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Abstract: In Saudi Arabia, acute gastroenteritis (GE) is a common illness affecting children and adults;
however, the extent to which human rotavirus A (HRV) and human adenovirus (HAdV) strains
contribute to the condition is unclear. The surveillance of the GE-causing viruses, HRV and HadV,
was performed using polymerase chain reaction, sequencing, and phylogenetic analysis at King
Khalid University Hospital. The associations between virus prevalence and meteorological factors
were analyzed. The prevalence of HAdV was recorded (7%), followed by HRV (2%). On a gender
basis, HAdV infections were found to be dominant in females (5:2) (U = 407.5; p < 0.0001), whereas
HRYV was only detected in males (U = 50; p < 0.0001). A significantly higher HAdV prevalence was
recorded at the age of 3.5 £ 0.63 years (21.1%; p = 0.00047), whereas HRV cases were found equally
distributed between <3 years and 3-5 years. The highest HAdV prevalence was recorded in autumn,
followed by winter and spring. A significant correlation was detected between humidity and the
total number of recorded cases (p = 0.011). Phylogenetic analysis depicted the dominance of HAdV
type 41 and the G2 lineage of HRV among circulating strains. The current study uncovered the
epidemiology and genotypes of HRV and HadV, and provided forecasting equations for monitoring
climatic-mediated outbreaks.

Keywords: human rotavirus A; human adenovirus; gastroenteritis; epidemiology; environmental;
genotype 41; G2 lineage

1. Introduction

Diarrhea is a common gastroenteritis-related cause of morbidity and mortality in
children. Previously, bacterial infections were considered the main cause of gastroenteritis,
but due to the developments in viral diagnostics, viruses have been considered the main
cause of gastroenteritis over the past 20 years [1]. Gastroenteritis is a major infectious
disorder affecting people of all ages globally, particularly young children suffering from
acute forms of gastroenteritis. Especially in the developing world, viral infections are
reported as a significant source of gastroenteritis [2]. Despite the fact that the majority
of gastroenteritis infections are self-limiting, they continue to be major contributors to
morbidity and economic losses [3]. Among children under the age of five, diarrhea is
a serious public health concern and a potentially infectious disease with high rates of
morbidity and mortality. It has been estimated that gastric rotavirus infections cause
197,000 fatalities in children under the age of five, and high incidence places a heavy
economic burden on both high- and low-income nations [4]. Around the world, rotaviruses
account for 9% of under-five mortality and are a major cause of infantile acute diarrhea
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(AD) [5]. The rotavirus is a non-enveloped, double-stranded RNA virus with a triple-
layered icosahedral capsid that encodes six structural viral proteins and six non-structural
viral proteins linked to virulence [6]. Additionally, it has two surface proteins, the G-type
(glycosylated VP7) and the P-type (VP4 proteins susceptible to proteases), as described in
rotavirus genotyping based on dual classification [7,8]. The most significant cause of acute
infantile gastroenteritis, after rotavirus, is adenovirus. Adenoviruses are potential causes of
AD in infants and gastroenteritis (GE), accounting for 2-6% of the incidence worldwide [9].
Adenoviruses are non-enveloped icosahedral viruses with a double-stranded linear DNA
of 34-36 kb. These include 88 human serotypes grouped into seven human adenovirus
species, A-G [10]. Gastrointestinal infections are commonly caused by subgroups A, D,
and F. Serotypes 40 and 41 of subgroup F and serotype 31 of subgroup A are mainly
associated with GE [11,12]. However, limited studies have been conducted on the detection
of circulating HAdV strains in patients in Saudi Arabia [13-15].

Therefore, the current study aimed at molecular characterization of circulating HAdV
and HRV in the King Khalid University Hospital (KKUH) in Riyadh, Saudi Arabia. More-
over, the hexon- and VP7-derived sequences of the detected HAdV and HRV were se-
quenced for phylogenetic analysis. Furthermore, seasonal influences were inspected in the
context of HRV and HAdV prevalence.

2. Materials and Methods
2.1. Clinical Samples Collection and Preparation

Fecal samples from patients visiting King Khalid University Hospital (KKUH) in
Riyadh because of diarrhea or gastroenteritis symptoms between February 2017 and January
2018 were selected retrospectively. Acute GE was defined as diarrhea and/or vomiting for
>7 days, which could be associated with abdominal pain, fever, and anorexia [16]. However,
AD is defined as the passage of excessive watery or frequent stools with surged water
content [17]. Nosocomial cases and chronic diarrheal cases (lasting for >2 weeks) were
excluded from this study. Consequently, 100 fecal samples were included and collected by
the addition of 3 x volume of DNA /RNA Shield reagent (Zymo Research, Irvine, CA, USA).
The fecal samples were suspended in 2 mL of phosphate-buffered saline, incubated for 1 h
at4 °C, and centrifuged at 6000 g for 5 min to remove cellular debris and bacteria. This
was followed by supernatant filtration using a 0.45 um syringe filter (Millipore, Billerica,
MA, USA). Metrological data, including temperature, humidity, and wind speed, were
obtained from AccuWeather Riyadh https:/ /www.accuweather.com/en/sa/riyadh/ on
the day of the clinical sample collection.

2.2. Nucleic Acid Extraction and PCR Detection of Enteric Viruses

Nucleic acid was extracted from 400 uL of filtered supernatant and eluted in 50 uL
of molecular-grade water using the PowerViral® Environmental RNA /DNA Isolation
kit (MO BIO Lab, Carlsbad, CA, USA) by following manufacturer instructions. The
yielded RNA was initially reverse transcribed using the Sensiscript® RT Kit (SensRT;
Qiagen GmbH, Hilden, Germany) in a 20 pL reaction mixture consisting of 2 puL tem-
plate RNA and 18 uL RT mixture (containing 2 uL 10x RT buffer, 2 pL dNTPs, 2 uL
random hexamers [final concentration of 10 uM], 1 uL Sensiscript RT, 1 uL RNase in-
hibitor [40 U-uL™1], and 10 puL nuclease-free water with incubation at 37 °C for 1 h).
For HRV detection, PCR was conducted in a 20 pL reaction mixture consisting of 2 pL
c¢DNA template, 500 nM RComb-F: 5-CCACAAYTDTATTGTGATTA-3' and RComb-R:
5'-CCCATYGATATCCAYTTATT-3' [18], 500 nM reverse primer, and 1x Phusion Master
Mix (Thermo Fisher Scientific, Waltham, MA, USA). This was performed under the fol-
lowing reaction conditions: 98 °C for 30 s, followed by 40 cycles of 98 °C for 10 s, 50 °C
for 30 s, and 72 °C for 30 s each, and a final extension at 72 °C for 5 min. Conversely,
HAdV was directly detected in a 20 pL reaction mixture composed of 2 L. DNA template,
300 nM AdFhex-F: 5'-GCCACCGATACCTACTTCAGCCTG-3' and 300 nM AdFhex-R:
5-GGCAGTGCCGGAGTAGGGTTTAAA-3' [19], and 1x Phusion Master Mix under the
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following reaction conditions: 98 °C for 30 s, followed by 40 cycles of 98 °C for 10 s and
72 °C for 30 s each, and a final extension at 72 °C for 5 min.

2.3. Amplicon Purification and Sequencing

To confirm the expected PCR products, gel electrophoresis was applied to 2x agarose
concentration. These amplicons were purified using the Wizard® SV Gel and PCR Clean-Up
System (Promega Co., Madison, W1, USA) according to the manufacturer’s instructions.
Consequently, the cleaned-up amplicons were sequenced using the Applied Biosystem
PRISM® 7000 Sequence Detection System (Thermo Fisher Scientific, USA).

2.4. Phylogenetic Analysis

Pairwise alignment, comparisons, and visualization of genomes were conducted
using BioEdit version 7.2.0 (http://www.mbio.ncsu.edu/BioEdit/page2.html accessed on
2 March 2023). Bootstrapped, neighbor-joining phylogenetic trees with 1000 replicates were
constructed using MEGA X [20]. Genetic distances were evaluated using the best-fitting
substitution model. For HRV phylogenetic analysis, the HRV sequences of the present
study were compared with the closest sequences upon blasting, in addition to the HRV G1
lineage represented by G1P [8] and G9 lineage including G9P [8], since the latter genotypes
were recorded with high prevalence in Saudi Arabia and surrounding countries [21-23].
The G12 lineage was used as the outgroup.

2.5. Statistical Analysis

Normally distributed continuous data were displayed as mean (¥) £+ standard de-
viation and were analyzed using Pearson’s correlation as convenient. Non-parametric
data were analyzed using the Mann-Whitney U test. Categorical data were presented as
frequencies and were analyzed using the x? test. Moreover, multivariate logistic regression
analysis was conducted to define the independent risk factors. p < 0.05 was regarded as
statistically significant. The relationships between both viruses (as dependent variables)
and meteorological factors (as independent variables) were fitted using linear curve fitting.
Statistical analyses were conducted using the XL-STAT statistical package software (Ver.
2019, Excel Add-ins soft SARL, New York, NY, USA).

3. Results
3.1. Clinical Demographics

We collected stool samples from 100 patients, including 52 males and 48 females
(male:female, 1.083:1), from February 2017 to January 2018. The patients were aged between
2 months and 68 years.

3.2. Gender- and Age-Based Distribution of HRV and HAdV

Overall, HAdV had the highest prevalence (7%), followed by HRV (2%). On a gender
basis, HAdV infections were more dominant in females than in males (5:2) (U = 407.5;
p <0.0001), whereas HRV was mainly prevalent in males (U = 50; p < 0.0001). On the
other hand, the age-based distribution showed that most patients were 3-5 years old
(4/19; 21.1%; (X) = 3.5 £ 0.6), followed by under 3 years old (2/42; 4.76%; (X) = 2 months)
in HAdV cases (x> = 22.23; p = 0.00047). Strikingly, one HAdV case was recorded in a
54-year-old patient. In HRV cases, cases were equally distributed in under 3-year and 3- to
5-year-old groups (1/2; 50%; (¥) = 3.5 £ 2.12) with a male dominance (Table 1). Moreover,
in patients aged <5 years, an HRV prevalence of 3.27% (2/61) was recorded. Furthermore,
HRYV infections were absent in children above 5 years old and adults. However, there was
an insignificant association between HRV prevalence and age (x? = 1.859; p > 0.05).
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Table 1. Gender and age distribution of patients with HAdV and HRV infections.
Age (Years) HRYV Cases HAdV Cases
Male Female Total (%) Male Female Total (%)

<3 1/27 3.7%)  0/15 (0%) 1% 1/27 37%)  1/15 (6.7%) 2%

35 1/9(111%)  0/10 (0%) 1% 0/9 (0%) 4/10 (40%) 4%

6-12 0/13 (0%) 0/19 (0%) 0% 0/13 (0%) 0/19 (0%) 0%

13-18 0/1 (0%) 0/3 (0%) 0% 0/1 (0%) 0/3 (0%) 0%

19-60 0/1 (0%) 0 0% 1/1 (100%) 0 1%

60+ 0/1 (0%) 0/1 (0%) 0% 0/1 (0%) 0/1 (0%) 0%

Total (%) 2/52(3.8%)  0/48 (0%) 2% 2/52(3.8%)  5/48 (10.4%) 7%

3.3. Temporal Distribution of HAAV and HRV

HAdV had a higher prevalence in autumn and early winter, followed by spring;
however, there were no cases in summer (Figure 1). Likewise, the recorded cases were
the lowest (14%) in summer, unlike in autumn (39%). HRV infection occurred equally in
autumn and winter. Notably, both HRV and HAdV were detected in January, although
fewer diarrheal cases were recorded during this month (Figure 2). Such distribution patterns
mandated the study of environmental (meteorological) influences on the prevalence of
HRV and HAdV.
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Figure 1. Seasonal prevalence of HAdV and HRV cases in patients between February 2017 and
January 2018.

3.4. Temperature Impact on HAAV and HRV Prevalence

The recorded cases were the highest at moderate temperatures (high: 35 °C, low:
22 °C). The lowest prevalence generally occurred in summer at high temperatures (high:
43.6 °C—45.9 °C, low: 30.4 °C-33.5 °C), particularly in June (Figure 2a). Likewise, the HAdV
prevalence displayed the same pattern. However, HRV favored even lower temperature
ranges (high: 20 °C-35 °C, low: 9 °C-22 °C). Despite the observed pattern, temperature
had an insignificant influence on the prevalence of both viruses (p > 0.05) (Table 2).

3.5. Humidity Impact on HAdV and HRV Prevalence

HRYV cases were only detected at a moderate relative humidity range (high: 4144,
low: 17.7-41; p = 0.502) (Figure 2b). However, HAdV cases were equally distributed across
all relative humidity ranges from low (high: 27%, low: 14%) to moderate (high: 44%, low:
17.7%) to high relative humidity (high: 75%, low: 26%) (p = 0.404). Consequently, HRV
and HAdV were insignificantly affected by relative humidity (p > 0.05). However, the total
number of cases was significantly correlated with relative humidity (p = 0.011) (Table 2).
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Figure 2. Environmental influences, involving (a) temperature, (b) humidity, and (c) wind speed, on
HRV and HAdV prevalence and total number of recorded cases.
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Table 2. Significance of the influences of environmental factors on the prevalence of both viruses and
associated diseases.

o Assodiated Discases K& RMSE Equation *
High temperature HAdV 0.449 0.469 Prevpaqy =034 +3.3 x 1072 x Ty
(Tw) HRV 0.002 0.534 Prevpry = 0.32 — 1.76 x 1073 x Ty
Low temperature HAdV 0.099 1.2 Previiaqy = 1.52 — 346 x 1072 x Ty,
(To) HRV 0.134 0.497 Prevpry = 0.54 — 1.7 x 1072 x Ty,
Relative humidity HAd4V 0.140 0.830  Prevjaqy = 1.53 — 1.4 x 1072 x RH%
(RH%) HRV 0.216 0473  Prevpry = 0.68 — 1.04 x 1072 x RH%
Wind speed (WS) HAdV 0.079 1.051  Prevyaqv = 1.36 — 527 x 1072 x WS
HRV 0.47 0.389 Prevyry = 0.72 — 6.27 x 1072 x WS

Prev denotes the prevalence of the virus. ** These equations, resulting from metrological data analysis, can be
used for future prediction of HAdV and HRV incidences, relying on provided environmental data.

3.6. Influence of Wind Speed on HRV and HAAV Prevalence

HAAJYV infections were significantly associated with recorded diarrheal cases (p = 0.018)
and occurred at all ranges of wind speed, including low (0.24 Km/h), moderate (12.9 Km/h),
and high (17.7-20.9 Km/h) (Figure 2c). Moreover, HRV was detected at both high (17.7 Km/h)
and low wind speeds (0.24 Km/h). Therefore, there was an insignificant influence of wind
speed on HRV and HAdV prevalence (p = 0.77 and 0.796, respectively) (Table 2).

3.7. Prevalence of G2 Lineage of HRV in Patients

Phylogenetic analysis showed a consistent relationship between the two HRV se-
quences (SAU/SA-01/10.24.17 and SAU/SA-02/1.20.18) and the lineage G2 rather than
lineage G1 and G9 (Figure 3). Pairwise distancing showed the highest closeness of
SAU/SA-01/10.24.17 (d = 0.0058) to sequences from Iraq (IRA/50/2016/G2), Turkey
(TUR/TOKAT/2016/G2 and TUR/FYON/2015/G2), China (CHN/G17081040/2017 /G2P4,
CHN/G12021182/2012/G2P4, and CHN/SH-RV76/2015/G2P4), Russia (RUS/O806/2011/
G2P4, RUS/01270/2011/G2P8, and RUS/Nov11-N1936/2011/G2P8), South Korea (KOR/
Seoul1602/2011/G2P8), Thailand (THA /B4285/2017 /G2P8), Belgium (BEL/BE34/2006/
G2P4), and Indonesia (IDN/BL-5210/2006/G2P4). Moreover, the other HRV sequence
(SAU/SA-02/1.20.18) was closer to the same above sequences (d = 0.054) than to the
SAU/SA-01/10.24.17 detected in the patients (4 = 0.06) (Table S1). Remarkably, Saudi
Arabian sequences belonging to the G1 lineage, in particular SAU/Taif-1,/2013/G1P8
(d = 0.235 and 0.26), were more related to our sequences than to the Lebanese sequence
LBN/A167/2013/G1P8 (d = 0.3096 and 0.287).

The accession numbers of the sequences used in the phylogenetic analysis of HRYV,
sequence nominations, and abbreviations are included in Table S2. We describe the tree
with the greatest log-likelihood (—732.53). The Neighbor-Join and BioN]J algorithms were
applied to a matrix of pairwise distances for primary tree generation comparison and top
log-likelihood topology selection. Some sites were considered evolutionarily invariable
([+1], 51.65% sites) according to the substitution model selection (Table S3). The branch
lengths were estimated using the substitutions/site count for tree scaling. A total of
173 positions existed in the final dataset.

3.8. Predominance of HAAV Type 41

The phylogenetic analysis depicted a typical relationship of these hexon sequences of
HAGJV to serotype 41 of F species rather than serotype 40 of HAdV (type F) (Figure 4). Pair-
wise distancing revealed that the Brazilian sequence (HAdV/BRA /IAL-AD178/2016/41)
was similar to HAdV/SAU/10.25.17 (d = 0) (Table S4). Moreover, the latter sequence
was close to three other Brazilian sequences (BRA/IAL-AD178/2016/41, BRA /IAL-
ADB89/2014/41, and BRA /TAL-AD09/2016/41) and the HAdV /SAU/10.25.17 sequence
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(d =0.00384). Additionally, the Brazilian strain (HAdV/BRA/IAL-AD99/2015/40) was the
closest sequence among serotype 41 to the HAdV/SAU/10.25.17 sequence (d = 0.0393) in
the present study.

USA/CNMC122/2011/G12P8 7 outgroup

100 |— SA/MD28/2007/G9P8
LBN/H256/2013/G9P8
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[ era/ip-393 MG/2010/G2p4
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Figure 3. Phylogenetic tree for the VP7-derived sequences of HRVA generated by maximum likeli-

hood method and Tamura 3-parameter model. O Refers to HRV sequences (bold italic) belonging to
this study.

The accession numbers of the sequences used in the phylogenetic analysis of HAdV, se-
quence nominations, and abbreviations are included in Table S5. The highest log-likelihood
tree (—733.50) is displayed. The percentage of the clustered taxa-based trees is provided
next to the branches. Both the Neighbor-Join and BioN]J algorithms were applied to the
maximum composite likelihood-mediated pairwise distance matrix to yield the initial
tree(s) for the heuristic search followed by higher log-likelihood topology selection. The
Jukes—Cantor substitution model was used based on the best-fitting model selection for
phylogenetic tree generation (Table S6). The tree is drawn to scale, with branch lengths
measured as the number of substitutions per site. The horizontal distance linking two
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hexon sequences is proportional to the genetic distances between the inter-hexon sequences.
There were a total of 261 positions in the final dataset.

HAdV/CHN/GZ20191121/026/2019/€4 _] Qutgroup
HAdV/UK/Dugan/1990/40
88 | HAdV/JPN/Dugan/2007/40
HAdV/SA/SA12303/2014/40
= HAdV/FIN/HoviX/1979/40
HAAV/BRA/IAL-AD39/2015/40
HAAV/BRA/IAL-AD694/2016/40
HAdV/BRA/IAL-AD178/2016/41
O HAdv/sA/11.25.17
& HAdV/5A/10.25.17
i1 & HAdV/5A/1.23.18
O Hadv/sa/10.12.17
o — O Haav/sa/12.13.17
———-—— < HAdV/54/0.15.17
HAdV/BRA/IAL-AD09/2016/41
HAdV/BRA /IAL-AD89/2014/41
& Hadv/sA/3.31.17
HAdV/IRQ/MU35/2016/41
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— HAdV/NETH/Tak/2007/41
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HAdV/CHN/D4/2011/41
—_
0.02

Figure 4. Phylogenetic tree for the HAdV hexon sequences constructed using maximum likelihood

method and Jukes-Cantor model. o Denotes HAdV sequences (bold italic) belonging to this study.

4. Discussion

Diarrhea is a potential health issue globally and is considered the fourth leading cause
of under-5 mortalities [24]. We found a higher dominance of diarrheal cases associated with
viral infections (9%), which is lower than that previously reported in Saudi Arabia (21%) [25]
and Qatar (48%) [26]. This discrepancy could be because of the spatial and temporal
variations, sample size differences, and overwhelming infantile contributions. However,
a closer or even lower virus-mediated diarrheal prevalence of approximately 7% post-
vaccination program implementation was recorded in Andhra Pradesh, India [27]. Likewise,
the Saudi national immunization program was reported to decrease viral-mediated GE
from 31% in 2012 to 3.9% in 2015, which concurs with the further decline in GE depicted in
our study [28].

On the other hand, the majority of HRV cases were males, which is in agreement
with a previous study [28]. However, HAdV was more prevalent in females than in
males, contrary to those reported elsewhere [29]; this could be because of geographical
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differences. Moreover, according to other studies, the prevalence of HAdV and HRV
was high in children younger than 5 years [30,31] which supports our findings. Despite
the higher prevalence of HRV in this age group, an insignificant difference was noted, s
depicted in previous results [32]. A decade after Taiwan's introduction of the rotavirus
vaccination, children under the age of five who were admitted with acute gastroenteritis
to 10 hospitals in Taiwan depicted an 8.7% rotavirus detection rate [33]. Similarly to our
findings, studies in Belgium and Lebanon reported a rotavirus prevalence of 6.4% and
13.6%, respectively [34,35]. In Japan, the prevalence of HRV was recorded between 2014
and 2020 in patients with acute gastroenteritis after the initiation of the vaccine program.
The rates of HRV detection dropped from 44.7% (2014-2015) to 35.4% (2018-2019); however,
no HRYV cases were detected in the samples collected during 2019-2020 [36].

However, these studies described a significantly higher HRV prevalence than that in
the present study, which is due to their restricted study of <5-year-old patients. Further-
more, the rotavirus vaccination was added to the National Immunization Program in Saudi
Arabia in 2013 with a two-dose schedule at the ages of 2 and 4 months [37], and lower
HRYV prevalence may be attributed to the efficacy of the vaccination program. Similarly,
in the United States during the post-vaccination period (2007-2018), the median annual
percentage of rotavirus tests that were positive decreased from 25.6% (range: 25.2-29.4%) to
6.1% (range: 2.6-11.1%) between the pre-vaccine and post-vaccine periods [38]. Moreover,
in Finland, during the post-vaccination period (2008-2018), a very low level of rotavirus
incidence (<5/10,000 children) was reported [39].

The seasonal impact on HAdV and HRV prevalence has been intensively studied;
however, various findings have been obtained. Higher HRV prevalence was reported
in winter (n = 4) in Lebanon [35], China [40], India [27], and Eastern Mediterranean
region (n = 1) [41]; autumn and winter (1 = 1) in Saudi Arabia [42]; late autumn together
with winter and early spring (n = 1) in Bangladesh [30]; summer (n = 2) in Egypt and
Yemen [43,44]; and in all seasons (n = 1) in Pakistan [32]. In our study, HRV was detected
in autumn and winter, similar to that reported in Saudi Arabia [28]. However, HAdV had
the highest prevalence in winter (1 = 1) in Italy [45], autumn (n = 1) in Iran [46], and spring
(n =1) in Saudi Arabia [13]. We found a higher HAdV prevalence in autumn, unlike that
depicted earlier in Saudi Arabia [13]. The shift in the HAdV prevalence pattern could be
justified by temporal differences. Likewise, a 20-year retrospective surveillance conducted
in Switzerland uncovered a seasonal shift of notable HAdV peaks from spring in 1998 to
summer in 2009 to winter in 2010 [47].

Moreover, a higher HAdV prevalence was detected at lower temperatures in autumn
and winter, which agrees with previous findings [28]. However, Xie et al. recorded a
higher HAdV prevalence in summer in China because of spatial differences [48]. Moreover,
HRYV was predominant at lower temperatures, as reported previously [23]. The present
study showed moderate humidity as the favorable condition for HRV, whereas HAdV
had the same prevalence at all humidity levels. However, Arowolo et al. noted that
HAGJV prevalence was greater in dry environments with low humidity [49]. Similarly,
HRYV was found to be more prevalent in the dry season with low temperature and lower
humidity, which disagrees with our outcomes [49,50]. This contradiction is due to the
climatic differences (the latter study was conducted in a tropical climate). Furthermore,
low temperature and low humidity may enhance the survival of enteric viruses in pediatric
GE [51]. Additionally, a previous study identified a correlation between wind speed and
peak viral activity [52]. On the other hand, an insignificant impact of wind speed on both
HRYV and HAdV was observed in our study. The observational difference is due to the
different viruses inspected in the previous study, as well as the geographical preferences.
In addition, wind speed did not influence viral seasonality elsewhere, which agrees with
the present finding [53].

On the other hand, phylogenetic analysis of HRV showed that it was entirely clustered
in lineage G2. However, G1 was frequently reported as the prevalent lineage of HRV, as
reported by several studies in Saudi Arabia, Lebanon, and Bahrain [22,23,54]. G3 was the
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most prevalent genotype in Qatar [55]. A recent study highlighted a surge in G2 incidence,
particularly the G2P [4] genotype, notably after vaccination, which could partially justify
our results [21]. Thus, vaccination-mediated selection pressure may have favored G2 rather
than G1 of HRVA. However, the discrepancy in the Qatar findings could be due to the
expats’ contribution, comprising over 80% of the community structure, which might have
resulted in the supremacy of the G3 genotype [56]. Moreover, HAdV phylogenetic analysis
revealed that the HAdV serotype 41 was prevalent in all detected patients. HAdV types
40 and 41 were detected in diarrheal patients from Riyadh, Jeddah, and Mecca in Saudi
Arabia, which agrees with our observations of our detected sequences being clustered along
with HAdV type 41 [13]. Species F is usually associated with acute GE in children [57].
Eventually, the current study was limited by the number of diarrheal cases admitted to
KKUH during a one-year period (i.e., the sample size was too small), which might not be
adequate to correlate the rates of positive cases with factors, such as gender and temporal
factors. Moreover, other infectious agents could have attributed to the incidence of these
cases. However, our study intended to detect viral gastroenteritis cases, particularly HAdV-
and HRV-related cases. In conclusion, the present study uncovered the HRV and HAdV
types and their epidemiology among hospitalized patients in KKUH from February 2017 to
January 2018. Additionally, type analysis is necessary when realizing any imported new
strains that could affect vaccination efficacy, as in the case of HRYV, or result in different
diseases, as in the case of HAdV. Our study of meteorological factors” influences on the
prevalence of both viruses provided prediction equations, which are useful for monitoring
the incidence of climatic-mediated outbreaks. It is recommended that in future studies,
multiple hospitals and health care settings should be included and a larger sample size
including different age group subjects should be investigated. Moreover, other enteric
viruses causing gastroenteritis and acute diarrhea, such as Norvovirus, Astrovirus, hepatitis
A virus, hepatitis E virus and Sapovirus, including environmental factors associated with
the disease, should be analyzed for the assessment of possible occurrence patterns or
attributing factors for future outbreaks.
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