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The emergence of the Middle East Respiratory
Syndrome (MERS) in Saudi Arabia has inten-
sified focus on Acute Respiratory Infections
[ARIs]. This study sought to identify respira-
tory viruses (RVs) associated with ARIs in
children presenting at a tertiary hospital. Chil-
dren (aged <13) presenting with ARI between
January 2012 and December 2013 tested for
15 RVs using the Seeplex® RV15 kit were
retrospectively included. Epidemiological data
was retrieved from patient records. Of the
2235 children tested, 61.5% were <1 year with
a male: female ratio of 3:2. Viruses were
detected in 1364 (61.02%) children, 233
(10.4%) having dual infections: these viruses
include respiratory syncytial virus (RSV)
(24%), human rhinovirus (hRV) (19.7%), ade-

novirus (5.7%), influenza virus (5.3%), and
parainfluenzavirus-3 (4.6%). Children, aged
9-11 months, were most infected (60.9%).

Lower respiratory tract infections (55.4%) were
significantly more than upper respiratory tract
infection (45.3%) (P<0.001). Seasonal varia-
tion of RV was directly and inversely propor-
tional to relative humidity and temperature,
respectively, for non MERS coronaviruses
(NL63, 229E, and OC43). The study confirms
community-acquired RV associated with ARI
in children and suggests modulating roles for
abiotic factors in RV epidemiology. However,
community-based studies are needed to eluci-
date how these factors locally influence RV
epidemiology. J. Med. Virol. 89:195-201,

2017. © 2016 Wiley Periodicals, Inc.
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INTRODUCTION

Acute respiratory illnesses (ARIs) remain a global
burden causing nearly 4 million deaths annually. In

©2016 WILEY PERIODICALS, INC.

developing countries, it is the primary cause of death
in children <5 years [Liu et al., 2012]. In Saudi
Arabia, over 5.4 million cases of ARI presented to
emergency departments in 2013 [Ministry of Health,
2015]. However, much remains unknown of the
proportion of these ARI aetiologically linked to respi-
ratory viruses. This situation is further complicated
by the emergence of the Middle East Respiratory
Syndrome Coronavirus (MERS CoV) in Saudi Arabia
in 2012 [Zaki et al., 2012]. The global threat posed by
MERS CoV had led to efforts disproportionately
focused on defining MERS-CoV burden while the
overall burden (denominator) of respiratory viruses
in the country remains largely uncharacterized. A
broadened understanding of respiratory viruses hav-
ing overlapping ecologies and transmission modes
should provide more modalities for integrated public
health intervention and prevention.

Previous studies on ARI in Saudi Arabia have
largely focused on local and foreign pilgrims visiting
Makkah and Madeenah during the annual Hayjj
pilgrimage [El-Sheikh et al., 1998; Balkhy et al.,
2004; Alborzi et al., 2009; Mandourah et al., 2012].
Respiratory infections constitute a recognized health
burden during hajj [Alzeer, 2009] with pneumonia in
pilgrims being a major reason for hospitalization
[Bukhari and Elhazmi, 2013]. During the 2013 Hayjj
season, almost 10% of documented deaths of pilgrims
was due to respiratory illnesses including pneumonia
[Ministry of Health, 2015]. As the overwhelming
majority of the pilgrims are adults and elderly,
children are virtually excluded from these studies.
Giving that foreign pilgrims originate from all over
the world, a major limitation with most of these Hajj-
centered studies is that they are not adequately
powered to accurately discriminate between imported
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and locally acquired respiratory viruses. In 2013,
almost 2 million pilgrims performed the hajj; of these,
70% were from outside the Kingdom [Ministry of
Health, 2015]. Additionally, these studies often
lacked seasonal or climatic data in their analyses.
There have been previous studies conducted on
children with ARI in the Kingdom; most of these
studies [al-Hajjar et al., 1998; Ghazal et al., 1998;
Akhter et al., 2009; Al Hajjar et al., 2011; Alanazi
et al., 2013; Amer et al., 2015] have been conducted
in Riyadh, the country’s capital. The city of Riyadh is
also part of the Riyadh province that reported a
population of 7.5 million in 2013 [Ministry of Health,
2015]. The few studies reported from elsewhere in
the Kingdom include those done in Abha, Taif, and
Najran [Al-Shehri et al., 2005; Abdel-Moneim et al.,
2013; Al-Ayed et al., 2014]. Although, most of these
studies have been plagued with small sample sizes,
one large sized study of children with ARI used a
qualitative direct immunofluorescence test [Alanazi
et al., 2013]; such tests are insensitive often giving
false negative results [Uyeki, 2003]. Serological as-
says have diagnostic limitations in the clinical man-
agement of children with ARI [Henrickson, 2004].
The requirement of convalescent phase sera to detect
a fourfold rise and thus confirm acute infections
makes it irrelevant in the management of acutely ill
children. However, it is a good tool in retrospective,
epidemiologic studies [Anderson et al., 1985; Falsey
et al., 2002]. Additionally, it has been shown that
infants with ARI due to respiratory syncytial virus
(RSV) usually lack detectable serologic responses
[Murphy et al., 1986; Hall et al., 1991]. Similarly, it
has been the insensitivity of colorimetric or immuno-
fluorescence based antigen assays for RSV, in com-
parison with molecular diagnostics, has been
reported [Falsey et al., 2002; Casiano-Colon et al.,
2003]. The advent of rapid and highly sensitive
multiplex molecular testing platforms overcome the
drawbacks of serology and antigenic tests while
permitting simultaneous detection of multiple respi-
ratory viruses. This platform was used to detect
respiratory viruses in children presenting with ARI
under climatic conditions prevailing in the Riyadh
province.

METHODS

The King Fahad Medial City (KFMC) is an ad-
vanced 1,200-bed tertiary health facility located in
Riyadh, in the central province of Saudi Arabia.
Typically, the country usually experiences high tem-
peratures and low precipitation. In Riyadh, average
winter temperatures dips as low as 8°C; average
summer temperatures peak in July at well over 40°C.
Rainfall often occur between January and May with
an annual rainfall of 100mm [UNFCCC, 2011].
Single respiratory samples (nasopharyngeal swab,
bronchoalveolar lavage, sputum, tracheal aspirate)
were collected from Children aged <13 years
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presenting to the emergency department with ARI
symptoms between January 2012 and December 2013
and extracted nucleic acids tested simultaneously for
15 viruses (adenovirus [ADV], enterovirus [hEV],
human bocavirus [hBoV], human coronaviruses OC43
and 229E/NL63, human rhinovirus [hRV], influenza
A and B viruses [IFLA & IFLB], parainfluenza
viruses [PIV]1-4, RSV A and B using Seeplex RV15
ACE multiplex respiratory viral assay (Seegene Inc.,
Seoul, South Korea) as previously described [Zhang
et al., 2012]. Extracted cDNAs were tested in a
3-tube reaction according to manufacturer’s protocol.
Primer set A in tubel was directed at 229E/NL63,
AdV and PIV1-3; primer set B in tube 2 OC43/HKU1,
hRV, RSV A and B, and IFLA; and contained primer
set C Tube-3 at hBoV, IFLB, hMPV, PIV4, and hEV.
A reaction mix consisting of 4l of each 5x RV15
multiplex primer sets (A, B, and C), 3 pl 8-methox-
ypsoralen (8-MOP) solution, 10 nl 2 x multiplex mas-
ter mix (Hotstart® Taq DNA polymerase and dNTPs
included), and 3pl cDNA template with a final
volume of 20 pl. Mixtures were subjected to a first
round of denaturing at 94°C for 15min and a second
round by 40 cycles at 94°C for 30sec. This was
followed by annealing at 60°C for 90sec and exten-
sion at 72°C for 90sec. Lastly, the mixtures were
extended at 72°C for 10min. Internal controls in-
cluded a mixture of all 15 virus clones (positive) and
ddH.0O (negative) [Roh et al 2008; Bruijnesteijn van
Coppenraet et al., 2010]. The end products were
visualized by electrophoresis on a 2% agarose gels
with ethidium bromide staining. The Seeplex RV15
has a limit of detection of 100 copies/10 pnl. Samples
positive for IAV were tested for HIN1 using a
commercial kit (artus” Infl/H1 LC/RG RT-PCR Kit;
Qiagen, Germany). Children with symptoms such as
runny nose, nasal or throat congestion, or itchiness of
the throat were described as having upper respira-
tory infections while those with productive cough,
shortness of breath, weakness, and fatigue were
classified as having lower respiratory infections.

Riyadh weather data (King Khalid Internat
ional Airport) was electronically retrieved from
https://weatherspark.com/history/32777/2012/Riyadh-
Saudi-Arabia. For statistical analysis, SPSS (version
22.0, SPSS Inc., Chicago, IL) was used. Specific
prevalence for positive cases have been derived from
total positive cases in the respective groups and the
one-to-one inferences have been drawn at 95% CI
using Chi-square analysis and Fisher’s exact tests as
appropriate. All tests were two-tailed and P <0.05
was considered statistically significant. The study
was approved by the KFMC institutional review
board (IRB).

RESULTS

A total of 2,235 children (mean age—19.6 months;
range 1 day to 13 years) were tested, 1374 (61.5%)
were <1 year with a male to female ratio of 3:2.


https://weatherspark.com/history/32777/2012/Riyadh-Saudi-Arabia
https://weatherspark.com/history/32777/2012/Riyadh-Saudi-Arabia
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TABLE I. Virus Detection Rate Per Age-Group, Respiratory Tract Site, and Diseases in Children With ARIs
(2012 and 2013)

Patients Total Positive (N/%) P-value
Female 931 (41.7) 567 (60.9) 0.917
Male 1304 (58.3) 797 (61.1)

Upper respiratory tract 1202 (53.8) 666 (55.4) <0.001
Lower respiratory tract 1033 (46.2) 698 (67.6)

0 month 288 (12.9) 157 (54.5) 0.015
1 month 208 (9.3) 126 (60.6) 0.888
2 months 202 (9.0) 140 (69.3) 0.011
3-5 months 336 (15.0) 219 (65.2) 0.091
6-8 months 207 (9.3) 134 (64.7) 0.251
9-11 months 133 (6.0) 100 (75.2) 0.001
1-5 years 673 (30.1) 396 (58.8) 0.164
6—12 years 188 (8.4) 92 (48.9) <0.001
Bronchiolitis and pneumonia 841 (37.6) 590 (70.2) <0.001

Nasopharyngeal samples represented 99% of samples
analyzed. Respiratory viruses were detected in 1364
(61%) children, significantly higher in children
(55.4%) with acute lower respiratory infection (ALRI)
than acute wupper respiratory infection (AURI)
(45.3%) (P <0.001). As shown in Table I, more than a
third of the children were diagnosed with bronchioli-
tis and pneumonia; of these, over 70% had respira-
tory viruses detected in their tested respiratory
specimens. As shown in Table II, reveal that RSVs
were the most detected viruses (23%); this was
followed by hRV found in almost 20% of positive
samples. Most respiratory viruses were detected in
children 9-11 months of age. More boys had RSV and
hEV infections. Single infections with RSV, hRV,
hMPV, ADV, and IFLB showed a significant associa-
tion with age group. Half of the children had single
infections, while multiple infections occurred in over
10%, mostly dual infections (233/1364; 10.4%). Co-
infections were significant amongst those aged 9-11
months (13.5%), 2 months (13.9%), and 6-8 months
(15.0%) (P<0.001). Co-infection rates were similar in
children with both ALRI and AURI: 11.5% and 9.5%

for dual infections, and 0.7% and 0.5% for triple
infections, respectively. Viral co-infections in ARI
cases were predominantly associated with, in de-
scending order, hBoV, hEV, and ADV (P <0.001)
(Fig. 1). More than one virus was detected in 18.1%
(247 out of 2235) of patients. Children with RSV and
hRV co-infection required more oxygen therapy and
longer length of stay than those RSV mono-infections.
The detection of co-infections with more than
two viruses was not significant. Children with ALRI
had significant infections with RSVs. Human corona-
viruses-229E/NL63 and OC43 were detected in <4%
of the children. A 45-day-old male infant had quadru-
ple infection with ADV, PIV3, hRV, and RSV. The
pandemic HIN1 virus was only detected in an 8-
month-old infant. Post MERS CoV emergence in late
2012, children were also screened, according to
prevailing Ministry of Health guidelines, for
MER-CoV infection in the regional Ministry of Health
lab: all were negative.

The frequency of detection of viruses is shown in
Figure 2, with RSV, hRV, and ADV being the most
common in descending order. Seasonal variation in

TABLE II. Respiratory Viruses Detected, According to Age Group Between 2012 and 2013

<lm,no 1-<2m, 2-<3m, 3-<6m, 6-<9m, 9—<12m, 1-<6y, 6-<13y,

Virus (%) no (%) no (%) no (%) no (%) no (%) no (%) no (%) Total  P-value
ADV 2 (0.7) 2 (1.0) 6(3.00 2883 19(9.2 10 (7.5) 53 (7.9) 737 127 (5.7 <0.001
hBoV 0 (0.0) 1 (0.5) 1 (0.5) 6 (1.8 7(3.4) 3 (2.3) 15 (2.2) 1 (0.5) 34 (1.5) 0.023
NL63/ 13 (4.5) 5(24) 115 11(3.3) 7(3.4) 7(5.3) 16 (2.4) 7 (3.7 77 (3.4) 0.35

229E/

0C43
hEV 3 (1.0) 4 (1.9 5(2.5) 4 (1.2) 1(0.5) 1(0.8) 17 (2.5) 1 (0.5) 36 (1.6) 0.234
IFLA 4(1.4) 3(1.4) 4(2.0) 11(3.3) 7 (3.4) 6 (4.5) 29 (4.3) 9 (4.8) 73 (3.3) 0.147
IFLB 2 (0.7 3 (1.4) 1 (0.5) 4 (1.2) 3(1.4) 2 (1.5) 20 (3.0) 10 (56.3) 45 (2) 0.005
hMPV 6 (2.1) 2(1.0)0 10(.00 17(.1) 13(6.3) 10 (7.5) 32 (4.8) 4 (2.1 94 (4.2) 0.012
PIV1 0 (0.0) 3 (1.4) 3 (1.5) 5(1.5) 3(1.4) 5 (3.8 16 (2.4) 2 (1.1) 37 (1.7) 0.129
PIV2 1(0.3) 0 (0.0 2 (1.0) 5 (1.5) 1 (0.5) 2 (1.5) 9 (1.3) 7 (3.7 27 (1.2) 0.028
PIV3 8128 11 (5.3) 11 (5.4) 18 (5.4) 9 (4.3) 3 (2.3) 37 (5.5) 6 (3.2) 103 (4.6) 0.435
PIV4 5 (1.7) 0 (0.0 3 (1.5) 1(0.3) 2 (1.0) 2 (1.5) 5(0.7) 2 (1.1 20 (0.9) 0.416
hRV 50 (17.4) 44 (21.2) 61(30.2) 63(18.8) 44(21.3) 30(22.6) 116 (17.2) 32(17.0) 440 (19.7) 0.006
RSV A 55 (19.1) 51 (24.5) 46(22.8) 74(22.0) 36(17.4) 25(18.8) 83(12.3) 11(5.9) 381(17)  <0.001
RSV B 29 (10.1) 14 (6.7 9 (4.5) 15 (4.5) 13 (6.3) 14 (10.5) 35 (5.2) 2 (1.1 131 (5.9) <0.001

m, month; y, year.
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Rate of Co-infection in Detected Respiratory Viruses
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Fig. 1. Co-infection pattern in respiratory viruses detected in
children tested.

the detection of respiratory viruses was observed. For
both years, the detection rates of hRV, RSVs, and
hMPV were lowest in June, July, and August
(Fig. 3A). For hRV, increase in detection began in
September for both years. As shown in Figure 3B, of
the two RSV genotypes, RSV A was more frequently
detected throughout the 2 year study period with
both peaking during the winter months of December
and January. No temporal genotype shift in RSV
detection pattern was recorded. Though hMPV detec-
tion was low (4.2%; 94/2235) when compared to RSVs
and hRV, it was mostly detected between January
and March. July, the hottest month during the study
period [average temperature of 44°C and 43°C for
2012 and 2013, respectively; Fig. 4B], recorded the
least incidence for most respiratory viruses. June, the
least humid month in 2012 and 2013 (Fig. 4A), was
the period when RSV and hRV were least detected
(Fig. 1). Cumulatively, respiratory virus detection
was highest in December 2013 and lowest in
June 2012 (Fig. 4A and B).
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DISCUSSION

This large study population determined the burden
of respiratory viruses associated with ARI in children
over a 2-year period a multiplex molecular testing
platform. With over 60% of 2235 children testing
positive for respiratory viruses, more infections were
detected than previous studies [Akhter et al., 2009; Al
Hajjar et al., 2011; Alanazi et al., 2013; Bukhari and
Elhazmi, 2013]. Researchers from a similarly large
tertiary care facility based in Riyadh undertook a year-
long (between 2006 and 2007) study of 10,617 children;
using direct antigen testing and shell vial assay as
testing platforms, they found respiratory viruses in
only 8.3% [Akhter et al., 2009] of them. Most (88%,
733/883) of these children has RSV infection. This high
rate was significantly different from that obtained in
the present 2-year study (23% detection for RSV in
children positive for respiratory viruses), as well as
others [Alanazi et al., 2013; Amer et al., 2015].
Similarly, higher detection rates were observed for
influenza and parainfluenza viruses when compared to
the results from this this study. It was observed that
the 4.2% hMPV detection rate in the present study
was lower than the 8.3% rate obtained from another
study earlier conducted in a similar tertiary health
care facility in Riyadh [Al Hajjar et al., 2011].
Although, the earlier study used a lesser advanced
version of the Seeplex kit, the seemingly increased
rate may be due to most of the children tested in the
earlier study being immunocompromised.

Given its effectiveness as demonstrated in this
study, multiplex testing platforms such as the Seep-
lex RV15 ACE can be modified to include MERS-CoV
consensus probes. Consequently, the augmented abil-
ity to simultaneously test a single specimen for
MERS-CoV and other endemic respiratory viruses
should diagnostic turnaround time and optimize
utilization of limited specimen volume scenarios as

Rhv
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Fig. 2. Frequency of detection of respiratory viruses detected in children tested.
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Temporal detection of Selected RVs, 2012-2013
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Fig. 3. A: Seasonal variation of hRV, RSV, and hMPV viruses. B: Pattern of RSV A and B

detection.

may be envisaged in pediatric settings. Analyzing
limited specimens using monoplex assays may not
only preclude detection of untested respiratory vi-
ruses, aetiologically unresolved ARI quagmires will
abound. Additionally, such modified platforms have
the potential to elicit more epidemiological data on
respiratory viruses including MERS-CoV. In the
backdrop of the incessant multidirectional human
traffic of residents between countries within the
Arabian peninsula and as more recently demon-
strated by MERS-CoV transmission events, it may

90

not be impossible that the epidemiology of respiratory
viruses in these countries are somewhat inter-re-
lated. More detailed research will, however, be
needed to elucidate this. Comparatively, a study from
neighboring Oman reported ADV being the second
most detected virus in children with ARI, aged 5 years
or younger [Khamis et al., 2012]; in the present
Riyadh study, ADV infections was associated with
age groups 6—8 months, 3-5 months, 1-5 years, and
9-11 months in a decreasing order. Extending the
findings of previous studies that linked seasonal
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Fig. 4. Temporal correlation of respiratory virus detection with weather station documented
average humidity (A) and temperature, (B) 2012—2013.
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patterns of ARI in children with fewer detection rates
of respiratory viruses [Alanazi et al., 2013; Bukhari
and Elhazmi, 2013] or none [Ghazal et al., 1998], this
study seasonally correlated the large RV detection
rate which showed an inverse and direct relationship
with average temperature and humidity, respectively
(Fig. 2). However, the depicted graphical correlation
was obtained while analyzing our data with exter-
nally acquired meteorological data.

This study has limitations. Firstly, its retrospective
design may not permit capture of all ARI presenting to
the facility. Secondly, the results obtained may not
represent the true burden of ARI due to respiratory
viruses in children in the community, a limitation
shared by other studies. Usually, most mild cases of
respiratory viral infections are unlikely to seek care at
health care facilities with some patients engaging in
self-medication. Consequently, these cases remain un-
captured by hospital-based studies or surveillance
systems. To address this limitation, community based
respiratory virus epidemiologic studies are suggested.
Though such studies are presently lacking in Saudi
Arabia, similar work done elsewhere [Lambert et al.,
2008b; van der Zalm et al., 2011; Chu et al., 2013;
Alsaleh et al., 2014] have yielded valuable epidemiolog-
ical data. In Australia, workers using community
centered studies have shown the strong association
between child care attendance and the detection of
human metapneumovirus and human coronavirus
NL63 in children [Lambert et al., 2007]. They also
documented evidence of significant economic impact of
ARI managed outside health care settings on families;
such costs were greater in healthy preschool aged
children with influenza infection than those infected
with RSV and other respiratory viruses [Lambert
et al., 2008a] . In the Netherlands, researchers showed
that respiratory viruses regularly occur in asymptom-
atic children sampled in the community [van der Zalm
et al.,, 2009]. By including appropriate temporal and
climatic data, such studies will further elucidate the
transmission dynamics of respiratory viruses in chil-
dren in community settings in Riyadh. Additionally, it
is possible that the results of such studies may provide
collateral data to help understand possible community
transmission of MERS CoV suggested in a recent study
[Faghbo et al., 2015].
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