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Background: Middle East Respiratory Syndrome (MERS) is a respiratory disease caused by a novel coro-
navirus that was identified in 2012 in Saudi Arabia. It is associated with significant mortality and mor-
bidity. We identified factors associated with the Middle East Respiratory Syndrome-Coronavirus
(MERS-CoV) infection among suspected cases presented with sign and symptoms of upper respiratory
infection or exposure to the virus. We also looked at the impact of medication history on virus transmis-
sion.
Method: We included subjects with suspected MERS-CoV infection and confirmed cases of MERS infec-
tion. Subjects were excluded if there were any missing data that prevent the final analysis. Descriptive
statistics were used to report demographic data. Percentages and frequencies were used to summarize
the categorical variables, while means and standard deviations were calculated for continuous variables.
Logistic regression was used to assess the risk of MERS-CoV infection among the suspected cases. A value
of p < 0.05 was considered statistically significant.
Results: A total of 16,189 suspected cases were identified, complete data were analyzed for 3154 to assess
factors that are independently associated with MERS-CoV infection. MERS-CoV infection was associated
with age (adjusted odds ratio [AOR] = 1.06; 95% CI [1.02–1.098], P-value = 0.004), male gender
(AOR = 1.617; 95% CI [1.365–1.77], P-value < 0.001) and diabetes (AOR = 1.68; 95% CI [1.346–1.848],
P-value = 0.002. There was no significant association with the other comorbidities. Medication history
was not associated with an increase or decrease the likelihood of the infection.
Conclusions: MERS-Cov infection is more common in male, advanced age and diabetes. No medications
were associated with an increase or decrease the likelihood of the infection. This is important to focus
on screening and detection to this patient population.
� 2019 Published by Elsevier B.V. on behalf of King Saud University. This is anopenaccess article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Background

Middle East Respiratory Syndrome (MERS) a respiratory disease
caused by a novel coronavirus that was identified in 2012 in Saudi
Arabia (Aleanizy et al., 2017; Assiri et al., 2013; Raj et al., 2013). It
is associated with a 35%mortality rate, primarily due to multiorgan
failure (Rivers et al., 2016; Zumla et al., 2015). Middle East
respiratory syndrome-coronavirus (MERS-CoV) can be transmitted
either from non-human to human where dromedary camels are a
major reservoir host for this virus or by a human to the human
transmission which requires close contact (Cotten et al., 2013; de
Groot et al., 2013) Many studies suggested that MERS-CoV has a
male predominance prevalence with a median age of 40 years at
illness onset (Aleanizy et al., 2017; Chan et al., 2015; Chen et al.,
2017). Data showed that underlying immunodeficiency or
immunosuppressant medications and therapies or diabetes melli-
tus are strongly associated with increased morbidity and mortality
(Aleanizy et al., 2017; Chen et al., 2017).

Up to mid-2018, 2229 laboratory-confirmed cases of MERS-CoV
infection were reported to the World Health Organization (WHO)
from 27 countries (Middle East respiratory syndrome coronavirus
(MERS-CoV) WHO MERS Global Summary and Assessment of Risk
Global summary, 2018). Majority of the cases were reported by
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Saudi Arabia, with cases reported from other countries in the Mid-
dle East, North Africa, Europe, the United States of America, and
Asia (Middle East respiratory syndrome coronavirus (MERS-CoV)
WHO MERS Global Summary and Assessment of Risk Global
summary, 2018). This has directed the development of stringent
screening criteria that has been implemented in different health
care systems in Saudi Arabia; including Ministry of Health hospi-
tals. A suspected case which defined as an instance of admission
to a health care facility with any clinical symptoms that suggest
infection or a history of contact with established cases, will trigger
a laboratory MERS-CoV testing using real-time polymerase chain
reaction (RT-PCR) test for MERS-CoV in swab samples collected
at admission (Aleanizy et al., 2017).

Although, many studies have suggested the prognosis of con-
firmedMERS-Cov and the contribution of underlying comorbidities
on the severity of the disease, yet no studies have highlighted the
characteristics of those who tested positive with RT-PCR test
among suspected cases, especially the contribution of medications.
Thus, it is the intent of this paper is to identify factors associated
with the MERS-CoV confirmation among suspected cases and
impact on medications history on virus transmission.
2. Material and methods

2.1. Study population

Subjects with suspected MERS-CoV infection and confirmed
cases of MERS-CoV were included in the final analysis. Suspected
cases were identified from medical record at university hospital
and confirmed cases were identified from both university hospital
and Ministray of Health data. It covers the patient admitted during
the period from September 2013 to December 2018. Suspect cases
were defined as any incidence of hospitalization with two or more
of the following clinical symptoms: temperature (>38 �C), signs of
upper respiratory infection (cough, shortness of breath, sore throat,
etc), runny nose or low level of consciousness. Confirmed cases
were defined as a suspected case with a laboratory-confirmed
MERS-CoV infection on the basis of positive real-time polymerase
chain reaction (RT-PCR) results for MERS-CoV in swab samples.
Subjects were excluded if they were any missing data that prevent
the final analysis.
2.2. Data collection and study plan

After the study had been approved by the Institution Review
Board Committee, we collected the subject’s data on both sus-
pected cases and confirmed cases. Demographic data include age
Table 1
Baseline Characteristics.

Characteristic All (n = 16,537) Suspected Cases (n = 16,189) Comple

Age – Years 40 (0.11) 40 (0.14) 40 (0.24
Male Sex 53% 53% 51%
Hypertension – – 19%
Diabetes – – 16%
Coronary Heart Disease – – 9%
Chronic Kidney Disease – – 3.6%
Asthma/COPD – – 1.2%
Metformin – – 14%
Sulfonylureas – – 1.2%
DDP4 inhibitors – – 0.8%
Diuretics – – 9%
ACEI/ARB – – 16%
BB – – 3%

Data presented as mean (standard error) or percent; *p-value for the comparison of sus
ACEI/ARB = angiotensin-converting enzyme inhibitor and/or receptor blocker, BB = beta
and gender were collected. We have also collected data on existing
comorbidities including diabetes, chronic heart disease defined as
ischemic heart disease, myocardial infarction, and acute coronary
syndrome. Medications at the point of screening were collected,
including metformin, sulfonylureas, Dipeptidyl Peptidase-4 (DPP-
4) inhibitors, Angiotensin-Converting Enzyme inhibitors (ACE inhi-
bitors), beta blockers and diuretics.

2.3. Statistical analysis

Descriptive statistics were used to report the demographic data.
Percentages and frequencies were used to summarize the categor-
ical variables, while means and standard deviations were calcu-
lated for continuous variables. Chi-square or Fisher’s exact test as
required and two-sample t-tests were used to summarize the rela-
tionships between demographic variables and the outcome of the
serological test for categorical and continuous data, respectively.
A logistic regression model was used to assess the risk of MERS-
CoV infection among the suspected cases. A value of p < 0.05 was
considered statistically significant. Data were entered and ana-
lyzed using IBM SPSS for Windows, version 22 (IBM Corp., Armonk,
NY, USA).
3. Results

A total of 16,189 suspected cases were included in the study, of
which 348 (2.15%) had a confirmed laboratory infection with
another tested negative on the RT-PCR. The mean age for the sus-
pected cases was 40 year of age, and the mean age for confirmed
cases was 52 year of age. The majority of the confirmed cases were
male (62%). More comorbidities are common among the confirmed
group including hypertension and diabetes compared to the sus-
pected cases. (For more sample characteristics, see Table 1).

Of the 16,189 suspected cases, complete data were analyzed for
3154 to assess factors that are independently associated with
MERS-CoV infection. MERS-CoV infection was associated with
age (adjusted odds ratio [AOR] = 1.06; 95% CI [1.02–1.098], P-
value = 0.004), male gender (AOR = 1.617; 95% CI [1.365–1.77],
P-value < 0.001) and diabetes (AOR = 1.68; 95% CI [1.346–1.848],
P-value = 0.002. There was no significant association with the other
comorbidities. Medication history was not associated with an
increase or decrease the likelihood of the infection [Table 2].
4. Discussion

In this study, we evaluated the characteristics of confirmed
MERS infection. As reported on smaller studies, age, male sex and
te Data on Screened patient (n = 3154) Confirmed Cases (n = 348) p-value*

) 52 (0.31) <0.001
62% <0.001
21% 0.42
22% 0.02
7% 0.49
5.8% 0.1
1.9% 0.4
19% 0.15
1.7% 0.4
0 1
13% 0.03
15% 0.4
4.2% 0.48

pected cases versus confirmed cases.
blocker.



Table 2
Odds Ratio for Confirmed Cases of MERS-CoV Infection.

Variable OR (95% CI) P-value AOR (95% CI) P-value

Age – – 1.06 (1.02–1.098) 0.004

Gender
Male 2.47 (1.71–3.56) <0.001 1.617 (1.365–1.77) <0.001

Comorbidities
Diabetes 3.28 (1.841–5.867) <0.001 1.68 (1.346–1.848) 0.002
Hypertension 1.64 (0.88–2.34) 0.2 1.2 (0.87–1.64) 0.2
Chronic Kidney Disease 2.43 (1.22–4.67) 0.004 1.6 (0.64–3.22) 0.5
Asthma/COPD 1.87 (0.98–3.66) 0.09 1.47 (0.82–3.56) 0.2

Medications
Metformin 0.814 (0.811–1.65) 0.07 1.131 (0.95–1.37) 0.012
Sulfonylureas 1.25 (0.815–1.35) 0.1 1.126 (0.803–1.58) 0.89
DDP4 inhibitors – – – –
ACEI/ARB 0.64 (0.43–3.95) 0.028 1.19 (0.675–1.52) 0.224
Diuretics 0.968 (0.79–1.4) 0.93 1.987 (0.76–4.87) 0.27
BB 0.945 (0.655–1.34) 0.3 1.112 (0.62–2.244) 0.02

OR: odds ratio; 95% CI: 95% confidence interval.
ACEI/ARB = angiotensin converting enzyme inhibitor and/or receptor blocker, BB = beta blocker.
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comorbidities are likely to be associated with the infection
(Aleanizy et al., 2017; Chen et al., 2017; Guery et al., 2013). Other
variables are less likely to suggest MERS infection. In term of med-
ication history, of the analyzed sample we found no statical differ-
ences that suggest increase or decrease the likelihood of the MERS
infection, however, all subjects on received DiPeptidyl Peptidase-4
(DPP-4) inhibitors tested negative which may suggest an underly-
ing mechanism that prevents the transmission of the virus. Other
medications include metformin, angiotensin-converting-enzyme
inhibitors (ACE inhibitors) nor beta blockers are associated with
an increase or decrease in the likelihood of the MESRA infection.

Like other studies that suggested that MERS infection is pre-
dominance in male, we found a statistical association that con-
firmed this (Aleanizy et al., 2017; Chen et al., 2017; Guery et al.,
2013). Although, our study has a large female representation in
our sample and which can be due to the likelihood of the sharp
increase in health care workers- which likely to be female, screen-
ing upon exposure to a patient with a possible history of MERS
infection. The other reason is many health care institutions became
very strict with screening and testing any suspected cases to pre-
vent MERS infection outbreaks which increase the female detec-
tion. Our study suggests that gender difference is associated with
an increase in the likelihood of MERS infection. Also, our study sug-
gests diabetic patient are more likely to have a confirmed MERS
infection compared to nondiabetic patients which have been also
reported previously in the literature (Zumla et al., 2015).

One of the unique sides of our study is to look at the impact of
medications on MERS infection. To our knowledge, this is the first
study to look at the association of patient’s medication history and
the risk of infection. We found that many medications include
those for chronic diseases are not associated with the increase or
decrease the likelihood of MERS infection. Although many diabetic
patients were on metformin, our analysis shows that it has no
effect on MERS infection. Similarly, sulfonylureas were not associ-
ated with an increase or decrease in the likelihood of the infection.
Of the diabetic medication, patient on DDP-4 inhibitors was less
likely to have MERS infection. The entry receptor for MERS-CoV
was identified as a dipeptidyl peptidase receptor. DDP-4 is
expressed on the surface of human airway and the blockage of this
enzyme may interfere with the virus transmission.

In a similar study looked at the demographics of patients with
MERS infection, many studies suggested that the infection is more
common in patients with comorbidities, primarily diabetes, and
chronic kidney diseases. Moreover, the severity of the infection
and the increased risk of mortality is likely with older patients
and patients with diabetes and chronic kidney diseases. These
findings suggest the benefit of screening suspected infection and
may suggest future preventive therapy.

The limitations of this study include the following. First, there
were some missing data on some demographics data which limit
the analysis to draw a better understanding of the infection. Sec-
ond, this was a retrospective analysis which has an inherited flow
by its nature. Finally, the outcome of infection and the severity of
disease were not reported in the study.

5. Conclusion

MERS-Cov infection is more common in male, advanced age and
diabetes. No medications were associated with an increase or
decrease the likelihood of the infection, except for the DPP-4 inhi-
bitors that have shown a less likely to have MERS infection. This is
important to focus on screening and detection to this patient
population.
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