clinical, laboratory, and clinical proce-
dures and outcome during the period of hospitalization on each
patient in a standardized Microsoft Excel database. The source data
system includes unique patient identification numbers with patients’
national identification numbers, name, age, and addresses. Repeat
admissions for the same patient are documented and can be distin-
guished from previous admissions by dates. Patients were followed
until they were transferred to another hospital, discharged from the
hospital, or died. Events that occurred after discharge from the hospi-
tal were not recorded in the PMAH data.

2.6. Statistical analysis

We used STATA� software, version 15 (StataCorp, College Station,
TX, USA) for all analyses. We summarized the baseline characteristics
of patients at the time of admission for categorical variables as counts
and percentages. Continuous variables (mainly laboratory values)
were summarized as medians because they tended to have non-nor-
mal distributions, an assumption confirmed using the Shapiro-Wilk
test. Among all suspected cases (N=6,873), the primary outcome was
laboratory confirmation of MERS diagnosis. We used logistic regres-
sion to assess potential associations with MERS confirmation, includ-
ing demographic characteristics of patients (age, gender,
employment as a healthcare worker, time and place of admission,
symptom history (any symptoms, gastrointestinal symptoms, dys-
pnea, cough, sore throat, fever, duration of symptoms prior to admis-
sion), and comorbidities (any comorbidity, diabetes, asthma,
hypertension, chronic obstructive pulmonary disease, cancer, liver
disease, and congestive heart failure).Variables that were significant
(P <0.05) in bivariate models were included in a first multivariable
model. If significant in the first model, they were included in the sec-
ond model. If significant in the second model, they were included in a
final model. Variables with P<0.05 in the final model were inter-
preted as significantly associated with MERS confirmation.

Among the 501 confirmed cases, we chose two primary outcome
measures: receipt of mechanical ventilation and death. We used
Kaplan-Meier curves to describe the probability of survival after
admission to the hospital. Exit time was set as the primary outcome
date (of mechanical ventilation or death) or the hospital discharge or
transfer date, whichever occurred first. We assessed the statistical
significance of variables associated with mechanical ventilation and
death using used multivariable Cox-Proportional hazard models to
assess the statistical significance of variables associated with
mechanical ventilation and death. We assessed the same demo-
graphic and clinical variables listed above for the “MERS confirma-
tion” outcome and results of laboratory investigations performed
after admission, including, brain magnetic resonance imaging, micro-
biology, blood culture, urine culture, respiratory culture, MERS CoV
PCR CT < 30, white blood cell count, hemoglobin, platelet count, neu-
trophil creatinine kinase, alanine aminotransferase (ALT), aspartate
aminotransferase (AST), creatinine, albumin, bilirubin, prothrombin
time (PT), partial thromboplastin time (PTT), and lactate dehydroge-
nase (LDG). We modeled the two outcomes separately. We expressed
the exponentiated regression coefficients in terms of a hazard ratio
(HR) in bivariate models and adjusted HR (aHR) in multivariable
models. Variables that were significant (P <0.05) in bivariate models
were included in a first multivariable model. If significant in the first
model, they were included in second model. If significant in the sec-
ond model, they were included in a final model. Variables with
P<0.05 in the final model were interpreted as significantly associated
with death or mechanical ventilation.

We refrained from statistical analysis of trends over time in diag-
nosis or outcomes due to potential bias introduced by the frequent
updates in case definitions and availability of various palliative treat-
ments available and modified over the study period. Data were miss-
ing for several variables relating to laboratory and clinical
investigations among some confirmed cases. Due to the variability in
timing of admission, severity and course of disease, comorbid condi-
tions, and other clinical variables, some variability in laboratory and
clinical investigations among medical staff can be expected, as can
some missingness of data for different patients. We therefore
assumed that these data were missing not completely at random.
Because we were not able to test this assumption based on the avail-
able data, we opted to not impute data for some independent

https://www.who.int/csr/disease/coronavirus_infections/MERS_CoV_investigation_guideline_Jul13.pdf
https://www.who.int/csr/disease/coronavirus_infections/MERS_CoV_investigation_guideline_Jul13.pdf
https://cdc-my.sharepoint.com/personal/sbe2_cdc_gov/Documents/Presentations/PEru%20COVID%209%2022%2021.pptx?web=1


Table 1
Characteristics of 6,873 MERS-CoV suspected and 501 confirmed persons, Saudi Arabia, 2014-2019

Number and % distribution
of suspected cases

Number and % of suspected
cases that were confirmed

P-value

Total 6,873 100 501 7.4
Gender
Female 3,028 44.1 154 5.1 <0.001
Male 3,845 55.9 346 9
Age in years
0-20 316 4.6 14 4.4 <0.001
21-40 1,542 22.4 165 10.7
41-60 1,835 26.7 209 11.4
>60 3,180 46.3 114 3.6
Saudi national
No 1,206 17.5 180 14.9 <0.001
Yes 5,667 82.5 323 5.7
Year of admission
2014 164 2.4 58 35.4 <0.001
2015 1,091 15.9 189 17.3
2016 1,132 16.5 58 5.1
2017 1,696 24.7 76 4.5
2018 1,813 26.4 47 2.6
2019 975 14.2 70 7.2
Healthcare worker
No 6,734 98 431 6.4 <0.001
Yes 139 2 72 51.8
History of travel or exposure to MERS CoV cases or vectors
Unknown 6,548 95.3 295 4.5 <0.001
Positive case 243 3.5 142 58.4
Related of MERS CoV patient 54 0.8 47 87
Animal 23 0.3 15 65.2
Travel 2 0 1 50
Admitted through Intensive Care Unit (ICU)
No 5,331 77.6 331 6.2 <0.001
Yes 1,542 22.4 170 11
Days symptomatic before admissiona

<=7 days 3,272 71.2 213 6.5 0.002
>7 days 1,321 28.8 124 9.4
Any symptoms
No 136 2 51 37.5 <0.001
Yes 6,737 98 451 6.7
Gastrointestinal symptoms
No 5,879 85.5 406 6.9 0.010
Yes 994 14.5 96 9.7
Shortness of breath
No 3,310 48.2 305 9.2 <0.001
Yes 3,563 51.8 196 5.5
Cough
No 2,475 36 200 8.1 0.140
Yes 4,398 64 299 6.8
Sore throat
No 6,626 96.4 477 7.2 0.199
Yes 247 3.6 26 10.5
Fever
No 2,821 41 150 5.3 0.001
Yes 4,052 59 353 8.7
Any comorbidity
No 1,663 24.2 190 11.4 <0.001
Yes 5,210 75.8 313 6
Total number of comorbidities
0 1,663 24.2 190 11.4 <0.001
1 2,673 38.9 179 6.7
2 2,004 29.2 110 5.5
3 493 7.2 20 4.1
4 40 0.6 1 2.5
Diabetes
No 3,854 56.1 304 7.9 0.007
Yes 3,019 43.9 196 6.5
Asthma
No 6,191 90.1 464 7.5 0.115
Yes 682 9.9 39 5.7
Hypertension
No 3,865 56.2 340 8.8 <0.001
Yes 3,008 43.8 162 5.4
Chronic Obstructive pulmonary disease (COPD)

No 6,593 95.9 501 7.6 <0.001

(continued)
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Table 1 (Continued)

Number and % distribution
of suspected cases

Number and % of suspected
cases that were confirmed

P-value

Yes 280 4.1 4 1.4
Cancer
No 6,811 99.1 497 7.3 0.547
Yes 62 0.9 6 9.7
Liver disease
No 6,818 99.2 498 7.3 0.695
Yes 55 0.8 3 5.5
Congestive heart failure
No 6,514 94.8 489 7.5 <0.001
Yes 359 5.2 12 3.3
a Among 6,737 patients with any symptoms. Data were missing from 2,166 (32.2%) of these patients.

Table 2
MERS CoV, Saudi Arabia, 2014-2019: Final multivariate logistic regression model for MERS CoV
confirmation among 6,873 suspected cases.a

Independent variables Adjusted odds ratio 95% CI P-value

Male gender 2.55 (1.85-3.51) <0.001
Age 41 to 60 years 2.22 (1.65-2.99) <0.001
Non-Saudi national 1.50 (1.07-2.09) 0.02
Known transmission link 132.54 (74.52-235.76) <0.001
Admitted through intensive care unit. 2.05 (1.50-2.82) <0.001
Symptomatic > 7 days before admission 2.04 (1.51-2.76) <0.001
Fever 5.77 (3.95-8.44) <0.001
Diabetes 1.52 (1.13-2.05) 0.01
a The first multivariate model (not shown) included all variables with p<=0.05 in the single var-

iable models in Table 1. After removing non-significant variables, the independent variables in the
final model shown here were adjusted for each other.
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variables, rather than exclude cases with incomplete data. Counts of
missing data are presented in the results tables.

Ethical Approval: As per the ethical standards and by laws, retro-
spective analysis of routinely collected data from patients admitted
to service delivery points such as primary, secondary, tertiary and
specialty hospitals are not required to undergo ethical review. As
such the proposed analysis is exempt from a review, Central Ministry
of Health IRB Log number 21-110M.

Role of funding: No special funding to declare.

3. Results

3.1. MERS-CoV suspected persons

Overall, of the 6,873 persons who met the criteria for a suspected
case of MERS-CoV and were admitted to PMAH the majority were
Saudi men (55.9%) aged less than 60 years (53.7%) with no known
exposure information (95.3%) (Table 1). Most were admitted to the
non-emergency wards (77.6%). Only a small percent of the suspected
persons (4.7%) had a known exposure link or were health care work-
ers (2%). The majority of suspected cases (71%) reported symptom
onset within seven days prior to hospitalization. Over half had symp-
toms of cough (64.0%), fever (59%), or dyspnea (51.8%). Two or more
concurrent symptoms were reported by more than half of patients,
with concurrent cough, fever and dyspnea being the most reported
combination. Two-thirds of the MERS-CoV suspected persons had
comorbidities with hypertension or diabetes (both 44%) as the most
common.

3.2. MERS-CoV confirmation among suspected persons

Overall, 7.4% of the 6,873 persons suspected of MERS-COV were
confirmed positive. MERS-CoV seropositivity decreased from 2014
through 2016 and did not vary significantly thereafter (Table 1),
which likely reflects changes in case definitions in 2015 and 2018.
Within the socio-demographics subgroups of suspected persons with
MERS-CoV, the percentages of confirmed positive were highest
among men, those aged 21-60 years, non-Saudi nationals, health care
workers, and those who had contact with animals or positive cases
(Table 1).

Analysis of the 501 MERS-CoV confirmed cases by the source of
origin of the patients, 75.5% of the MERS-CoV diagnosis was con-
firmed among persons referred to PMAH for MERS-CoV evaluation,
and the remainder of the patients were admitted directly to PMAH.

Of note, though exposure link was not known for 59% (295/501) of
the MERS-CoV confirmed patients, the fact that 15 of the MERS-CoV
patients were diagnosed from 23 suspected persons (65.2%), followed
by 47 cases who had link to a positive case (58.4%) underscores
potential missing link in transmission dynamics.

Confirmed diagnoses were greater among patients who were
admitted through the ICU, reported symptoms for more than seven
days, and reported dyspnea, fever, or gastrointestinal symptoms
(Table 1). More males with confirmed MERS-CoV were admitted to
the ICU than females (37.6% vs 25.5%).

Results of the final multivariate logistic regression (Table 2) indi-
cate that male gender [AOR = 2.55 (95% CI: 1.85-3.51), P<0.001],
being a non-Saudi national [AOR=1.50 (95%CI: 1.07-2.09 P=0.02], hav-
ing a known transmission link [AOR=132.54 (95% CI: 74.52-235.76),
P<0.001], admission through the ICU [AOR: 2.05 (95% CI, 1.50-2.82),
P<0.001], reported symptoms >7 days before admission [AOR= 2.04
(95% CI: 1.51-2.76), P<0.001, fever [AOR=5.77 (95% CI: 3.95-8.44),
P<0.001], and diabetes [AOR=1.52 (95% CI: 1.13-2.05), P=0.01] were
significantly associated with a confirmed MERS-CoV diagnosis.
(Table 2). Other symptoms and comorbidities did not independently
increase the likelihood of a confirmed MERS-CoV diagnosis.

3.3. Symptoms among MERS-CoV confirmed patients

Few (10.2%) MERS-CoV confirmed patients presented as asymp-
tomatic (Table 3), nearly all of whom were contacts of MERS-CoV



Table 3
Demographic, clinical, laboratory and radiographic findings among MERS-CoV patients overall and by severity, Saudi Arabia, 2014-2019

All MERS-CoV cases: number
and % distribution

MERS CoV cases who required
ventilation (n,%)

P-value MERS CoV cases who died
at the hospital (n,%)

P-value

Total 501 100 146 29.1 106 21.2
Gender
Female 155 30.9 36 23.2 0.062 24 15.5 0.025
Male 346 69.1 110 31.8 82 23.7
Age in years
0-20 14 2.8 5 35.7 0.019 1 7.1 0.001
21-40 165 32.9 34 20.6 21 12.7
41-60 208 41.5 61 29.3 43 20.7
>60 114 22.8 46 40.4 41 36.0
Saudi national
no 180 35.9 44 24.4 0.045 32 17.8 0.107
yes 321 64.1 102 31.8 74 23.1
Year of admission
2014 58 11.6 16 27.6 0.150 9 15.5 0.554
2015 189 37.9 42 22.2 43 22.8
2016 58 11.6 19 32.8 14 24.1
2017 76 15.2 31 40.8 19 25.0
2018 48 9.6 17 35.4 12 25.0
2019 70 14 21 30.0 9 12.9
Healthcare worker
no 429 85.6 143 33.3 0.000 105 24.5 0.000
yes 72 14.4 3 4.2 1 1.4
History of travel or exposure to MERS -CoV cases or vectors
Unknown 293 58.8 114 38.9 0.000 82 28.0 0.001
Patient 142 28.5 24 16.9 21 14.8
Relative of patient 47 9.4 2 4.3 1 2.1
Animal 15 3 4 26.7 2 13.3
Travel 1 0.2 0 0.0 0 0.0
Admitted through Intensive Care Unit
no 332 66.3 30 9.0 0.000 31 9.3 0.000
yes 169 33.7 116 68.6 75 44.4
Days symptomatic before admission
<=7 days 212 63.1 67 31.5 0.219 45 21.2 0.242
>7 days 124 36.9 32 26.0 20 16.1
Any symptoms
no 51 10.2 5 9.8 0.001 6 11.8 0.071
yes 450 89.8 141 31.3 100 22.2
Gastrointestinal symptoms
No 405 80.8 124 30.5 0.163 92 22.7 0.119
Yes 96 19.2 22 23.2 14 14.6
Dyspnea
No 305 60.9 54 17.7 0.000 41 13.4 0.000
Yes 196 39.1 92 46.9 65 33.2
Cough
No 200 39.9 59 29.4 0.927 41 20.5 0.803
Yes 301 60.1 87 29.0 65 21.6
Sore throat
No 475 94.8 145 30.5 0.000 105 22.1 0.002
Yes 26 5.2 1 3.8 1 3.8
Fever
No 149 29.7 44 29.3 0.948 36 24.2 0.223
Yes 352 70.3 102 29.1 70 19.9
Any comorbidity
No 190 37.9 29 15.3 0.000 16 8.4 0.000
Yes 311 62.1 117 37.6 90 28.9
Diabetes
No 305 60.9 71 23.4 0.000 50 16.4 0.000
Yes 196 39.1 75 38.1 56 28.6
Asthma
No 462 92.2 134 29.1 0.888 99 21.4 0.607
Yes 39 7.8 12 30.0 7 17.9
Hypertension
No 338 67.5 75 22.2 0.000 50 14.8 0.000
Yes 163 32.5 71 43.6 56 34.4
Chronic Obstructive Pulmonary disease
No 497 99.2 143 28.8 0.057 102 20.5 0.000
Yes 4 0.8 3 75.0 4 100.0
Cancer
No 495 98.8 144 29.1 0.811 103 20.8 0.063
Yes 6 1.2 2 33.3 3 50.0
Liver disease
No 498 99.4 144 28.9 0.020 104 20.9 0.002
Yes 3 0.6 2 66.7 2 66.7

(continued)
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Table 3 (Continued)

All MERS-CoV cases: number
and% distribution

MERS CoV cases who required
ventilation (n,%)

P-value MERS CoV cases who died
at the hospital (n,%)

P-value

Congestive heart failure
No 489 97.6 141 28.8 0.293 101 20.7 0.022
Yes 12 2.4 5 45.5 5 41.7
Chest X-ray
Negative 155 36.3 10 6.5 0.000 9 5.8 0.000
Positive 272 63.7 114 41.9 86 31.6
missing 74 22 11
Brain Magnetic Resonance Imaging
Negative 370 73.9 99 26.8 0.140 75 20.3 0.522
Positive 131 26.1 47 35.9 31 23.7
Microbiology
Negative 238 64 34 14.3 0.000 25 10.5 0.000
Positive 134 36 75 56.0 59 44.0
Missing 129 37 22
Blood culture
Negative 332 74.1 77 23.2 0.010 60 18.1 0.113
Positive 116 25.9 55 47.4 34 29.3
Missing 53 14 12
Urine culture
Negative 341 76.5 91 26.7 0.146 65 19.1 0.419
Positive 105 23.5 40 38.1 27 25.7
Missing 55 15 13
Respiratory culture
Negative 337 75.6 65 19.3 0.000 46 13.6 0.000
Positive 109 24.4 66 60.6 47 43.1
Missing 55 155 13
MERS CoV PCR CT < 303

No 141 39.5 15 10.6 0.000 13 9.2 0.000
Yes 216 60.5 92 42.6 69 31.9
Missing 144 39 24
White blood cell count
Below normal 93 21.7 17 18.3 0.000 12 12.9 0.000
Normal 270 63.1 72 26.7 54 20.0
Above normal 65 15.2 36 55.4 31 47.7
Missing 73 21 9
Hemoglobin
Below normal 211 49.3 94 44.5 0.000 76 36.0 0.000
Normal 211 49.3 29 13.7 20 9.5
Missing 73 21 9
Platelet count
Below normal 113 26.4 41 36.3 0.032 31 27.4 0.353
Normal 299 69.9 78 26.1 62 20.7
Missing 73 21 9
Neutrophil
Below normal 36 8.7 2 5.6 0.000 2. 5.6 0.000
Normal 295 71.4 72 24.4 50 16.9
Above normal 82 19.9 48 58.5 43 52.4
Missing 88 24 11
Creatinine kinase
Below normal 49 24.1 15 30.6 0.171 12 24.5 0.426
Normal 45 22.2 13 28.9 11 24.4
Above normal 109 53.7 44 40.0 35 32.1
Missing 298 75 48
Alanine aminotransferase (ALT)
Normal 253 66.6 76 30.0 0.768 59 23.3 0.858
Above normal 126 33.2 37 29.4 29 23.0
Missing 121 33 18
Aspartate aminotransferase (AST)
Normal 122 32.9 13 10.7 0.000 9 7.4 0.000
Above normal 249 67.1 91 36.5 73 29.3
Missing 130 42 24
Creatinine
Below normal 95 26 19 20.0 0.000 15 15.8 0.000
Normal 203 55.6 39 19.2 27 13.3
Above normal 67 18.4 41 61.2 35 52.2
Missing 136 47 29
Albumin
Below normal 216 49.3 106 49.1 0.000 75 34.7 0.000
Normal 215 49.1 29 13.5 24 11.2
Missing 63 10 7
Bilirubin
Normal 338 85.6 87 25.8 0.000 66 19.5 0.000
Above normal 49 12.4 29 59.2 24 49.0
Missing 106 27 15

(continued)
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Table 3 (Continued)

All MERS-CoV cases: number
and % distribution

MERS CoV cases who required
ventilation (n,%)

P-value MERS CoV cases who died
at the hospital (n,%)

P-value

Prothrombin Time (PT)
Normal 231 69.6 52 22.6 0.000 42 18.2 0.000
Above normal 88 26.5 56 64.0 41 46.6
Missing 169 34 22
Partial Thromboplastin Time (PTT)
Normal 202 62.9 51 25.2 0.000 39 19.3 0.001
Above normal 73 22.7 45 61.6 33 45.2
Missing 180 41 26
Lactate dehydrogenase (LDH)
Normal 11 10.7 3 27.3 0.130 1 9.1 0.070
Above normal 91 88.4 50 55.0 39 42.9
Missing 398 93 66

1Patients admitted to one of the four MERS-CoV referral hospitals in Saudi Arabia. 2Denominator for laboratory and other investigations vary. 3CT (Cycle Threshold)
value is the number of cycles necessary to spot the virus, lower threshold indicates high viral count; PCR, polymerase chain reaction. The number of missing values
are reported when missing in >1% of subjects.

Figure 1. MERS CoV, Saudi Arabia, 2014-2019: Prevalence and single and combination symptoms and comorbidities among 501 confirmed cases admitted to one of the four MERS-
CoV referral hospitals
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positive cases identified though contact tracing. Fever (70.3%), cough
(60.1%) and dyspnea (39.1%) were the most commonly reported
symptoms among confirmed cases Table 3. One in five confirmed
cases reported only one symptom (20%), including fever (10%), cough
(3%), dyspnea (4%), gastrointestinal (1%), and sore throat (0.2%)
(Figure 1). The most frequently reported concurrent symptoms
among confirmed cases were concurrent fever, cough, and dyspnea
(21%) and concurrent fever and cough (16%) (Figure 1).

3.4. Comorbidities among MERS-CoV confirmed patients

A majority of MERS-CoV confirmed patients had at least one
comorbidity (62%), among which diabetes (39.1%) and hypertension
(32.5%) were the most common (Table 3). Almost half of confirmed
cases had a single comorbidity (7.8%), including diabetes (14%),
hypertension (9%), and asthma (4%) (Figure 1). The most frequently
reported concurrent comorbidities were concurrent diabetes and
hypertension (32%) and concurrent diabetes, hypertension, and
congestive heart failure or (3%). (Figure 1).
To assess whether the differences in co-morbidity may under-
score the gender difference in MERS-CoV confirmation, we conducted
a sub analysis of comorbidities by gender among suspected vs con-
firmed cases. Asthma and cancer occurred with similar frequency
among men and women in both groups (data not shown in tables).
MERS-CoV suspected but unconfirmed women had a greater diabetes
prevalence than MERS-CoV confirmed (49% vs 31%), but among men
diabetes was more prevalent among MERS-CoV confirmed patients
(40% vs 43%).

3.5. Laboratory and diagnostic findings among MERS-CoV confirmed
cases

Among MERS-CoV confirmed persons, the three most common
laboratory and diagnostic findings observed among more than half of
the patients were abnormal chest X-ray (63.7%), elevated levels of
aspartate aminotransferase (AST) (67.1%), and elevated creatinine
kinase (53.7%) (Table 3). The next three frequent abnormal findings
were decreased albumin and hemoglobin levels noted among half of



Table 4
Clinical and laboratory features and clinical outcome of 501 MERS-CoV patients by gender, Saudi Arabia, 2014-
20191

Female Male P-value

Hematology (reference value), median (IQR)
WBC (4.0-11.0) 6.9 (4.6-9.4) 5.7 (3.9-8.8) 0.0143
Hgb (13.5-175) 12.5 (9.9-14.1) 13.9 (11.3-15.3) <0.001
Neutrophil (1.50-7.8) 4.3 (2.7-6.4) 4.0 (2.4 - 6.7) 0.29
Platelets (150-450) 251 (181 - 306) 195 (133-249) <0.001
Blood Chemistry, median (IQR)
Creatinine (62-115) 56 (64-78.8) 77 (67.8 -129.7) <0.001
Albumin (32-46) 33(28-40) 31 (25-37) 0.003
AST(5-34) 39 (24-90) 72.5 (35-118) <0.001
ALT (5-55) 24 (14-53) 43 (24-84) <0.001
Bilirubin (3.4-20.5) 7.7 (5.6-11.3) 10.1 (7-15.6) <0.001
LDH (125-243) 477 (216-603) 546 (375-821) 0.04
Microbiology and culture positive, number of patients (%)
Microbiology test, 44 (35.2) 90 (36.4) 0.81
Blood Culture 26 (18.7) 90 (29.1) 0.02
Urine Culture 25 (18.1) 80 (26.0) 0.07
Respiratory culture 25 (18.0) 84(27.4) 0.03
Other culture 22 (16.1) 88 (29.0) 0.004
Complications, number of patents (%)
Chest x-ray, positive 75 (52.8) 197 (69.1) 0.001
Acute lung Injury 7 (16.7) 24 (16.11) 0.93
Acute renal injury 1 (2.4) 5 (3.4) 0.74
Pneumonia 12 (27.9) 39 (26.2) 0.82
Pleural effusion 2 (4.7) 8 (5.4) 0.88
Cardiac arrest 5 (11.9) 18 (12.2) 0.96
Seizure, stroke, or shock 3 (7.1) 6 (4.1) 0.41
Other 14 (32.3) 14 (29.9) 0.74
No complications 12 (27.9) 59 (38.6) 0.20
Admitted to, number of patients (%)
Intensive care unit 39 (25.2) 130 (37.6) 0.01
Ward 116 (74.8) 216 (62.4) 0.01
Duration of hospital stay, median (IQR)

16 (11-28) 19 (14-30) 0.16
Clinical outcome, number of patients (%)
Died 24 (15.5) 82 (23.7) 0.04
Discharged 124 (80.0) 248 (71.7) 0.05
Transferred 3 (1.9) 8 (2.3) 0.79

1Patients admitted to one of the four MERS-CoV referral hospitals in Saudi Arabia.2Denominator for laboratory and
other investigations vary. AST, Aspartate Aminotransferase; ALT, Alanine Aminotransferase; LDH, lactate
dehydrogenase
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the patients (49.3% each), and elevated alanine aminotransferase
(ALT) among one-third of the patients (33.2%). About two-thirds of
patients (60.5%) had significant viremia measured by Cycle Threshold
(CT) values <30 at the time of diagnosis.

About a quarter of MERS-CoV confirmed persons had above nor-
mal prothrombin (26.5%) and partial thromboplastin time (22.7%).
Other hematological abnormalities were observed among fewer
patients and included: leukocytosis (21.7%), leukopenia (15.2%), neu-
trophilia (19.9%), neutropenia (8.7%), and thrombocytopenia (26.4%).
Elevated lactate dehydrogenase was observed among 88% of the 113
patients who were tested. Though multiple diagnostic or laboratory
abnormalities were common, we did not observe any notable pat-
terns. Given that high burden of lung pathology shown by chest X-
ray, most of the patients with abnormal chest findings also had other
concurrent laboratory anomalies.

Microbiology showed positive findings among one third of
patients (36%), and one fourth had positive culture findings on all
three types of specimens: blood (25.9%), urine (23.5%), respiratory
(24.4%). (Table 3). The three most pathogens identified by blood cul-
ture were staphylococcus species (38%) klebsiella species (13%), and
candida (13%) (data not shown in tables). In urine culture, the three
most common findings were enterococcus (33%), candida (28%), and
klebsiella pneumoniae species (15%). In respiratory culture, the three
most common pathogens were pseudomonas (23%), Acinetobacter
baumanii complex (MDRO) (17%) and klebsiella species (15%) (data
not shown in table).

Among MERS-CoV confirmed cases, we conducted sub analysis by
gender to assess the significance of variations in the above-men-
tioned laboratory findings (Table 4). Among MERS-CoV confirmed
cases, abnormal findings on chest X-ray were more prevalent among
men than women (69.1% vs 52.8%). Gender differences in hematol-
ogy, blood chemistry, and cultures were also statistically significant.
3.6. Clinical outcome

Overall, during an average hospital stay of 18 days (range 11 to
30), over one-third (36%) of MERS-CoV confirmed patients did not
develop complications. The 64% of patients who developed complica-
tions confirms earlier observations of multiorgan involvement in
MERS-CoV infection. Pneumonia (26%), acute lung injury (16%), and
cardiac arrest (12%) were the leading complications. Cerebrovascular
events were noted among 5% and acute renal injury among 3%. Con-
trary to significant gender differences in diagnostic and laboratory
findings, there was no statistically significant differences by gender
in development of complications during hospital stay or in the dura-
tion of hospital stay (IQR, male 19 days, females 16 days, p=0.16)
among MERS confirmed case, except for the likelihood of being



Table 5
MERS CoV, Saudi Arabia, 2014-2019: Final multivariate cox proportional hazard models for ventilation and death
among 501 confirmed cases.a

Outcome Independent variables Adjusted hazard ratio 95% CI P-value

Ventilation
Unknown transmission link 2.09 (0.91-4.77) 0.08
Chest X-ray positive 2.58 (1.11-5.99) 0.03
Microbiology positive 2.18 (1.07-4.42) 0.03
Blood culture positive 3.21 (1.57-6.57) 0.001
MERS CoV PCR cycle threshold value < 30 b 2.85 (1.45-5.60) 0.002
Elevated creatinine 1.87 (1.02-3.42) 0.04
Elevated prothrombin time 2.85 (1.56-5.22) 0.001

Death
Age >60 years 2.37 (1.23-4.59) 0.01
Dyspnea 2.48 (1.26-4.91) 0.009
Hemoglobin below normal 2.74 (1.39-5.42) 0.004
Chest X-ray positive 3.74 (1.44-9.69) 0.01
Microbiology positive 4.47 (2.16-9.27) <0.001
Elevated alanine aminotransferase 2.85 (1.09-7.44) 0.03

a The first multivariate models for each outcome included all variables with p<=0.05 in the single variable models
in Table 3. After removing non-significant variables from the first and second multivariable models (not shown), the
independent variables in the final models here were adjusted for each other.

b The PCR cycle threshold (CT) value is the number of cycles necessary to spot the virus. A lower threshold indi-
cates high viral count.

Figure 2. MERS-CoV in Saudi Arabia, 2014-2019: Kaplan Meier survival analysis of 6873 suspected (501 confirmed) cases admitted to one of the four MERS-CoV referral hospitals.
Curves shown for survival among all suspected laboratory negative and laboratory confirmed cases, and among laboratory confirmed cases by gender, age, comorbidity, place of first
admission, and PCR Cycle threshold (CT) values
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admitted to the ICU. Men were significantly more likely to be admit-
ted to the ICU (37.6% vs 25.2%) (Table 4).
3.7. Severe outcomes (ventilation requirement, death)

Overall, 29.1% (146/501) of MERS-CoV patients required ventila-
tion, an index of disease severity (Table 3). In the unadjusted analysis,
the factors that increased the risk of ventilation included older age,
unknown transmission link, dyspnea, admission through intensive
care unit, comorbid diabetes, hypertension or liver disease and vari-
ous laboratory findings, including positive findings on chest X-ray,
microbiology positive, respiratory culture positive, and high viremia
(Table 3). However, only six of these factors showed significance in
the multivariate model adjusting for other variables, including Posi-
tive chest X-ray, [AHR=2.58 (95% CI: 1.11-5.99), P=0.03], positive
microbiology [AHR=2.18 (95% CI: 1.07-4.42), P=0.03], positive blood
culture [AHR=3.21 (1.57-6.57), P=0.001], high MERS CoV viremia
[AHR=2.85 (95% CI: 1.45-5.60), P=0.002], elevated creatinine
[AHR=1.87 (95% CI: 1.02-3.42), P=0.04], and elevated prothrombin
time [AHR=2.85 (95% CI: 1.56-5.22), P=0.001] (Table 5).

Overall, 21% of MERS-CoV patients died, with a greater percentage
of men dying than women (23.7% vs. 15.5%). Kaplan Meier survival
analysis indicated lower survival among MERS-CoV confirmed cases
compared to suspected unconfirmed cases (Figure 2). Among MERS-
CoV confirmed patients, survival decreased with increasing age, and
was the lowest among male, those with co-morbidities, those admit-
ted through the intensive care unit, and those with high viremia (PCR
Ct <30) (Figure 2).

In the final multivariate model, independent predictors of death
varied slightly from that of factors predictive of ventilation require-
ment. Factors significantly associated with death included age >60
years [AOR=2.37 (95% CI: 1.23-4.59), P=0.01], dyspnea [AOR=2.48
(95% CI: 1.26-4.91), P=0.009], hemoglobin below normal [AOR=2.74
(95% CI: 1.39-5.42), P=0.004], chest X-ray positive [AOR=3.74 (95% CI:
1.44-9.69), P=0.01], microbiology positive [AOR=4.47 (95% CI: 2.16
9.27), P<0.001], and elevated ALT [AOR=2.85 (95% CI: 1.09-7.44),
P=0.03]. Over time, the variation in the percentage of MERS-CoV
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patients who required ventilation or died was not significant in uni-
variate or multivariate analysis.

4. Discussion

In this cohort of 6,873 persons suspected of MERS-CoV infection,
we found a MERS-CoV positivity rate averaging at 7.4% during 2014
through 2019. Nearly two thirds of MERS-CoV patients had comor-
bidities, diabetes being the most common, and more than half of the
patients had two or more concurrent comorbidities. MERS-CoV
patients were hospitalized for an average of 18 days, two-thirds
(64%) developed organ complications, more than a quarter (29%)
developed severity requiring ventilation, and 21% died at hospital.
Our findings on key characteristics of MERS-CoV (percent with
comorbidity, days of hospitalization, percent who require ventilation,
case fatality rate) are in the lowest range of values reported to date
[7,15,34,35]. Our report updates information on the most common
concurrent infections that are likely to be observed in settings that
have implemented most advanced infection control measures.

The most important contribution of this report is the updating of
earlier epidemiologic and clinical observations of MERS-CoV based
on small samples of patients, pooled data, or time-limited analyses
providing more accurate mean values. Our findings emanate from
the largest ever reported single case series on persons with MERS-
CoV and followed through the entire course of illness in the only
remaining MERS-CoV endemic country, Saudi Arabia MERS-CoV.
Data in this report were obtained after the revision in 2013 of the
WHO interim surveillance guidelines that allowed screening over a
wider geographic area.

Our data is subject to some limitations. In this cohort, while the
larger sample size of patients gives more accurate mean values, the
high index of suspicion among health care providers and more
streamlined clinical case definitions may have resulted in early detec-
tion of the MERS-CoV infections than in the early stages of the out-
break when MERS-CoV diagnosis may have been delayed [2].
Another limitation is that all patients in our report are hospitalized
and have benefited from a range of potential new or repurposed
pharmaceutical treatment options on trial influencing the clinical
progression and survival [15,26]. The MERS-CoV case definition is
symptom-based and therefore clinical patient-based reports may not
capture the true population prevalence of MERS-CoV or accurately
describe the characteristics of human MERS-CoV infections in the
population [25,26]. In addition, our analysis is based on a non-ran-
dom sample of patients receiving care at a large referral hospital.
Although we assume that the demographic and risk profiles of these
patients are comparable to non-sampled patients seeking diagnoses
and treatment for MERS elsewhere, we were not able to confirm this
assumption and its effect on the generalizability of our results to the
broader Saudi population. However, given the severity of MERS-CoV,
characterization of MERS-CoV infection may be sufficient to inform
clinical practice guidelines. Another limitation of this report that BMI
data were not routinely reported in a standardized way during the
period of analysis. In the analysis we could not maintain covariates in
the models as potential confounders, even if they demonstrated non-
significance in bivariate analyses/single models. And Lastly, we did
not test for interactions in the multivariable models.

The characteristics that are independent predicters of the diagno-
sis of MERS-CoV among the suspected cases are non-specific and
were observed earlier at least in univariate analyses—male gender,
40-60 years of age, known transmission link, fever, symptoms for >7
days, admission through the ICU, and co-morbid diabetes. As
observed with other lethal coronaviruses SARS and SARS-COV-2, the
non-specificity of epidemiologic and clinical symptoms highlights
the limitation of their utility in differentiating MERS-CoV infection
form other and respiratory infections including that caused by the
other two lethal coronaviruses.
The reasons for men being disproportionately affected by MERS-
CoV is not well understood [2,15,32,36,37]. Based on the large sample
of patients in this cohort, we reflect on the transmission dynamics of
MERS-CoV with reference to metabolic syndrome related conditions,
male gender, age, the geography of MERS-CoV prevalence among
camels, and per-capita camel population [2,11,38,39]. The fact that
over 95% of the suspected persons and 59% of MERS-CoV confirmed
patients had no known exposure to potential source of infection, cou-
pled with high correlation of infection among those with animal and
case contact underscores the poorly understood transmission
dynamics of MERS-CoV [11].

As indicated by earlier observations on the relationship between
MERS-CoV and diabetes, the higher prevalence of diabetes among
men in KSA (34%) relative to women (27%) and as high as 50% among
persons over 50 years, and the fact that about 40% of MERS-CoV
patients had diabetes helps to strengthen the diabetes-male MERS
risk explanations [34,40�44]. Population prevalence of overweight
and obesity (2019, overall, 38% and 28% respectively) has been on the
increase in KSA [34,40]. In KSA, men are more likely to be overweight
than women (41% vs 35%) whereas their obesity prevalence is lower
than that among women (26% vs 29%) [40,45]. The cellular receptor
for MERS-CoV is the surface molecule DPP4. Studies that induced
DPP4 in mice using a high fat diet led to the diabetic mice exhibiting
a more prolonged and severe course of disease following MERS-CoV
infection [41,46]. Metabolic disorders are known to down-regulate
key mediators of the host innate immune response to pathogenesis
[46,47]. In our cohort, MERS-CoV suspected but unconfirmed women
had a greater diabetes prevalence than MERS-CoV infected indicating
that women with diabetes are more likely to present with commu-
nity acquired non-MERS-CoV respiratory diseases leading to their
inclusion among the suspected cases [15]. However, among men, dia-
betes was more prevalent among MERS-CoV confirmed patients
[34,45]. This would mean that men aged 40-60 years in Saudi Arabia
have greater exposure to the source of infection than women. Fur-
ther, the high prevalence of metabolic diseases -related pathophysi-
ology in men [14,34,35,40,41] predisposes them to the expression of
MERS-CoV disease. KSA has the 4th largest camel to population ratio
(1 to 40 persons) after Somalia, Mauritania (1 to 1.4) and Sudan (1 to
8.6) [39,48]. The prevalence of diabetes in these countries with high
per-capita camel population (Mauritania 6.7%, Somalia 5.1%, Sudan
7.7%) is however substantially lower than that of Saudi Arabia and
may not provide sufficient susceptible population to cause large out-
breaks [48,49]. The most recent seroprevalence of MERS-CoV among
camels in Saudi Arabia was 92.7% and RNA detection rate was 17.2%,
with some variation between imported and resident herds, but RNA
detection was as high as 35.5% among resident camel herds than
imported [11,29,48,49]. Therefore, it appears the confluence of three
factors- presence of a highly susceptible population notably with
metabolic syndrome conditions, high MERS-CoV burden among the
host, and sufficient interaction between with the host and susceptible
population —should be met for efficient and extensive transmission
of MERS-CoV [38,50]. Case-control studies among camel herders and
controlling for diabetes and phylogenetic analyses of MERS-CoV
would help clarify the diabetes-camel-MERS-CoV interactions.

Our report helps to update the prevalence of clinical outcomes
with more generalizable data. We note also that clinical symptoms,
laboratory and diagnostic imaging findings of MERS-CoV are non-
specific and similar to that of other community-acquired respiratory
tract infections [15,51,52]. Though imaging and chest X-ray features
resemble the findings of community acquired pneumonia, the high
rates of progression to acute respiratory distress syndrome and death
distinguishes MERS-CoV from other common respiratory infections
and coronaviruses [16,41,53,54]. Pathological changes in the lungs
include evidence of focal hemorrhagic necrotizing pneumonia with
exudative diffuse alveolar damage, indistinguishable from findings
detected in severe pneumonia caused by other viral agents. Patients
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with MERS can typically present with fever, chills, rigors, headache, a
non-productive cough, sore throat, arthralgia, and myalgia followed
by dyspnea [15,51,55]. Other associated symptoms include coryza,
nausea, vomiting, dizziness, sputum production, diarrhea, and
abdominal pain [8]. Our patients did not show high burden of kidney
anomalies as reported earlier based on 70 patients in a center with
high concentration of patients with renal pathologies [27]. This may
be due to the difference in underlying comorbidities of patients
between the two groups.

Co-infection with MERS-CoV and SARS CoV-2 have been reported
in Saudi Arabia yet. Of the 8 patients reported, 4 (50%) were dis-
charged home and 3 (37.5%) died [21]. Co-infection of MERS-CoV
with other respiratory viruses (such as parainfluenza virus, rhinovi-
rus, influenza A or B virus, respiratory syncytial virus, enteroviruses,
and human metapneumovirus) and nosocomial bacterial infections
has been reported in patients receiving intensive care [2,34,56].
Given that hospital infection control procedures have been updated
and strengthened for MERS-CoV in KSA, the continued role of concur-
rent infections affecting over one-third of MERS-CoV patients may be
reflective of the multi-system immunopathology of MERS-CoV infec-
tion [28,56,57].

Independent predictors of severity and death varied slightly in
this cohort and probably relates to advance care and management
received by MERS-CoV patients. The independent risk for both venti-
lation requirement and death were lung pathology (indicated by pos-
itive chest X-ray as an independent risk) and susceptibility to
concurrent infections (indicated by microbiology positively as an
independent risk) underscores the significance of lung involvement
in coronavirus infections [15]. Our multivariate regression models
did not identify comorbidity or gender as a determinant of MERS-
CoV disease progression as has been reported earlier [15,27]. Pooling
of data small sample sizes, and shorter timeframe of evaluation may
all have contributed to such observations in earlier reports
[5,10,27,37].

Of note, the odds of viremia were higher among those required
ventilation predisposing them to more concurrent infections as
shown by blood culture and microbiology results among patients
requiring ventilation. Access to repurposed therapeutic options may
have averted death among some patients. Therefore, not all the inde-
pendent risk factors for severity may be relevant for death.

In summary, this report serves as the most comprehensive and
large sample-based epidemiological and clinical outcome data
gleaned from following over six thousand MERS-CoV suspected cases
through confirmation and the entire duration of clinical course. Given
the rarity of MERS-CoV, continued collection, storage, and analysis of
MERS-CoV data remains a strategic priority to inform global emerg-
ing disease research.
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