Hindawi
Advances in Virology
Volume 2017, Article ID 4247853, 7 pages
https://doi.org/10.1155/2017/4247853

Research Article
Patterns of Human Respiratory Viruses and Lack of
MERS-Coronavirus in Patients with Acute Upper Respiratory
Tract Infections in Southwestern Province of Saudi Arabia
Ahmed A. Abdulhaq,1,2 Vinod Kumar Basode,1 Anwar M. Hashem,3,4
Ahmed S. Alshrari,5 Nassrin A. Badroon,3 Ahmed M. Hassan,3 Tagreed L. Alsubhi,3
Yahia Solan,6 Saleh Ejeeli,1 and Esam I. Azhar3,7
1

Unit of Medical Microbiology, Department of Medical Laboratory Technology, College of Applied Medical Science,
Jazan University, Jazan, Saudi Arabia
2
Deanship of Scientific Affairs and Research, Jazan University, Jazan, Saudi Arabia
3
Special Infectious Agents Unit, King Fahd Medical Research Center, King Abdulaziz University, Jeddah, Saudi Arabia
4
Department of Medical Microbiology and Parasitology, Faculty of Medicine, King Abdulaziz University, Jeddah, Saudi Arabia
5
Department of Basic Health Sciences, Faculty of Pharmacy, Northern Border University, Arar, Saudi Arabia
6
Department of Public Health, Ministry of Health, Jazan, Saudi Arabia
7
Department of Medical Laboratory Technology, Faculty of Applied Medical Sciences, King Abdulaziz University, Jeddah, Saudi Arabia
Correspondence should be addressed to Ahmed A. Abdulhaq; alhaq444@gmail.com
Received 26 October 2016; Revised 12 January 2017; Accepted 7 February 2017; Published 27 February 2017
Academic Editor: George N. Pavlakis
Copyright © 2017 Ahmed A. Abdulhaq et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.
We undertook enhanced surveillance of those presenting with respiratory symptoms at five healthcare centers by testing all
symptomatic outpatients between November 2013 and January 2014 (winter time). Nasal swabs were collected from 182 patients
and screened for MERS-CoV as well as other respiratory viruses using RT-PCR and multiplex microarray. A total of 75 (41.2%) of
these patients had positive viral infection. MERS-CoV was not detected in any of the samples. Human rhinovirus (hRV) was the
most detected pathogen (40.9%) followed by non-MERS-CoV human coronaviruses (19.3%), influenza (Flu) viruses (15.9%), and
human respiratory syncytial virus (hRSV) (13.6%). Viruses differed markedly depending on age in which hRV, Flu A, and hCoVOC43 were more prevalent in adults and RSV, hCoV-HKU1, and hCoV-NL63 were mostly restricted to children under the age of 15.
Moreover, coinfection was not uncommon in this study, in which 17.3% of the infected patients had dual infections due to several
combinations of viruses. Dual infections decreased with age and completely disappeared in people older than 45 years. Our study
confirms that MERS-CoV is not common in the southwestern region of Saudi Arabia and shows high diversity and prevalence of
other common respiratory viruses. This study also highlights the importance and contribution of enhanced surveillance systems
for better infection control.

1. Introduction
Acute respiratory tract infections (ARTIs) represent a major
and global cause of morbidity and mortality amongst people
of all ages. Millions of children under the age of 5 die annually
due to respiratory infections [1, 2]. While respiratory viruses
represent a major cause of ARTIs, their prevalence and transmission are often influenced by several geographic, demographic, and environmental factors [3]. Moreover, the lack of

easy and cheap diagnostic methods, the nonspecific symptoms, the large number of associated viruses, and the possibility of mixed infections usually hinder the timely and accurate
identification of causative viral agents. Nonetheless, the most
commonly detected human respiratory viruses are human
respiratory syncytial virus (hRSV), influenza viruses (Flu),
human rhinovirus (hRV), enterovirus (EV), human coronavirus (hCoV), human parainfluenza viruses (hPIV), human
adenoviruses (hAdv), and human metapneumoviruses

2
(hMPV) [4]. Several other emerging respiratory viruses
such as the Middle East respiratory syndrome coronavirus
(MERS-CoV) and avian influenza viruses (H5N1and H7N9)
have also been reported in several other parts of the world.
In Saudi Arabia, more than 5 million cases of ARTIs are
being reported annually [5] but their etiology remains largely
uncharacterized due to several reasons. First, most previous
studies have mainly focused on the annual Hajj pilgrimage
[6–9] which might not accurately reflect locally circulating
viral species. Second, while several other studies have investigated viral prevalence in ARTIs within Saudi Arabia, most
of these reports have focused on specific viral pathogens [10–
13]. Third, except for the city of Riyadh, the capital of Saudi
Arabia [5, 11, 13–15], there is a very limited number of reports
from other regions of the country [12, 16, 17].
Furthermore, the recent emergence of MERS-CoV in
Saudi Arabia, its continued spread, and the associated high
mortality rates (35–40%) clearly represent a serious public
health and economic concern locally and globally [18].
MERS-CoV is a lineage C betacoronavirus (betaCoVs) [19]
which causes symptoms ranging from asymptomatic or
mild upper respiratory tract infection to severe infections
associated with acute pneumonia and occasional systemic
infection and multiorgan failure [20]. It was first reported in
Saudi Arabia in 2012 [21] and later from 26 countries in the
Arabian Peninsula, Africa, Europe, Asia, and North America
[22]. Almost all reported MERS-CoV cases were linked to
the Arabian Peninsula. Frequent sporadic cases of MERSCoV and multiple hospital outbreaks have been reported in
several cities in Saudi Arabia including Alahsa, Taif, Jeddah,
and Riyadh [23, 24].
Jazan province is located in the southwestern part of Saudi
Arabia just north of Yemen. It is the second smallest and
the most densely populated province in Saudi Arabia with
density of ∼132/km2 [25]. So far, there is barley any report
on the prevalence of respiratory viruses in this region of the
country. Furthermore, while several MERS-CoV surveillance
studies have been conducted in several parts of Saudi Arabia,
only few reports have examined the seroprevalence of MERSCoV in Jazan province and found no serological evidence of
MERS-CoV circulation in this region [26, 27]. These data are
consistent with the overall prevalence pattern of MERS-CoV
in Saudi Arabia especially that only one single MERS case has
been reported from this province since 2012 [28]. Therefore,
we undertook enhanced surveillance of those presenting with
respiratory symptoms at five healthcare centers by testing
all symptomatic outpatients between November 2013 and
January 2014 (winter time) in southwestern region of Saudi
Arabia.

2. Material and Methods
2.1. Samples. A total of 182 samples were collected from five
healthcare centers in Jazan province, Saudi Arabia, between
November 2013 and January 2014 (winter time). Nasopharyngeal swabs were collected from all symptomatic outpatients at
all ages who presented with symptoms of ARTI to these five
healthcare centers. Swabs were collected from 131 male and
51 female patients. All swabs were collected in virus transport
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media, stored at −80∘ C, and transported for processing at the
Special Infectious Agents Unit, King Fahd Medical Research
Center, King Abdulaziz University, Jeddah, Saudi Arabia.
Ethical approval was obtained from Jazan University Ethical
Committee (JUEC). All clinical information and laboratory
results were collected and informed consent was obtained
from all adult patients and parents of children.
2.2. RNA Extraction and cDNA Synthesis. In order to control
for RNA extraction, samples were thawed on ice and 2 𝜇l of
armored RNA (aRNA) of hepatitis C virus (genotype 1a) was
added to 200 𝜇l of each sample as an internal control. RNA
extraction was then carried out using QIAamp Viral RNA
mini kit (Qiagen, Germany) according to manufacturer’s
instructions with final elution volume of 40 𝜇l, and extracted
RNA was stored at −80∘ C until use. Viral RNA was then
reverse-transcribed using SuperScript III First-Strand Synthesis SuperMix kit (Invitrogen, USA). The reaction mixture
consisted of 1 𝜇l of random primers, 1 𝜇l annealing buffer, and
6 𝜇l of extracted RNA containing aRNA in a total volume of
8 𝜇l. The mixture was incubated at 70∘ C for 5 min, and then
the PCR block was cooled to 4∘ C. After that, 10 𝜇l of 2x firststrand reaction buffer and 2 𝜇l of enzyme mix were added to
the mixture and incubated at 25∘ C for 5 min and then at 50∘ C
for 50 min. Reaction mixture was then incubated at 85∘ C for
5 min to inactivate enzymes and cDNA was stored at −80∘ C
until use. All samples were tested with Infiniti RVP plus
assay on Infiniti Plus analyzer which identifies the following
respiratory viruses: Influenza A virus (FluA), Influenza B
virus (FluB), Influenza A-Swine H1N1 virus, hPIV (1, 2, 3, and
4), hRV (A and B), EV (A, B, C, and D), hCoV (HKU1, OC43,
NL63, and 229E), hMPV (A and B), hRSV (A and B), and
hAdv (A, B, C, and D) with 90% sensitivity and 100 specificity
according to manufacturer (AutoGenomics, USA).
2.3. RVP Plus Infiniti Microarray Assay. Generated cDNA
was PCR amplified in a multiplex reaction by adding 9.9 𝜇l
of ready to use amplification mixture containing dNTPs,
multiplex primers mix, MgCl2 and reaction buffer (AutoGenomics, USA), 0.1 𝜇l of platinum Taq polymerase (Invitrogen,
USA), and 10 𝜇l of cDNA. Cycling conditions were performed
as follows; one cycle at 94∘ C for 2 min, followed by 39 cycles
consisting of denaturation at 94∘ C for 30 sec, annealing at
55∘ C, and extension at 72∘ C for 1 min. Reaction was ended
with a final extension at 72∘ C for 3 min followed by hold at
4∘ C. PCR products were then cleaned up from remaining
dNTPs and PCR primers by adding 3 𝜇l of Shrimp Alkaline
Phosphatase (SAP), 0.75 𝜇l of Exonuclease I (EXO) (GE
Life Sciences, USA), and 0.5 𝜇l of titanium Taq polymerase
(Invitrogen, USA) to each PCR product, and the mixture
was incubated for 30 min at 37∘ C, followed by 10 min at 94∘ C
and a final hold at 4∘ C. All samples were then loaded in the
Infiniti Plus analyzer for testing with RVP plus assay (AutoGenomics, USA) according to manufacturer’s instructions.
Briefly, samples were subjected to primer extension reaction
using detection primers (AutoGenomics, USA) and fluorescent labeling with fluorescent nucleotides of the amplified
product, followed by hybridization of the tagged amplified
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products to corresponding probes on the DNA microarray
chips. Chips were then washed, scanned, and signals were
recorded and analyzed. Specimen was considered positive
when the ratio between virus signal and background signal
was above threshold calculated by the manufacturer’s software.
2.4. MERS-CoV RT-PCR. Extracted RNA from all samples
was subjected to MERS-CoV upstream E-gene (UpE) detection using real-time RT-PCR on LightCycler 2.0 (Roche,
Germany) as previously described [29] in a final volume
of 20 𝜇l. Negative (no-template control (NTC)) and positive
controls were always included.
2.5. Statistical Methods. Data were statistically analyzed
using the Statistical Package for Social Science software
(SPSS v20.0; IBM Crop, Armonk, NY, USA). Descriptive
statistics for continuous variables were compared using the
nonparametric Mann–Whitney 𝑈 test or the Kruskal-Wallis
test. For categorical variables, the 𝜒2 test, the Fisher exact test,
or the 𝑍 test was applied to evaluate the difference between
proportions or to assess whether there were any associations
between the proportions. A two-tailed probability value 𝑝 <
0.05 was considered statistically significant. Values were
expressed as mean or standard deviation and percentages
wherever necessary.

3. Results
3.1. Epidemiological Data. Of the samples tested, 41.2%
(75/182) were positive for one or more viruses (Table 1)
including 72% (54/75) males and 28% (21/75) females. Saudis
accounted for 84% (63/75) whereas non-Saudis represented
16% (12/75) of all the positive cases. Prevalence of positive samples was similar regardless of gender or ethnicity.
Specifically, detection rates were 41.2% (54/131) and 41.1%
(21/51) amongst all males and female patients, respectively,
and 40.7% (63/155) and 44.44% (12/27) in Saudis and nonSaudis, respectively. Similarly, smoking seems to have no
significant effect on the detection of respiratory viruses as
rates were 39.4% (13/33) and 41.61% (62/149) in smokers and
nonsmokers, respectively. As shown in Table 1, presentation
to healthcare centers and detection rate of respiratory viruses
gradually decreased with age. Respiratory viruses were more
commonly detected in individuals under the age of 15 years
who represented 34.7% (26/75) of the infected patients.
Nonetheless, viral detection rate was 61.9% (13/21) in patients
who aged 35–44 and presented to healthcare centers. This
was followed by those who were older than 44 (45.45%,
5/11) and individuals under the age of 15 (41.94%, 26/62),
indicating that presentation to healthcare facilities by older
adults, compared to children under the age of 15 years, is usually associated with actual infections. Interestingly, marked
differences in detection rates were observed between the
different healthcare centers within the region. As shown in
Table 1, viruses were more commonly detected in healthcare
center 3 (48%, 36/75) and healthcare center number 4 (29.3%,
22/75) compared to the remaining 3 centers.
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Table 1: Summary of demography characteristics of patients
with upper respiratory tract infection in the community in Jazan
province, Saudi Arabia.
Variable
Total number
Gender
Male
Female
Nationality
Saudi
Non-Saudi
Smoking
Yes
No
Age group (years)
<15
15–24
25–34
35–44
>45
Healthcare center¶
Center 1
Center 2
Center 3
Center 4
Center 5

Infected
Number (%)

All subjects
Number (%)

75 (41.2)

182 (100)

54 (72.0)
21 (28.0)

131 (72.0)
51 (28.0)

63 (84.0)
12 (16.0)

155 (85.2)
27 (14.8)

13 (17.3)
62 (82.7)

33 (18.1)
149 (81.9)

26 (34.7)
16 (21.3)
15 (20.0)
13 (17.3)
5 (6.7)

62 (34.1)
48 (26.4)
40 (22.0)
21 (11.5)
11 (6.0)

2 (2.7)
10 (13.3)
36 (48.0)
22 (29.3)
5 (6.7)

2 (1.1)
19 (10.4)
68 (37.4)
87 (47.8)
6 (3.3)

¶

Center 1 (Al Rowdah District, North), Center 2 (Al Rowdah District, South),
Center 3 (Area 5), Center 4 (Al Safa District), and Center 5 (Al Shatea
District).

3.2. Viral Prevalence and Clinical Profile. All the samples
collected in this study were first tested for MERS-CoV by RTPCR. Consistent with the current prevalence and circulation
pattern of MERS-CoV in Saudi Arabia, all samples were
deemed negative for MERS-CoV, suggesting that there is a
lack of nasal carriage of MERS-CoV in the southwest region
of Saudi Arabia. Next, all samples were tested for a variety of
respiratory viruses using Infiniti RVP plus microarray assay.
As shown in Table 2, out of the 75 infected patients, 62 (82.7%)
were infected with a single respiratory virus. On the other
hand, 17.3% (13/75) had coinfections with two respiratory
viruses.
The most frequently detected viruses were hRV (40.9%,
36/88), hCoV-OC43 (15.9%, 14/88), FluA (13.6%, 12/88),
hRSV-B (10.2%, 9/88), and hAdv (5.7%, 5/88). The most
frequent coinfecting virus was hRV which was detected in 7
out of the 13 coinfected patients representing 26.9% (7/26) of
the coinfected viruses (Table 2). This was followed by hCoVOC43 (19.2%, 5/26), FluA (19.2%, 5/26), hAdv (15.4%, 4/26),
hRSV-A (7.7%, 2/26), hRSV-B (7.7%, 2/26), and EV (3.9%,
1/26). Human RV was most commonly detected with hAdv
(4/7) which was the most common coinfection (30.8%, 4/13)
followed by hCoV-OC43 and FluA coinfection (23.1%, 3/13).
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Table 2: Viruses identified in patients with upper respiratory tract
infection.
Viruses

Single infections
(𝑛 = 62)
Number (%)

hRV
hCoV-OC43
hCoV-HKU1
hCoV-NL63
hRSV-A
hRSV-B
FluA
FluB
EV
hAdv
hMPVA

29 (46.8)
9 (14.5)
2 (3.2)
1 (1.6)
1 (1.6)
7 (11.3)
7 (11.3)
2 (3.2)
2 (3.2)
1 (1.6)
1 (1.6)

Coinfections All infections
(𝑛 = 26)¶
(𝑛 = 88)$
Number (%) Number (%)
7 (26.9)
5 (19.2)
0
0
2 (7.7)
2 (7.7)
5 (19.2)
0 (0.0)
1 (3.9)
4 (15.4)
0

36 (40.9)
14 (15.9)
2 (2.3)
1 (1.1)
3 (3.4)
9 (10.2)
12 (13.6)
2 (2.3)
3 (3.4)
5 (5.7)
1 (1.1)

¶

Coinfections include all viruses detected from the 13 coinfected patients (2
× 13).
$
Includes viruses detected in single infections (62) and in coinfections (26).

The remaining 6 coinfections were detected once and were
due to unique combination of respiratory viruses (Table 3).
Human RV was the only virus that was detected in all
age groups and most commonly in the age group of 25–
34 compared to younger or older individuals (Table 3).
Interestingly, while male patients had more coinfections than
females, detection of more than one virus decreased with age
and completely disappeared in people older than 45 years
regardless of gender (Table 3).
When comparing the overall clinical symptoms of
infected and noninfected patients (Table 4), we found a
significant association between the positive detection of viral
infections and presentations of runny nose (𝑝 = 0.014),
wheezing (𝑝 = 0.007), or lethargy (𝑝 = 0.035) to healthcare
facilities. While the small number of patients limited our ability to examine the association between each viral infection
and clinical symptoms, we observed a significant association
between nasal congestion and single infections (𝑝 = 0.0163)
compared to dual infections (Table 5).

4. Discussion
In the present study, we screened clinical samples collected
from 182 symptomatic patients that presented with suspected
ARTIs in the southwestern province of Saudi Arabia not
only for MERS-CoV but also for other respiratory viruses.
While several respiratory viruses were detected in 41.2% of
the patients, we could not detect any evidence of MERS-CoV
in the study population which is in accordance with previous
reports from the region [26, 27]. Noteworthy, Alagaili and
colleagues studied geographical circulation of MERS-CoV
in dromedary camels in the Kingdom of Saudi Arabia in
2013 and did not find any evidence of MERS-CoV in Jazan
province [30].
Interestingly, viral prevalence was almost similar in children under the age of 15 years and individuals older than 15

years. Specifically, 26 out of 62 children (41.9%) tested positive
for one or more viruses. Similarly, 40.1% of all adults who
are older than 15 years were infected. The rate of infection in
children in our study is lower than previously reported rate
in Riyadh (∼61%) [13] or in Najran province in the southern
region of Saudi Arabia (>74%) [17] (Figure 1). However, this
difference is expected as both of these previous studies have
mainly focused on hospitalized children ≤5 years of age.
In contrast, we screened outpatients in primary healthcare
settings and used a wider age range which is also consistent
with the decrease in detection of respiratory viruses with
increasing age (Table 1). Nonetheless, children in our study
represented the largest proportion (34.7%) of all infected
patients compared to other age groups.
Human RV accounted for more than 40.9% of the
pathogens identified, followed by non-MERS-CoV human
coronaviruses (19.3%), Flu viruses (15.9%), and hRSV (13.6%).
On the other hand, detection of other respiratory viruses
(hAdv, EV, and hMPVA) comprised 10.2% of all identified
viruses. While hRV, Flu A, and hCoV-OC43 were more
prevalent in adults older than 15 years, they were detectable
in patients from most age groups. In contrast, RSV, hCoVHKU1, and hCoV-NL63 were mostly restricted to children.
Our data clearly suggest that hRV is an important cause of
ARTIs in addition to Flu A and hCoV-OC43 during winter
season. The overall prevalence of respiratory viruses in this
study is in accordance with previous reports of respiratory
viruses in children [5, 13, 17] and adults [9, 31] from Saudi
Arabia. However, our data showed lower levels of RSV and
hMPVA in children compared to studies from Yemen which
is in very close proximity to Jazan province [32, 33]. While
further studies are clearly required, these differences could
be due to the additional risk factors in Yemen especially in
children [32, 33].
Coinfection was not uncommon in this study, in which
17.3% of the infected patients had dual infection consistent
with a recent study from Turkey [34]. However, it is higher
than previously reported rates in children from Saudi Arabia
[5, 17] most likely due to the methodological differences
between the studies. The most common coinfecting virus was
hRV (7/13) and it was detected with most viruses including hAdv, FluA, hRSV, and hCoV-OC43. Other frequently
coinfecting viruses were FluA, hCoV-OC43, hRSV, and hAdv.
Notably, hCoV-OC43 was the only coinfecting coronaviruses
amongst the other non-MERS-CoV coronaviruses. Interestingly, hAdv was more frequently detected in coinfections
(4 times) compared to single infections (one time), and all
these coinfections were with hRV only. Furthermore, dual
infections were more common in children and young adults
between 15 and 24 years compared to other age groups. While
viral coinfections are very frequent in hospitalized children
with ARTIs, the impact of such infections in outpatients
is not clear especially that several studies concluded that
coinfections may or may not contribute to increased disease
severity and the risk for hospitalization [35–38]. Nonetheless,
more studies are required to better understand the clinical
impact of coinfections.
Interestingly, the detection of respiratory viruses varied
significantly between regions in our study. Two centers (3
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Table 3: Demographic data of patients with upper respiratory tract infection by pathogen.
Infecting viruses
Total number
hRV
hCoV-OC43
hCoV-HKU1
hCoV-NL63
hRSV-A
hRSV-B
FluA
FluB
EV
hAdv
hMPVA
hRV + FluA
hAdv + hRV
hCoV-OC43 + FluA
hRV + hRSV-A
hRSV-A + hRSV-B
hCoV-OC43 + hRSV-B
FluA + EV
hCoV-OC43 + hRV

Number of patients
75
29
9
2
1
1
7
7
2
2
1
1
1
4
3
1
1
1
1
1

<15
26 (34.7)
5 (19.2)
3 (11.5)
1 (3.8)
1 (3.8)
0
5 (19.2)
2 (7.7)
1 (3.8)
2 (7.7)
0
0
0
2 (7.7)
1 (3.8)
1 (3.8)
1 (3.8)
0
1 (3.8)
0

Age (years)
Number (%)
15–24
25–34
16 (21.3)
15 (20.0)
6 (37.5)
9 (60.0)
1 (6.3)
1 (6.66)
0
0
0
0
1 (6.3)
0
2 (12.5)
0
1 (6.3)
2 (13.33)
0
1 (6.66)
0
0
1 (6.3)
0
0
1 (6.66)
1 (6.3)
0
1 (6.3)
1 (6.66)
1 (6.3)
0
0
0
0
0
1 (6.3)
0
0
0
0
0

35–44
13 (17.3)
5 (38.5)
4 (30.8)
0
0
0
0
2 (15.4)
0
0
0
0
0
0
1 (7.7)
0
0
0
0
1 (7.7)

>45
5 (6.7)
4 (80.0)
0
1 (20.0)
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Gender
Number (%)
Male
Female
54 (72.0)
21 (28.0)
24 (82.8)
5 (17.2)
7 (77.8)
2 (22.2)
0
2 (100)
1 (100)
0
1 (100)
0
4 (57.1)
3 (42.9)
5 (71.4)
2 (28.6)
1 (50)
1 (50)
1 (50)
1 (50)
1 (100)
0
1 (100)
0
1 (100)
0
2 (50)
2 (50)
3 (100)
0
1 (100)
0
0
1 (100)
1 (100)
0
0
1
0
1

Figure 1: Map of Saudi Arabia showing the administrative provinces. Jazan province (red) is in the southwestern region of the country and
north of Yemen.
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Table 4: Clinical symptoms in infected and noninfected patients.
Clinical
symptoms
Fever
Cough
Runny nose
Wheezing
Headache
Sore throat
Difficult breathing
Lethargy
Nausea
Nasal congestion
Earache
∗

Number (%)

Non-infected
(𝑛 = 107)
Number (%)

54 (72)
68 (90.7)
67 (89.3)∗
17 (22.7)∗
36 (48.0)
62 (82.7)
8 (10.7)
30 (40.0)∗
10 (13.3)
59 (78.6)
7 (9.3)

65 (60.7)
96 (89.7)
80 (74.8)
9 (8.4)
38 (35.5)
88 (82.2)
11 (10.3)
27 (25.2)
10 (9.3)
72 (67.3)
12 (11.2)

Infected (𝑛 = 75)

Significant 𝑝 value < 0.05.
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Table 5: Clinical symptoms in patients with single infections and
coinfections.
Clinical symptoms

Single infection
(𝑛 = 62)
Number (%)

Coinfection
(𝑛 = 13)
Number (%)

Fever
Cough
Runny nose
Wheezing
Headache
Sore throat
Difficult breathing
Lethargy
Nausea
Nasal congestion
Earache

43 (69.4)
55 (88.7)
56 (90.3)
13 (21)
29 (46.8)
51 (82.3)
5 (8.1)
25 (40.3)
8 (12.9)
52 (83.9)∗
4 (6.5)

11 (84.6)
13 (100)
11 (84.6)
4 (30.8)
7 (53.8)
11 (84.6)
3 (23.1)
5 (38.5)
2 (15.4)
7 (53.8)
3 (23.1)

∗

In conclusion, our data shows that circulating viruses
in the southwestern province of Saudi Arabia are highly
diverse and hRV represent a major pathogen in all age groups
during winter season. Furthermore, it shows that MERS-CoV
is infrequent in this region of Saudi Arabia compared to
other regions most probably due to the limited number of
dromedary camels, the reservoir host for MERS-CoV, and
consequently their direct contact. Finally, use of multiplex
assays such as the one used herein could help in the determination of the spectrum and diversity of respiratory viruses
and in the implementation of effective control measures by
public health authorities. This work shows the importance of
enhanced surveillance in understanding the epidemiology of
respiratory infections and therefore applying the appropriate
control measures.

Significant 𝑝 value < 0.05.

and 4) provided more than 77% of the positive cases in
the current study, suggesting that these centers may serve
a large community in the region compared to the other
3 centers and thus they could represent suitable sentinels
for future surveillance studies. The similarity in clinical
symptoms and manifestations of patients infected not only by
respiratory viruses but also by some bacterial agents represent
a hurdle in diagnosis based on clinical presentation. Although
we observed some association between viral infection and
some clinical symptoms such as running nose, lethargy, and
wheezing, the overall array of symptoms were not specific
most probably due to the small size of samples in this study.
Other limitations in our study included the short studied
period (winter season) and focusing of viral agents only.
Nonetheless, the rapid advancements in molecular diagnostic
methods such as microarray or multiplex PCR should aid in
the epidemiological characterization of circulating viruses.

Acknowledgments
This study was funded Deanship of Scientific Affairs and
Research, Jazan University, Jazan, Saudi Arabia (Grant
3475-36). The authors thank Dr. Mohammed Abdulhaleem
Ahmed, Dr. Mohammed Saad Oraby, Dr. Maysa Saad
Nadeem, Dr. Waad Hassaneen, and Dr. Shymaa Alsaid from
different healthcare centers, Jazan Province, for helping in the
collection of samples.

References
[1] A. M. Kesson, “Respiratory virus infections,” Paediatric Respiratory Reviews, vol. 8, no. 3, pp. 240–248, 2007.
[2] R. E. Black, S. Cousens, H. L. Johnson et al., “Global, regional,
and national causes of child mortality in 2008: a systematic
analysis,” The Lancet, vol. 375, no. 9730, pp. 1969–1987, 2010.
[3] C.-S. Khor, I.-C. Sam, P.-S. Hooi, K.-F. Quek, and Y.-F. Chan,
“Epidemiology and seasonality of respiratory viral infections in
hospitalized children in Kuala Lumpur, Malaysia: a retrospective study of 27 years,” BMC Pediatrics, vol. 12, article 32, 2012.
[4] F. Raymond, J. Carbonneau, N. Boucher et al., “Comparison
of automated microarray detection with real time PCR assay
for detection of respiratory viruses in specimens obtained from
children,” Journal of Clinical Microbiology, vol. 47, no. 3, pp. 743–
750, 2009.
[5] S. F. Fagbo, M. A. Garbati, R. Hasan et al., “Acute viral respiratory infections among children in MERS-endemic Riyadh,
Saudi Arabia, 2012-2013,” Journal of Medical Virology, vol. 89,
no. 2, pp. 195–201, 2017.
[6] S. M. El-Sheikh, S. M. El-Assouli, K. A. Mohammed, and
M. Albar, “Bacteria and viruses that cause respiratory tract
infections during the pilgrimage (Haj) season in Makkah, Saudi
Arabia,” Tropical Medicine and International Health, vol. 3, no.
3, pp. 205–209, 1998.
[7] H. H. Balkhy, Z. A. Memish, S. Bafaqeer, and M. A. Almuneef,
“Influenza a common viral infection among hajj pilgrims: time
for routine surveillance and vaccination,” Journal of Travel
Medicine, vol. 11, no. 2, pp. 82–86, 2004.

Advances in Virology
[8] Y. Mandourah, A. Al-Radi, A. H. Ocheltree, S. R. Ocheltree,
and R. A. Fowler, “Clinical and temporal patterns of severe
pneumonia causing critical illness during Hajj,” BMC Infectious
Diseases, vol. 12, article 117, 2012.
[9] O. Barasheed, H. Rashid, M. Alfelali et al., “Viral respiratory
infections among Hajj pilgrims in 2013,” Virologica Sinica, vol.
29, no. 6, pp. 364–371, 2014.
[10] F. N. Al-Majhdi, A. Al-Jarallah, M. Elaeed, A. Latif, L. Gissmann, and H. M. Amer, “Prevalence of respiratory syncytial
virus infection in Riyadh during the winter season 20072008 and different risk factors impact,” International Journal of
Virology, vol. 5, no. 4, pp. 154–163, 2009.
[11] S. Al Hajjar, S. Al Thawadi, A. Al Seraihi, S. Al Muhsen,
and H. Imambaccus, “Human metapneumovirus and human
coronavirus infection and pathogenicity in Saudi children
hospitalized with acute respiratory illness,” Annals of Saudi
Medicine, vol. 31, no. 5, pp. 523–527, 2011.
[12] A. S. Abdel-Moneim, M. M. Kamel, A. S. Al-Ghamdi, and M. I.
R. Al-Malky, “Detection of bocavirus in children suffering from
acute respiratory tract infections in Saudi Arabia,” PLoS ONE,
vol. 8, no. 1, Article ID e55500, 2013.
[13] H. M. Amer, M. S. Alshaman, M. A. Farrag, M. E. Hamad, M.
M. Alsaadi, and F. N. Almajhdi, “Epidemiology of 11 respiratory
RNA viruses in a cohort of hospitalized children in Riyadh,
Saudi Arabia,” Journal of Medical Virology, vol. 88, no. 6, pp.
1086–1091, 2016.
[14] S. Al-Hajjar, J. Akhter, S. Al Jumaah, and S. M. Hussain Qadri,
“Respiratory viruses in children attending a major referral
centre in Saudi Arabia,” Annals of Tropical Paediatrics, vol. 18,
no. 2, pp. 87–92, 1998.
[15] S. S. Ghazal, M. Al Howasi, and D. Chowdhury, “Acute
respiratory tract infections: epidemiological data, guided case
management and outcome in a pediatric hospital in Riyadh,”
Annals of Saudi Medicine, vol. 18, no. 1, pp. 75–78, 1998.
[16] M. A. Al-Shehri, A. Sadeq, and K. Quli, “Bronchiolitis in
Abha, Southwest Saudi Arabia: viral etiology and predictors for
hospital admission,” West African Journal of Medicine, vol. 24,
no. 4, pp. 299–304, 2005.
[17] M. S. Al-Ayed, A. M. Asaad, M. A. Qureshi, and M. S. Ameen,
“Viral etiology of respiratory infections in children in southwestern Saudi Arabia using multiplex reverse-transcriptase
polymerase chain reaction,” Saudi Medical Journal, vol. 35, no.
11, pp. 1348–1353, 2014.
[18] A. M. Al Shehri, “A lesson learned from Middle East respiratory
syndrome (MERS) in Saudi Arabia,” Medical Teacher, vol. 37,
supplement 1, pp. S88–S93, 2015.
[19] D. Forni, R. Cagliani, A. Mozzi et al., “Extensive positive
selection drives the evolution of nonstructural proteins in
lineage C betacoronaviruses,” Journal of Virology, vol. 90, no. 7,
pp. 3627–3639, 2016.
[20] A. Bermingham, M. A. Chand, C. S. Brown et al., “Severe
respiratory illness caused by a novel coronavirus, in a patient
transferred to the United Kingdom from the Middle East,
September 2012,” Euro Surveillance, vol. 17, no. 40, Article ID
20290, 2012.
[21] A. M. Zaki, S. Van Boheemen, T. M. Bestebroer, A. D. M.
E. Osterhaus, and R. A. M. Fouchier, “Isolation of a novel
coronavirus from a man with pneumonia in Saudi Arabia,” New
England Journal of Medicine, vol. 367, no. 19, pp. 1814–1820, 2012.
[22] A. Zumla, D. S. Hui, and S. Perlman, “Middle East respiratory
syndrome,” The Lancet, vol. 386, no. 9997, pp. 995–1007, 2015.

7
[23] A. Assiri, G. R. Abedi, A. A. Bin Saeed et al., “Multifacility
outbreak of middle east respiratory syndrome in Taif, saudi
Arabia,” Emerging Infectious Diseases, vol. 22, no. 1, pp. 32–40,
2016.
[24] H. M. Al-Dorzi, S. Alsolamy, and Y. M. Arabi, “Critically ill
patients with Middle East respiratory syndrome coronavirus
infection,” Critical Care, vol. 20, no. 1, article 65, 2016.
[25] General Authority for Statistics, https://www.stats.gov.sa/sites/
default/files/en-Census-Jizan-1425 1.pdf.
[26] Z. A. Memish, A. Alsahly, M. A. Masri et al., “Sparse evidence of
MERS-CoV infection among animal workers living in Southern
Saudi Arabia during 2012,” Influenza and other Respiratory
Viruses, vol. 9, no. 2, pp. 64–67, 2015.
[27] M. A. Müller, B. Meyer, V. M. Corman et al., “Presence of Middle
East respiratory syndrome coronavirus antibodies in Saudi
Arabia: A Nationwide, Cross-sectional, Serological Study,” The
Lancet Infectious Diseases, vol. 15, no. 5, pp. 559–564, 2015.
[28] WHO, “Middle East respiratory syndrome coronavirus (MERSCoV)—Saudi Arabia,” Disease Outbreak News, April 2016
http://www.who.int/csr/don/14-april-2016-mers-saudi-arabia/
en/.
[29] E. I. Azhar, A. M. Hashem, S. A. El-Kafrawy et al., “Detection of
the middle east respiratory syndrome coronavirus genome in an
air sample originating from a camel barn owned by an infected
patient,” mBio, vol. 5, no. 4, 2014.
[30] A. N. Alagaili, T. Briese, N. Mishra et al., “Middle east respiratory syndrome coronavirus infection in dromedary camels in
Saudi Arabia,” mBio, vol. 5, no. 2, Article ID e00884-14, 2014.
[31] Z. A. Memish, M. Almasri, A. Turkestani, A. M. Al-Shangiti,
and S. Yezli, “Etiology of severe community-acquired pneumonia during the 2013 Hajj-part of the MERS-CoV surveillance
program,” International Journal of Infectious Diseases, vol. 25,
pp. 186–190, 2014.
[32] N. Al-Sonboli, C. A. Hart, A. Al-Aeryani et al., “Respiratory
syncytial virus and human metapneumovirus in children with
acute respiratory infections in Yemen,” Pediatric Infectious
Disease Journal, vol. 24, no. 8, pp. 734–736, 2005.
[33] N. Al-Sonboli, C. A. Hart, N. Al-Aghbari, A. Al-Ansi, O. Ashoor,
and L. E. Cuevas, “Human metapneumovirus and respiratory
syncytial virus disease in children, Yemen,” Emerging Infectious
Diseases, vol. 12, no. 9, pp. 1437–1439, 2006.
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