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Background: Studies on the etiology of respiratory infections among children in Qatar and surrounding
countries are limited.
Objectives: To describe the prevalence and seasonality of RSV, influenza, and other respiratory pathogens
among children in Qatar.
Methods: We retrospectively collected and analyzed data of 33,404 children (<15 years) presented with
influenza-like illness from 2012 to 2017.
Results: At least one respiratory pathogen was detected in 26,138 (78%) of patients. Together, human
rhinoviruses (HRV), respiratory syncytial virus (RSV), and influenza viruses comprised nearly two-thirds
of all cases, affecting 24%, 19.7%, and 18.5%, respectively. A prevalence of 5-10% was recorded for
adenovirus, parainfluenza viruses (PIVs), human bocavirus (HboV), and human coronaviruses (HCoVs).
Human metapneumovirus (HMPV), enteroviruses, M. pneumonia, and parechovirus had prevalences
below 5%. While RSV, influenza, and HMPV exhibited strong seasonal activity in the winter, HRV was
active during low RSV and influenza circulation. The burden of RSV exceeds that of influenza among
young age groups, whereas influenza correlated positively with age. Further, HRV, adenovirus, influenza,
and RSV infection rates varied significantly between male and females.
Conclusion: This comprehensive multi-year study provides insights into the etiology of ILI among
children in Qatar, which represents the Gulf region. Our results reinforce the significance of active
surveillance of respiratory pathogens to improve infection prevention and control strategies, particularly
among children.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
Thisis an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).
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common illnesses, causing a persistent public health concern in
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According to the WHO, respiratory infections were responsible for
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Children often experience several illness episodes due to
respiratory infections throughout the year (Monto, 2002). Many
pathogens have been reported to cause respiratory infections;
however, viruses are considered the main cause, accounting for
40%-50% of infections in hospitalized children in developing
countries (Simoes et al., 2006; Comach et al., 2012; Tregoning and
Schwarze, 2010). The most commonly reported virus is respiratory
syncytial virus (RSV) (Al-Romaihi et al., 2019; Krilov, 2001). Other
common viruses include influenza A (IAV) and B viruses (IBV),
parainfluenza viruses (PIVs), adenovirus, and human rhinovirus
(HRV) (Monto, 2002; Williams et al, 2002; Pavia, 2011).
Additionally, several new viruses have been also found to manifest
clinically as influenza-like illnesses (ILIs), including human
metapneumovirus (HMPV), human coronaviruses (HCoVs), and
human bocavirus (HboV) (Pavia, 2011; Debiaggi et al., 2012; Walker
et al,, 2013). Importantly, until now, most of these respiratory
viruses have no approved vaccines or medications (Tregoning and
Schwarze, 2010).

The distribution and prevalence of each virus vary from region
to region, mainly due to differences in geographic areas, seasonal
timing, and socioeconomic status (Tang et al., 2008). Qatar is a
demographically diverse country with high population mobility.
Recently, studies investigating the epidemiology of respiratory
viruses such as RSV and influenza virus have been reported from
Qatar (Al-Romaihi et al., 2019; Alkuwari et al., 2011; Janahi et al.,
2017). However, the epidemic characteristics of these two viruses,
in addition to other respiratory pathogens, are still not well
established. Therefore, a better understanding of viruses’ epide-
miology is essential to reduce the burden on health care systems
and avoid antibiotics misuse.

In fact, despite the efforts to control the antibiotic resistance,
antibiotics are still commonly prescribed for the treatment of ARIs
that are mostly caused by viral pathogens. Describing the major
role of viral infections in ARIs would highlight the unnecessary
overuse of antibiotics among ARIs patients.

In this article, we report on the prevalence, seasonal variations,
and age distribution of respiratory viruses in children less than 15
years old over six years in the State of Qatar.

2. Methodology
2.1. Specimen collection and case definition

Throat, nasal or nasopharyngeal swabs, and nasal aspirate were
obtained from ILI patients below 15 years old. ILI is defined by fever
>38°C and cough or sore throat with onset within the last ten days
(WHO, 2014). Samples were collected at Hamad General Hospital,
sentinel sites, and primary healthcare centers from January 2012 to
December 2017. For the isolation of Middle East Respiratory

Syndrome virus (MERS CoV), additional sputum samples were
collected.

2.2. Laboratory diagnosis

Samples were tested by multiplex real-time PCR for detection of
pathogen genes by TagMan® technology. Specimens were tested
for influenza A/B/H1N1 only (Xpert® Flu assay, Cepheid, U.S.) or a
full panel of respiratory pathogens (Respiratory Pathogens 21 Kkit,
Fast-Track Diagnostics, Luxemburg), depending on the physician's
request. This kit enables the identification of 20 viruses and one
bacteria that cause upper respiratory tract infections. Besides, FTD
MERS-CoV (Fast-Track Diagnostics, Luxemburg) was used to test
MERS-CoV. Additionally, starting from June 2017, influenza H3
virus detection was introduced using the same platform. DNA/RNA
extraction was performed using EziOne, followed by amplification
on ABI7500 system, a CE-In vitro diagnostic (IVD) approved.

2.3. Statistical analysis

Datasheets were cleaned by removing errors and duplicates.
Subjects who had similar test results within 14 days were
considered as duplicates and their second result was omitted.
All samples (n=33,404) were tested for influenza viruses, and
therefore, rates of influenza infection were calculated out of the
total number. Prevalences of other respiratory pathogens were
calculated out of the number of samples subjected to respiratory
pathogens panel (n=30,946). To determine the relation signifi-
cance between variables, Pearson chi-square was used at p-value
<0.05.

3. Results
3.1. Demographics of enrolled patients

Over a period of six years, 33,404 specimens were collected
from children with ILIs symptoms. Table 1 summarizes the
demographics of the study population. Briefly, patients enrolled
in this study were below 15 years of age (average=2.6+3.2,
median = 1.3). Approximately 80% of samples were received from
children under five years of age: 42% (13,897) were below one year,
while 38% aged between 1 and 4 years. Older age groups (5 to <15
years) represented only 20% of the cases. Additionally, proportion
of male participants (42.9%) was higher than females (33.3%)

3.2. Overall prevalence and seasonality of ILIs

Out of 33,404 samples, 78% (26,138) tested positive for at least
one pathogen. Notably, there was gradual increase in ILIs cases over

Table 1

Demographics of enrolled patients.
Category 2012 2013 2014 2015 2016 2017 Total

No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)

Sex
Male 0 0 0 2759 (46.3) 3312 (58.4) 8246 (55.1) 14,317 (42.9)
Female 0 0 0 2083 (35) 2356 (41.6) 6706 (44.9) 11,145 (33.3)
Missing data 1846 (100) 2081 (100) 2901 (100) 1111 (18.7) 2(0.03) 1(0.01) 7942 (23.8)
Total 1846 (100) 2081 (100) 2901 (100) 5953 (100) 5670 (100) 14,953 (100) 33,404 (100)
Age groups
<1 year 962 (52.1) 847 (40.7) 1384 (47.7) 2011 (33.8) 2916 (51.4) 5777 (38.6) 13,897 (41.6)
1-4 years 583 (31.6) 789 (37.9) 891 (30.7) 2523 (42.4) 1574 (27.8) 6409 (42.9) 12,767 (38.2)
5-9 years 210 (11.4) 290 (13.9) 374 (12.9) 1003 (16.8) 741 (13.1) 1991 (13.3) 4609 (13.8)
10-14 years 91 (4.9) 155 (7.4) 252 (8.7) 416 (7) 439 (7.7) 776 (5.2) 2129 (6.4)
Total 1846 (100) 2081 (100) 2901 (100) 5953 (100) 5670 (100) 14,953 (100) 33,404 (100)
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the study years. Both, number of received samples and positivity
rates increased annually, ranging from 64% (out of 1846) in 2012 to
84% (out of 14,953) in 2017. Fig. 1. illustrates the overall prevalence
of different respiratory infections. Together, HRV, RSV, and
influenza viruses comprised nearly two-thirds of all positive
cases, detected in 24%, 19.7%, and 18.4%, respectively. Adenovirus,
PIVs, HboV, and HCoVs infections were detected at rates ranging
from 5% to 9%. Other pathogens were detected less frequently
(<5%), including HMPV, enteroviruses, M. pneumonia, and par-
echovirus.

Although HRV, RSV, and influenza were the main contributors
to ILIs, their circulation was variable in different years of the study.
HRV tended to dominate over other respiratory infections all over
the six years except in 2015, where RSV infection was the primary
cause of ILIs. Infection with HRV ranged from 19.6% to 25.2%, while
RSV was detected in 15.7% to 22.6% in tested cases. Overall, RSV
ranked the second leading cause of ILIs from 2012 to 2016.
However, the frequency of influenza viruses raised in 2017,
affecting almost 23% of the total ILIs cases, and representing the
second most frequent infection. In all other surveillance years,
influenza viruses or adenovirus were the third leading cause of ILIs,
with infection rates ranging from 5.9% to 21% and 6.7% to 13.4%,
respectively. The difference in the annual infection rates was
significant for most of the infections (p <0.001). Only PIVs had a
frequency that was comparable throughout the study period,
affecting more or less than 7% children in each year (p=0.07)
(Fig. 1).

Qatar is characterized by extremely high temperatures during
hot months (May-October), while cool months (December-
February) exhibit occasional drops in the temperature, intermit-
tent rainfalls, and heavy fog. Considering that the circulation of
infections could be affected by weather, we investigated the
seasonality of ILIs causing pathogens. Originally, the highest
number of received samples was during fall (September-Novem-
ber; 38%) and winter (December-February; 32%), representing
almost 70% of all samples. On the other hand, samples received
during spring (March-April) and summer (June-August) together
represented 30%. Similarly, the epidemic curve of confirmed
positive cases with at least one pathogen showed a strong seasonal
peak starting from late fall to early winter. The great majority of
positive cases was reported in fall (10,535; 40%), and winter (8807;
33.5%), followed by spring (4564; 17.4%), and summer (2384; 9%).
Noticeably, these temporal peaks coincided with the decrease in
temperature (p <0.001, r=-0.4) (Fig. 2).

3.3. Influenza viruses

We found that influenza viruses contribute to an average of
18.4% of all respiratory infections. In 2012, influenza viruses were
detected in 11% of all ILIs reported cases. This frequency declined to
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Fig. 1. Annual rate of respiratory infections reported between 2012 and 2017. The
rate of infection per year was calculated as the number of positive cases of each
specific virus per the total number of tested samples (n=33,404 tested for influenza
viruses only, n=30,946 tested for influenza and other viruses).

6% in 2013, before increasing again to the same percentage in 2014
(11%). During the last three years of the surveillance (2015-2017),
infection with influenza viruses raised markedly, reaching up to
22.8% (Table 2).

The great majority of influenza-positive cases (75% out of 6162)
were infected with IAV, while IBV represented 25% (1520) of the
cases. Within IAV-positive cases, 70% (3236) were A/HIN1, and
6.8%(315) were A/H3N2 subtype, while the rest were not subtyped.
Interestingly, while IAV was the dominant subtype throughout the
study period, IBV was detected at a higher frequency in 2016,
reaching to 57% of total influenza-infected subjects (Table 2).

Influenza virus seasonality identified clear major and minor
non-overlapping peaks, around November and April, respectively.
Except for 2014, the largest proportion of influenza-positive cases
was reported between November and December (12%-40% per
month). In 2014, a major peak was observed between February and
April (18% per month). In fact, the rise in influenza infection rates
around April was clearly observed from 2012 to 2014, as well as in
2016, reaching up to 17% positive cases per month. To the contrary,
these numbers declined dramatically in other timings of the year
(Fig. 3).

3.4. RSV

RSV was the second most frequent respiratory infection
following HRV, reported from nearly 20% of admitted children
(Table 3). RSV showed an annual cyclic pattern with a unimodal
peak observed consistently between November and December of
each year, affecting up to 47% of cases per month. A subsequent
significant drop in the virus circulation was observed in the
following months, reaching to the lowest frequency between May
and June (0.6%-4%). Notably, while the rise in RSV infection rate
correlated negatively with the temperature (p < 0.0001; r=—0.5), it
correlated positively with the relative humidity peaks (p <0.0001;
r=0.7) (Fig. 4).

3.5. Influenza-RSV coinfection

Analysis of influenza-RSV co-infectivity revealed that 356 (1%)
out of the total number of included children are co-infected with
both influenza and RSV (Table 4). In other words, 7.3% (249) of
children who are infected with influenza are RSV positive. Further,
coinfection with RSV was comparable in both influenza A- and
B-infected subjects.

3.6. Other respiratory infections

While more than one-third of all ILIs in children was attributed
to RSV and influenza viral infections, 64% (16,728) of the cases were
positive for other ARIs’ causing agents (Fig. 5, Table 2). Our data
showed that HRV accounted for the highest percentage of
respiratory infections in most of the years, with an average
infection rate of 24% annually. Although this virus demonstrated a
consistent circulation throughout the years, it manifests primarily
during fall, reaching 40%. Still, another peak of virus positivity was
observed during warmer months around March (29%). Notably,
HRV circulation coincided with low influenza and RSV rates.

Adenoviruses, the fourth most common infection, was detected
in 9.4% of children. The virus was circulating throughout the year,
yet, more active in late spring and early summer (May-June),
affecting up to 22% of enrolled children.

PIVs accounted for a substantial proportion of ILIs per year
(7.8%). PIV-3 was the most commonly detected type, representing
more than 50.1% (1232) of all PIVs-positive cases. This was
followed by PIV-4 (23%), PIV-1 (16%), and PIV-2 (9.7%). The general
pattern of PIVs circulation was less interpretable than other
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Fig. 2. Monthly distribution of positive cases with at least one respiratory pathogen (2012-2017) in correlation with temperature and relative humidity.

Table 2
Distribution of influenza viruses by year of detection.
Pathogen Surveillance year
Total 2012 2013 2014 2015 2016 2017
n=33,404 n=1846 n=2081 n=2901 n=5953 n=5670 n=14,953
Positive cases
No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
Influenza viruses 6162 (18.4) 210 (11.4) 123 (5.9) 320 (11) 1267 (21.3) 835 (14.7) 3407 (22.8)
Influenza A 4642 (13.9) 147 (7.9) 96 (4.6) 264 (9.1) 1145 (19.2) 354 (6.2) 2636 (17.6)
A/HIN1 3236 (9.7) 85 (0.3) 33 (0.1) 188 (0.6) 967 (2.9) 75 (0.22) 1888 (5.7)
A[H3N2 315 (0.9) B ? “ ? ? 315 (0.9)
Influenza B 1520 (4.6) 63 (3.4) 27 (1.3) 56 (1.9) 122 (2) 481 (8.5) 771 (5.2)

2 Samples were not tested for influenza A/H3N2.

80 - 40
70 -35._‘?
RS}
60 L3 E
"
[0 ¥ auf
2
[0]
850 r2s .2
[0] O
= -
%40 F20 &
o —_—
i %)
O 30 15 2
o 0
3
O =
-EZO -109
[0} [0}
8 Q
o | | || || | |||I ||| o
2
111 PP L TR YRS N L0 TN wH
= > > o > = > > o > = > > a0 > = > > a0 > = > > o > = > > o >
c g =z c B 2= c g = [< ] = c 5 > c 5 >
5238232382323 825:x238285=£23823s2382
2012 2013 2014 2015 2016 2017

mm A/HINT e A/H3N2 = |nfluenza A untyped i Influenza B =—Humidity —— Average Temp

Fig. 3. Seasonality of influenza viruses from 2012 to 2017, in correlation with temperature and relative humidity. Percentage of positive samples for each influenza type/
subtype was calculated out of the total tested samples for influenza viruses (n=33,404).
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Table 3
Distribution of different respiratory pathogens by year of detection.
Pathogen Surveillance year
Total 2012 2013 2014 2015 2016 2017
n=30,946 n=1846 n=2081 n=2901 n=4614 n=5314 n=14,190
Positive cases
No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
Adenovirus 2902 (9.4) 125 (6.8) 193 (9.3) 389 (13.4) 311 (6.7) 433 (8.1) 1451 (10.2)
HMPV 1450 (4.7) 66 (3.6) 128 (6.2) 131 (4.5) 231 (5) 396 (7.5) 498 (3.5)
HRV 7443 (24.1) 438 (23.7) 526 (25.3) 569 (19.6) 1019 (22.1) 1307 (24.6) 3584 (25.3)
HboV 1920 (6.2) 136 (7.4) 189 (9.1) 175 (6) 332 (7.2) 322 (6.1) 766 (5.4)
HCoV 1741 (5.6) 153 (8.3) 124 (6) 170 (5.9) 236 (5.1) 266 (5) 792 (5.6)
229E CoV 188 (0.6) 19 (1) 19 (0.9) 21 (0.7) 30 (0.7) 26 (0.5) 73 (0.5)
NL63 CoV 378 (1.2) 37 (2) 23 (11) 45 (1.6) 40 (0.9) 62 (1.2) 171 (1.2)
HKU1 CoV 334 (1.1) 22 (1.2) 24 (1.2) 28 (1) 58 (1.3) 66 (1.2) 136 (1)
0C43 CoV 840 (2.7) 75 (4.1) 58 (2.8) 75 (2.6) 108 (2.3) 112 (2.1) 412 (2.9)
MERS-CoV 1(0) 0(0) 0(0) 1(0) 0(0) 0(0) 0(0.0)
PIVs 2436 (7.9) 119 (6.4) 150 (7.2) 230 (7.9) 381 (8.3) 450 (8.5) 1106 (7.8)
PIV-1 569 (1.8) 4(0.2) 38 (1.8) 20 (0.7) 135 (2.9) 34 (0.6) 338 (2.4)
PIV-2 237 (0.8) 4(0.2) 17 (0.8) 10 (0.3) 54 (1.2) 25 (0.5) 127 (0.9)
PIV-3 1232 (4) 86 (4.7) 71 (3.4) 148 (5.1) 150 (3.3) 291 (5.5) 486 (3.4)
PIV-4 398 (1.3) 25 (1.4) 24 (1.2) 52 (1.8) 42 (0.9) 100 (1.9) 155 (1.1)
RSV 6102 (19.7) 275 (14.9) 327 (15.7) 542 (18.7) 1045 (22.6) 972 (18.3) 2941 (20.7)
Enterovirus 1202 (3.9) 71 (3.8) 84 (4) 89 (3.1) 138 (3) 222 (4.2) 598 (4.2)
Parechovirus 341 (1.1) 16 (0.9) 23 (1) 33(11) 74 (1.6) 91 (1.7) 104 (0.7)
M. pneumoniae 457 (1.5) 23 (1.2) 32 (1.5) 68 (2.3) 88 (1.9) 100 (1.9) 146 (1)
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Fig. 4. Seasonality of RSV from 2012 to 2017, in correlation with temperature and relative humidity. Percentage of positive samples for RSV was calculated out of the total

tested samples (n=30,946).

Table 4
Influenza-RSV co-infections.

Year Single infection Co-infections
Total Influenza A Influenza B RSV Influenza A-RSV Influenza B-RSV Influenza-RSV
No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)

2012 1846 147 (7.9) 63 (3.4) 275 (14.9) 22 (1.2) 2(0.1) 24 (1.3)

2013 2081 96 (4.6) 27 (1.3) 327 (15.7) 4(0.2) 2(0.1) 6(0.3)

2014 2901 264 (9.1) 56 (1.9) 542 (18.7) 5(0.2) 4(0.1) 9(0.3)

2015 5953 1145 (19.3) 122 (2) 1045 (17.6) 31 (0.5) 5(0.1) 36 (0.6)

2016 5670 354 (6.2) 481 (8.4) 972 (17.1) 17 (0.3) 15 (0.3) 32 (0.6)

2017 14,953 2636 (17.6) 771 (5.2) 2941 (19.7) 196 (1.3) 53 (0.4) 249 (1.7)

Total 33,404 4642 (13.9) 1520 (4.6) 6102 (19.7) 275 (0.8) 81 (0.2) 356 (1)

infections. Nonetheless, in most of the years, a noticeable increase
in the virus activity was observed during late spring as well as in
late fall to early winter reaching to a positivity rate of 18%. While
PIV-1 and 2 circulate without any defined pattern, PIV-3 was more

active between fall and early winter in addition to its continuous
activity in all other seasons. Lastly, PIV-4 also occurred more
commonly in late fall to winter (4%), with few or no detections in
the summer season (below 0.2%) (Supplementary Figure 1).
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Fig. 6. Infection rates of ILI causing pathogens among different age groups.

Out of all ILIs cases, 1920 (6.2%) children were positive for HboV.
Except in 2014, HboV seemed to increase between February and
March of each year, affecting 8% to 20% of children. In 2014, the
virus continued to increase from February until July, where it
reached it is highest activity, affecting 11% of cases in that month.
Besides, a sudden increase in HboV cases was observed in August
2012, where it reached to 20% frequency, compared to 5% recorded
in July, and 8% in September of the same year.

HCoVs positive cases accounted for 5.6% (1741) of the total
number of samples. OC43 CoV was predominating over other

HCoVs, detected in nearly 50% of all HCoV positive cases, followed
by NL63 and HKU1 (20% each), and 229E (10%). On the other hand,
MERS CoV was reported from only one case in 2014. Remarkably,
winter months exhibited higher HCoV circulation.

Other ILIs causing pathogens, such as HMPV, enterovirus,
M. pneumonia, and parechovirus showed less than 5% frequency.
Out of all tested samples, 1450 (4.7%) were positive for HMPV. This
virus displayed a clear seasonality typical of other winter
respiratory viruses such as influenza and RSV. Enterovirus, on
the other hand, was distributed all over the seasons, with a slight
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increase in late winter to spring. The overall proportion of
enteroviral ARIs was approximately 4%, detected in 1202 of all
admitted children. M. pneumonia and parechovirus infections were
the least detected respiratory infections (<2%). Unlike parechovir-
ues, M. pneumonia showed a unique temporal circulation between
February and May.

3.7. Correlation with demographics

We first analyzed the correlation of each infection and age of
participants. A marked variation in the infection rate was observed
between different age groups (Fig. 6). Influenza infection was
significantly lower within infants (<1 year; 8.1%), compared to older
age groups (23%-32%). The highest infection rate of both, IAV and IBV
was detected among school-age children (5-9 years; 21.4% and 11%,
respectively). Contrarily, infants (<1 year) demonstrated the highest
proportion of RSV (28.4%), followed by children aged 1-4 years (17%).
This frequency decreased significantly with age (p<0.0001),
reaching 2% in 10-14 years age group. Influenza-RSV coinfection
was also associated with age. Out of 356 influenza-RSV positive
cases, 309 (87%) were children were below five years of age.

The frequency of HRV, HMPV, parechovirus, NL63 and HKU1
CoVs negatively correlated with age (p <0.0001). On the contrary,
M. pneumonia and 229 CoV infections increased significantly with
age (p <0.0001). Children 1-4 years old demonstrated the highest
rates of adenovirus, HboV, PIVs, and enterovirus infections, which
were detected in 12.5%, 9.4%, 9%, and 4.4% respectively.

We further analyzed the sex-dependent differences in infection
rates. In general, influenza and RSV showed higher circulation
among females. For each virus, a detection rate of 22% among
females, and 20% of males were recorded. While the difference in
influenza infection was statistically significant, RSV infection
showed only marginal significance (p=0.04). Contrarily, males
exhibited higher frequencies of HRV (26%) and adenovirus (9%)
compared to females (23% and 8%, respectively). On the other hand,
rates of HMPV, HboV, HCoV, PIVs, enteroviruses, M. pneumonia,
and parechovirus infections were comparable between the two
groups (Fig. 7).

4. Discussion

This comprehensive report describes, for the first time, the
epidemiology of respiratory infections in children under 15 years
in Qatar, spanning a period of six years (2012-2017). The
significance of this study comes from the fact that respiratory
infections are still causing a serious public health concern
particularly among children. Most importantly, the uniqueness
of the State of Qatar, which has a rapidly growing population with
87.3% expatriates, imposes unique healthcare challenges including
the importation and circulation of respiratory infections.

Our study revealed that respiratory infections are continuously
circulating among children, but in a relatively higher prevalence
compared to reports from other countries. We found that 78% out
of the 33,404 ILIs cases tested positive for at least one respiratory
pathogen. Many other similar studies reported lower percentages,
including Saudi Arabia (24% of 4611), Iran (59.6% of 156), Cameroon
(65% of 365), and Philippines (43% of 1864) (Albogami et al., 2018;
Njouom et al., 2012; Halaji et al., 2019; Otomaru et al., 2015). On the
other hand, and in accordance with our current findings, a report
on respiratory viruses among children (6 months-10 years) in
eight countries (Australia, South East Asia, and Latin America)
indicated a positivity rate of 79.6% (Taylor et al., 2017). The
difference in infection rates could be reflecting the true burden in
each region, or it is possibly attributed to differences in the studied
population, diagnostic methods, and environmental factors. Of
note, the positivity rate among children with ILI exceeds that of ILI
in adults considerably, as reported by our group and others
(Otomaru et al., 2015; Puzelli et al., 2009; Laguna-Torres et al.,
2009; Arango et al., 2015; Ren et al., 2009).

Our data highlighted the wide contribution of HRV, RSV, and
influenza in the overall burden of respiratory infections among
children in Qatar. These three viruses were the main causing agents
of respiratory illnesses in almost two-thirds of admitted children.
We found that HRV was positive in nearly a quarter of all cases, and
was predominating over other infections throughout the six-year
period. Similar to our findings, HRV was reported to cause the
highest percentage of ILI in children in different countries, as
recently reported by Taylor et al. (Taylor et al., 2017 ). However, they
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reported higher prevalence (41.5% out of 6266 cases), probably
because they enrolled children aged ten years or younger only,
whereas our study included children below 15 years old, noting
that HRV is more prevalent among younger age groups. In
compliance with our results, a large national surveillance study
from Korea (n=36,915) showed that HRV was predominantly the
leading cause of ARIs, with a percentage that decreased from 19% in
children below 5 years, to 12% among those aged between 6 and 19
years (Kim et al., 2018). Contrarily, other studies reported lower
HRV frequencies, probably due to the smaller sample size
(Otomaru et al., 2015).

Infection with RSV was a main etiological agent of ILIs in our
study following HRV. RSV is known to be the leading cause of ARIs
and hospitalizations in children worldwide. Here, we reported a
20% infection rate, which is close to other reports from Bangkok
(15%), US (22%), Russia (23%), Saudi Arabia (23.5%), and India (28%)
(Albogami et al., 2018; Meskill et al., 2017; Thongpan et al., 2019;
Saxena et al., 2017; Kurskaya et al., 2018). RSV was less frequently
detected among children from countries with high influenza and
HRV circulation, including Australia, South East Asia and Latin
America (9.7%), and East Asia countries, such as Laos (12%), Korea
(5%), and China (5.6%) (Kim et al., 2018; Wang et al., 2016; Snoeck
etal., 2018). Similar to many other studies, we found that both HRV
and RSV prevalence decreased significantly with age, where infants
represented the most affected group (Kim et al., 2018; Snoeck et al.,
2018; Cui et al., 2016).

Influenza viruses, on the other hand, accounted for approxi-
mately 18% of all cases and correlated positively with age in
agreement with previous studies (Njouom et al., 2012; Zarychanski
et al., 2010). Generally, both IAV and IBV were co-circulating in all
seasons, with a noticeable dominance of IAV, except in 2016, where
IBV was more prevalent. This high circulation of IBV in the 2016
season has also been reported in other studies (Allbrahim et al.,
2019; Simms et al., 2017). It could be explained by a mismatch
between the circulating IBV lineage, and the administered trivalent
influenza vaccine used in that season as reported from Lebanon
(Allbrahim et al., 2019). Importantly, despite the availability of
quadrivalent vaccines that overcome this issue, young children are
typically given a trivalent vaccine, which has only one IBV lineage.

RSV and influenza infections are known to have a fluctuating
degree of seasonal overlap. In the current study, 7% of influenza-
positive patients were also RSV positive, which is close to a four-
years report in Spain (6%) (Reina and Duefas, 2019). However,
several other reports showed higher rates of influenza-RSV
coinfections among children reaching 32% (Reina et al., 2014).
Furthermore, we found that the majority of coinfections (87%)
were among children below five years of age, which confirms
previous reports (Nitsch-Osuch et al., 2016).

We also reported significant circulation of other important
respiratory pathogens. The prevalence of adenovirus, PIVs, HboV,
and HCoVs infections was below 10%, while infection with HMPV,
enteroviruses, M. pneumonia, and parechovirus, showed a fre-
quency of <5%. These figures are in line with several epidemiologi-
cal studies on children (Albogami et al., 2018; Wang et al., 2016).
Additionally, except for influenza and M. pneumonia, the preva-
lence of most respiratory viruses was higher among young age
groups, probably due to their underdeveloped immunity.

Numerous studies have shown an association between the
transmission of respiratory viruses and climate, particularly
humidity and temperature (Lowen et al., 2007). Our data showed
a significantly higher positivity rate during cooler months, which
coincided with low ambient air temperature and high relative
humidity.

Circulation of influenza viruses showed a clear primary peak
between November and December, which is consistent with
reports from regions with a similar climate (Caini et al., 2018).

Additionally, we observed another minor peak around April,
which is interestingly similar to what has been reported in
Northern Hemisphere countries (Caini et al, 2018). We also
found that RSV and HMPV circulate simultaneously with
influenza while HRV was primarily active during low RSV and
influenza activity, which is similar to previous reports (Njouom
et al,, 2012; Haynes et al., 2016; Razanajatovo et al., 2011; Nguyen
et al., 2016). While many studies failed to determine HRV
seasonality (Taylor et al., 2017; Wang et al., 2016), our data
indicated a noticeable seasonal activity during early fall at the
time of school opening in Qatar, followed by another peak
around March. Likewise, infections with adenovirus and
M. pneumonia tend to raise at the time of low RSV and influenza
circulation. Adenovirus usually does not exhibit a discernible
seasonal circulation pattern; however, similar to our results, the
increase in virus transmission around May has been previously
reported (Giilen et al., 2014). We also found that HboV displayed a
consistent increase during late winter/early spring in most of the
years, in line with reports from Iran and South Africa (Tabasi
et al., 2016; Schildgen et al., 2008). We also found that the overall
seasonality of PIVs was ambiguous and lacked any specific
circulation trends. However, late fall and early winter exhibited
higher PIVs cases, especially with PIV type 3 and 4. Contrarily,
according to the CDC, PIV-1 and PIV-2 circulate more commonly
during fall, PIV-3 occur frequently in spring and summer, while
PIV-4 circulate without any seasonal occurrence (Human Para-
influenza Viruses, 2017). On the other hand, HCoVs were more
prevalent in winter, typical of other respiratory viruses. Yet,
positive cases were also reported during warm months confirm-
ing other reports (Soonnarong et al., 2016; Gaunt et al., 2010).
Finally, parechovirus infections were scattered throughout the
years, with no temporal patterns, although previous records
indicated higher activity between fall and winter (Chiang et al.,
2017). This is probably due to the low infection rates reported in
our study. In fact, the variation in the reported viruses’
seasonality could possible result from the sampling bias that
exists in most retrospective studies, in which more specimens are
usually collected during the winter months.

It is recognized that males and females differ in the intensity,
prevalence, and pathogenesis of infections (Klein, 2012). Our
analysis revealed that influenza and RSV are more prevalent
among females, while HRV and adenovirus were higher among
male patients. This confirms our previous study on ARIs among
adults, as well as other epidemiological studies (Al-Romaihi
et al, 2019; Zarychanski et al, 2010; Pouremamal and
Pouremamali, 2016).

In summary, this multi-year study systematically investigated
the frequency of respiratory pathogens among 33,404 children in
Qatar. Given the large number of enrolled patients, this is the
largest scale report on ILIs among children in the MENA region to
the best of our knowledge. Information obtained from this study
shall have important implications on infections’ control and
prevention policies, particularly for public health authorities and
health systems. For instance, results would help in launching
prevention and control programs such as vaccine campaigns
according to the country-specific pathogens’ seasonality. Fur-
thermore, the effectiveness of these vaccine and awareness
campaigns could be improved by prioritizing high-risk groups
with higher infection burden. This epidemiologic study can also
improve the diagnosis strategy by providing data about the
causes of ILIs in the country, and hence, help in improving the
selection of pathogens for regular clinical testing. Nonetheless,
future studies that include patients’ vaccination records and
clinical symptoms are still needed to understand the clinical
significance and the vaccine coverage of respiratory diseases in
Qatari population.
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