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Abstract: Adenoviruses are considered one of the most persistent enteric pathogens that can penetrate
entire aquifer matrices. An ongoing monitoring of irrigation water is essential to mitigate potential
public health risks. We investigated the prevalence of human adenoviruses (HAdV) in the ground-
water discharge basins of Aluraiji (AW-DB) and Diriyah (DW-DB) and in the irrigation water of Al
Harriq (H-IW) and Al Hayer (AH-IW) from January to December 2021. The meteorological impact
(temperature, relative humidity, and wind speed) on HAdV prevalence and molecular diversity was
investigated by targeting a selected region of the Hexon gene. The samples were concentrated using
the polyethylene glycol precipitation (PEG) method. HAdVs were detected using PCR and sequenced
by Sanger sequencing, and phylogenetic analysis was performed. The highest HAdV prevalence
was recorded in H-IW, AH-IW, and DW-DB (100%). HAdV sequences were found to be closely
related to species F (type 41) with a predominance of the 00-2B64 sequence (86.4%). Phylogenetic
analysis depicted a close relationship of this study’s isolate 00-2B64 to a Brazilian and Saudi isolate,
whereas 08-2B64 was found to be related to a sequence from an AnNazim landfill (LF1; d = 0.00) from
Riyadh, Saudi Arabia. A high HAdV prevalence was recorded at a temperature range of 19–28 ◦C,
wind speed was recorded at a range of (16–20 km/h), and relative humidity was recorded at a range
of (15–25%). Meteorological variations exhibited no significant effect on the prevalence of HAdVs.
The findings provided data on HAdV prevalence and predominant species in the irrigation water
of Riyadh, Saudi Arabia and presented information regarding the environmental effects of HAdV
persistence. In public health contexts, this will help in the planning of disease control strategies.

Keywords: human adenovirus; irrigation water; meteorological factors; HAdV-F41; Riyadh

1. Introduction

Groundwater, revered as an invaluable natural resource, plays a pivotal role across
various sectors, including agriculture, industry, and domestic water supply. Its significance
stems from its reliability, quality, and extensive use in irrigation systems. When compared
to surface water, treated water, and other alternative sources, groundwater is widely
acknowledged for its inherent microbiological safety, owing to natural filtration processes
as it percolates through layers of soil and rock. This filtration mechanism helps to reduce
the presence of pathogenic microorganisms, rendering groundwater a relatively safer water
source for human consumption and irrigation purposes. However, it is susceptible to
contamination by environmental enteric viruses [1]. Additionally, the abundance and
survival rates of viruses in a water environment are incredibly high in feces (including
human and animal enteric viruses). As a result of their persistence and prevalence, enteric
viruses become pollutants in environmental waters. They have the potential to contaminate
water utilized for irrigation, aquaculture, recreation, and drinking purposes [2]. Moreover,
irrigation water is a crucial factor for the virus contamination of fresh produce, and is,
therefore, a critical control point to be integrated into food safety management [3]. There are
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seven HAdV species that are currently characterized, ranging from A to G [4]. Adenoviruses
infections may lead to clinical symptoms, such as gastroenteritis in children, which is linked
to HAdV serotypes 40 and 41 [5]. Many human adenoviruses are responsible for respiratory
diseases such as upper respiratory tract infection and pneumonia [6]. A HAdV species
B infection is related to severe illness, including urinary tract infections [7]. In 2022, a
total of 650 cases of emerging hepatitis was reported from 33 countries suspected to have
links to HAdV-F41, based on laboratory findings. So, precautionary measures including
the surveillance and establishment of backward linkages should be adopted to prevent
its spread [8]. Adenoviruses have been a significant pathogen after the rotaviruses that
cause diarrhea in children in Saudi Arabia [9–11]. Due to adenoviruses’ high stability and
resistance to environmental conditions, their occurrence and spreading have increased
worldwide; for this reason, a wide variety of HAdV serotypes have been found in the
matrices of water such as surface, treated, river, recreational, and groundwater throughout
the world [3,12–15]. Adenoviruses can be spread through contact with contaminated
surfaces or objects, as well as through the air in the form of small droplets; however, viral
transmission between contaminated water from environmental sources and humans is
crucial. Direct sequencing of PCR amplicon and sequence analysis of cloned PCR amplicon
are two methods commonly used to study adenoviruses in aquatic environments [16]. Few
previous studies highlight the prevalence and seasonal differences of aquatic HAdVs in
the Kingdom of Saudi Arabia [17]. Various studies reported utilizing adenoviruses as
an indicator for quality in different types of water reservoirs [12,18,19]. In addition, the
WHO recommended the detection of more than one of the enteric viruses to ascertain a
high level of quality in water. These enteric viruses include enteroviruses, adenoviruses,
rotaviruses, caliciviruses, HAVs, HEVs, and astroviruses. Recently, the Environmental
Protection Agency (EPA/USA) has published the Contaminant Candidate List 5 (CCL 5),
which contains the most important microbes for water pollution, and HAdVs was reported
at the top of the list [20]. Consequently, the importance of studying and monitoring the
seasonal changes of adenoviruses in irrigation water becomes apparent as a detector for the
presence of contaminations by humans [21]. There are five primary water resources in Saudi
Arabia including water desalination, renewable and non-renewable groundwater, surface
water, and treated wastewater. The kingdom mainly depends on the water of groundwater
aquifers. A majority of the water resources are used for agricultural purposes. The total
demand for water in Saudi Arabia during the year 2021 reached more than 14,264 million
cubic meters (m3), of which 25% were for urban purposes, 5% for industrial purposes,
and 70% for agricultural purposes, according to the latest statistics from the Ministry of
Environment, Water and Agriculture. Among the limited water resources that are available,
the KSA mainly depends on the water of groundwater aquifers. The agricultural sector
consumes a large amount of water, which mainly comes from deep groundwater aquifers.
Consequently, the number of wells increased dramatically to 155,324, of which 72,073 wells
were established in the Riyadh region alone followed by 50,000 wells in the Northern
region including the Qassim region, 12,597 wells in the Southern region, 11,510 wells in
the Eastern region, and, lastly, 9066 in the Western region, as stated in the statistical data
of the Ministry of Environment, Water and Agriculture, Saudi Arabia [22]. Waterborne
infectious diseases pose a silent threat to public health. Therefore, we must continue to
expand our investigation of their presence in environmental waters to fully understand and
appropriately prepare for any expected outbreaks [23]. This study is of particular interest,
since the regional burden of waterborne infectious diseases poses ongoing public health
concerns [24]. In Saudi Arabia, the presence and extent of enteric virus contaminations in
groundwater are unexplored. This study aimed to evaluate the prevalence and genotyping
of HAdVs for a period of one year from different irrigation water sources in the Riyadh
region. By continually monitoring HAdV prevalence, conducting molecular serotyping,
and investigating the influence of meteorological factors, we can better comprehend the
epidemiology and transmission patterns of these viruses in different water environments.
Overall, understanding the viral contamination of water is expected to provide an effective
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system for achieving the new sustainable development goals of Saudi Vision 2030 and a
national shift towards progress in the safety of irrigation water sources.

2. Materials and Methods
2.1. Samples Collection

Forty-eight samples of irrigation water were collected in sterile polypropylene bottles
from 4 different locations in the Riyadh region, Saudi Arabia, including Al Harriq (H-IW)
(23◦36′57.6′′ N 46◦31′15.3′′ E), which is located 250 km south-west of Riyadh; Al Hayer
(AH-IW) (24◦23′09.6′′ N 46◦51′28.7′′ E), which is located south of Riyadh; Aluraiji (AW-DB)
(24◦43′46.9′′ N 46◦34′24.7′′ E); and Diriyah (DW-DB) (24◦43′42.4′′ N 46◦34′29.5′′ E), as
presented in Figure 1. From January to December 2021, four samples were taken on
a monthly basis. Sampling points included Al Harriq and Al Hayer reservoir discharge
endpoints, Aluraiji and Diriyah well-dependent discharge basins. Water samples, measured
at 200 mL for each, were collected by washing the bottle twice from the same source before
taking the sample. The samples were immediately transferred to the laboratory using a
cooler box at approximately ≈4 ◦C. On the sampling day, the meteorological data of the
temperature, relative humidity, and wind speed was recorded from the online website
AccuWeather (https://accuweather.com, accessed on 7 August 2023).
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g/L were combined, and the mixture was agitated at 100 rpm for two hours at room 

Figure 1. The locations of collected samples from the Riyadh region: (A,C) Aluraiji (AW-DB) and
Diriyah (DW-DB), 13711, groundwater well-dependent basins; (B) Al Harriq (H-IW) 16564, ground-
water water reservoir; (D) Al Hayer (AH-IW), Riyadh, 14582. Google Maps, 2021.

2.2. Virus Concentration

The water samples (200 mL) were concentrated using polyethylene glycol
precipitation [25]. In 200 mL of the water sample, a glycine buffer (0.05 M glycine,
0.3 g/L beef extract, PH = 9.6) was added and centrifuged at 8000× g for 30 min. A
0.2-µm syringe filter was used to filter the supernatant (Corning, NY 14831, USA). NaCl
17.5 g/L and PEG 80 g/L were combined, and the mixture was agitated at 100 rpm for two
hours at room temperature. The mixture was centrifuged at 10,000× g for 20 min. The pellet
was resuspended in 1 mL of Phosphate Buffer Saline [26] and stored at −80 ◦C until the
next application.

https://accuweather.com
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2.3. The Nucleic Acid Extraction and Amplification of the Specific Hexon Gene

Nucleic Acid from 200-µL of a sample was extracted by using the PowerViral® Environmen-
tal RNA/DNA Isolation Kit (MO BIO, Carlsbad, CA, USA), and the Hexon target gene sequence
of HAdV was amplified using 2x Phusion Master Mix (Thermo Fisher Scientific, Waltham, MA,
USA). The 50-µL PCR mixture consisted of 25 µL of Master Mix, 5 µL DNA template, 1-µL
(10-pmol) forward primer (AdFhex-F; 5′-GCCACCGATACCTACTTCAGCCTG-3′), and 1-µL
(10-pmol) reverse primer (AdFhex-R; 5′-GGCAGTGCCGGAGTAGGGTTTAAA-3′) [27];
18-µL RNase-DNase-free water were added, and PCR were carried out at 98 ◦C for 30 s, led
by 40 cycles of 98 ◦C for 10 s, 72 ◦C for 30 s, and a final extension at 72 ◦C for 10 min and
stored at 4 ◦C until the next application.

2.4. Purification and Sanger Sequencing

The amplicons were analyzed by gel electrophoresis using a 1.5% agarose gel (Cleaver,
UK). A PCR product of 261 bp was cleaned up using Wizard SV Gel and the PCR Clean-
Up System (Promega Co., Madison, WI, USA) and sequenced both forward and in a
reverse direction using the BigDye Terminator Kit by ABI genetic analyzer 3130Xl (Applied
Biosystems®, Carlsbad, CA, USA), following the manufacturer’s instructions. Two µL
of 5 X Sequencing Buffer, 4 µL of BigDye Terminator, the bidirectional of 1 µL of primer
(Forward/Reverse), 1.5 µL of sample, and 11.5 µL of RNase-DNase-free water were used.
The cycle sequence was carried out at 96 ◦C for 1 min, followed by 35 cycles of 96 ◦C for
20 s, 72 ◦C for 15 s, and 60 ◦C for 4 min. Sanger sequences were then obtained by using the
ABI genetic analyzer 3130 Xl (Applied Biosystems).

2.5. Phylogenetic Analysis

The Clean-Up and assembly of both directions of obtained sequences were done
using Bioedit software, whereas the MEGA 11was used to analyze HAdV nucleotide se-
quences [28]. HAdV sequences were compared with closet sequences using the Basic Local
Alignment Search Tool (BLAST) server from GenBank. A total of 86 related sequences of
adenoviruses were analyzed with our sequences using the ClustalW tool on a default set-
ting with an opening penalty of 15 and extension penalty of 6.66 (MEGA). Using a minimal
Bayesian Information Criterion, a phylogenetic tree was created in accordance with the best-
suited model for nucleotide substitution. Using the Kimura 3-parameter model, genetic
distances were estimated (Supplementary Table S3). The name of all isolates was abbreviated
on the phylogenetic according to the following formula: Species/Country/Isolate/Year/Type.
Our six isolates were denoted by a red characterization.

2.6. Prevalence

The prevalence of HAdVs in water samples was determined with PCR and calculated
according to the following formula: (P = Np/Nt × 100), where P refers to the prevalence
of HAdVs, Np denotes the number of positive samples, and Nt is the number of total
samples. The following formula was calculated regarding HAdV prevalence with differ-
ent meteorological factors: (MP = Np/NL × 100), where MP refers to the prevalence of
HAdVs according to the meteorological factor, Np denotes the number of positive sam-
ples, and NL is the number of total samples in the investigated location. We categorized
daily temperature to two groups: Low Temp (9–18 ◦C, 19–18 ◦C, 29–38 ◦C) and High
Temp (20–29 ◦C, 30–39 ◦C, 40–49 ◦C). Wind speed (5–10 km/h, 11–16 km/h, 17–22 km/h,
23–28 km/h) and relative humidity (15–25%, 26–36%, 37–47%, 48–58%, 59, 69%) were
also categorized.

2.7. Statistical Analysis

The XL-STAT statistical package software program (Ver. 2019, Excel Add-ins soft
SARL, New York, NY, USA) was used to conduct all statistical analyses. A one-way
analysis of variance was carried out to determine the significance of the correlation between
temperature, relative humidity, wind speed, and the prevalence of HAdV.
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3. Results
3.1. The Prevalence of Human Adenoviruses

Out of 48 water samples tested, 47 showed a positive PCR. HAdVs were present
overall, with (97.9%) prevalence indicated by the detection of the 261-bp Hexon gene
amplicon as shown in (Figure 2).
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Figure 2. PCR Product gel image. Lane 1 and 9, DNA Ladder GelPilot 100-bp Plues Ladder
(100–10,000 bp), Lanes 2 to 5 for January (H-IW, AH-IW, AW-DB, DW-DB, respectively), lanes 6 to 8 and
10 for February (H-IW, AH-IW, AW-DB, DW-DB, respectively), lanes 11 to 14 for March (H-IW, AH-IW,
AW-DB, DW-DB, respectively), 261-bp HAdV amplicons. Lane 15, negative control (Nuclease-free water).
Lane 16, HAdV positive control (provided by King Khalid University Hospital).

The prevalence of HAdVs in the four sites was as follows: Al Harriq (100%), Al Hayer
(100%), Aluraiji (91.6%) and Diriyah (100%), respectively. The presence of HAdV type F-41
in the positive samples was confirmed by Sanger sequencing.

3.2. The Predominance of Human Adenovirus F Serotype 41

All samples positive for an HAdV were sequenced and compared to sequences avail-
able in the GenBank database with the BLAST tool. Hexon gene (261-bp) amplicon se-
quences showed a typical relationship with serotype 41 (Type F) (Figure 3). Six separate
HAdV isolates were found by pairwise distance analysis, and they all displayed a strong
relationship to type 41, since they belonged to the same branch. The red italicized sequences
on the phylogenetic tree (Figure 3) indicate this study’s accession numbers (OP784580,
OP784581, OP784582, OP784583, OP784584, and OP784585). Furthermore, in all sites, the
isolate (HAdV/SA/00-2B64/2021/IW) was the most predominant (86.4%) compared to
other isolates. The genetic tree analysis showed the isolate clustering to other isolates
from Brazil and Saudi Arabia. Interestingly, this isolate showed zero-distance (d = 0.00) in
evolutionary divergence with the following isolates from Brazil: MH201101, MH152686,
MW088515, MW088507, MT341422, MT341352, MH223626, MW088519, MH251892, and
MH152673, as well as the Saudi Arabian isolate MW936375. On the other hand, the iso-
late (HAdV/SA/08-2B64/2021/41) showed a close relationship to an MW936373 isolate
recovered in 2018 from an AnNazim landfill (d = 0.00) in Riyadh, Saudi Arabia. Moreover,
(HAdV/SA/01-2B64/2021/41) and (HAdV/SA/27-2B64/2021/41) showed a close rela-
tionship to the Brazilian isolate with the accession number (MH201101) (d = 0.0038) rather
than (HAdV/SA/45-2B64/2021/41) (d = 0.0078) (Supplementary Table S2).
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3.3. The Distribution Isolates of Human Adenovirus F Serotype 41

Remarkably, the isolate HAdV/SA/00-2B64/2021/41 with the accession numbers
(OP784585) was the most observed in all different locations with various temperatures, wind
speeds, and humidity, at a prevalence of (86.4%) in comparison with the other five isolates
(Table 1). Otherwise, the isolates HAdV/SA/01-2B64/2021/41, HAdV/SA/08-2B64/2021/41,
HAdV/SA/22-2B64/2021/41, HAdV/SA/42-2B64/2021/41, and HAdV/SA/45-2B64/2021/41
were observed once during the study period. Notably, 3 out of 6 isolates were detected in
(AH-IW) (Table 2).

Table 1. The detection of adenoviruses during a 12-month period by PCR according to location.

Month (H-WI) (AH-IW) (DW-DB) (AW-DB)

January + + + +
February + + + +
March + + + +
April + + + +
May + + + −
June + + + +
July + + + +
August + + + +
September + + + +
October + + + +
November + + + +
December + + + +

Table 2. The distribution current isolates of HAdVs in 2021 with different meteorological factors.

Isolates Accession Numbers Location Month High Temp (◦C) Low Temp (◦C) Wind Speed (km/h) Humidity (%)

00-2B64 OP784585 All sites From January
to December 20~49 9~38 5~28 15~36–>58

01-2B64 OP784580 AH-IW January 23 9 12 48
08-2B64 OP784581 AH-IW February 37 25 12 12
27-2B64 OP784582 AW-DB August 44 29 20 15
42-2B64 OP784583 H-IW September 40 22 22 7
45-2B64 OP784584 AH-IW November 26 14 14 23

3.4. The Influence of Metrological Variation on HAdV Prevalence

Generally, HAdVs were detected in all 12 months of the year 2021 (except for May
2021) in the (AW-DB) site. However, statistical analysis showed that meteorological factor
variations were observed to have no significant effect on the prevalence of HAdV in all four
sites (Table 3). The lowest temperature ranges (19–28 ◦C) saw the highest HAdV prevalence
in the four sampling locations. Noticeably, the (H-WI) site had the highest prevalence
detected at 58.3% in the temperature range 19–28 ◦C, with the lowest prevalence detected at
16.6% in a high temperature range of 30–39 ◦C. In (DW-DB), different temperature ranges
showed no effect on the prevalence of HAdVs (Figure 4).

Table 3. A statistical analysis of meteorological factors on the prevalence of HAdVs.

Sampling Area Meteorological Factor R2 RMSE Equation

DW-DB
Wind speed 0.193 2.133 %Prev = 5.33 − 0.166 ×W
Humidity 0.571 1.788 %Prev = 7.581 − 0.145 × H

Temperature 0.230 13.873 %Prev = 1.99 + 0.09 × T

AW-DB
Wind speed 0.128 2.857 %Prev = 4.4 − 0.1 ×W
Humidity 0.571 1.788 %Prev = 7.581 − 0.145 × H

Temperature 0.230 13.873 %Prev = 1.99 + 090 × T

AH-IW
Wind speed 0.300 2.017 %Prev = 4.4 − 0.1 ×W
Humidity 0.500 1.897 %Prev = 6.236 − 0.109 × H

Temperature 0.183 14.293 %Prev = 2.77 + 0.070 × T

H-IW
Wind speed 0.300 1.293 %Prev = 4.4 − 0.10 ×W
Humidity 0.644 1.294 %Prev = 5.50 − 0.10 × H

Temperature 0.041 15.482 %Prev = 3.35 + 0.050 × T

Note(s): %Prev refers to HAdV percentage in different sites. RMSE: root mean squared error. W: (wind speed),
H: (humidity), T: (temperature).
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3.5. Humidity Variations’ Impact on Adenoviruses’ Prevalence

HAdVs were detected with the highest prevalence (66.66%) at the lowest relative
humidity range of 15–25% in the (DW-DB) and (AW-DB) sites, whereas lowest HAdV
prevalence (8.33%) was recorded at high humidity range of 59–69% in all samples’ locations.
Moreover, according to the sampling schedule, no sample was taken in the range (37–47%
and 48–58%) (Figure 5).
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3.6. Wind Speed Impact on the Prevalence of Adenoviruses

The impact of wind speed shows no significance in our study (Table 2). However, the
ranged wind speed 11–16 km/h showed the highest prevalence of HAdVs in all four sites:
50%, 50%, 50%, and 41.66% in AW-DB, DW-DB, AH-IW, and H-WI, respectively. Unlike the
range 23–28 km/h, where it had the lowest prevalence of HAdVs in all sites (Figure 6).
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4. Discussion

Human enteric viruses may result in serious public health concerns because of their
significant stability in different water matrices and low infectious doses [29–31]. The
higher HAdV occurrence prevalence (97.9%) in our study could be due to the dewatered
sludge-receiving landfills in Saudi Arabia that contaminate shallow groundwater aquifers
and disseminate enteric viruses [32,33]. The detection of these viruses in irrigation wa-
ter, even with small amounts, poses a serious hazard to the general populace, especially
young children under the age of ten. Apart from agricultural areas, irrigation water is
used occasionally for recreational purposes, such as swimming in pools, especially by
this age group. In addition, the high prevalence of HAdVs is linked to the survival of
double-stranded DNA and the capacity of HAdVs to persist under natural environmental
settings for a long time. The frequent incidence of HAdVs were reported in several water
environments involving surface water, groundwater, raw water, and even in treatment
plants of wastewater. Likewise, we found HAdVs in all inspected water sources, includ-
ing irrigation and groundwater sources. HAdV prevalence was previously reported in
irrigation water used for restricted irrigation in the northern area of Riyadh [34]. How-
ever, the recorded HAdV prevalence of 52.78% was much lower than that detected in our
study (97.9%). This mismatch may be due to spatial and temporal factors. The highest
prevalence of HAdVs were found in irrigation water in comparison with groundwater.
Pang et al. have reported HAdVs as the most frequently detected virus (48.9%) in private
well groundwater in rural Alberta, Canada [35], whereas Sedji found a (100%) prevalence
of HAdV-F41 over a six-month period in a river located in Northeastern France [36]. In
another one-year study in the United Kingdom, Farkas found a prevalence of HAdVs in
surface water at (88%), raw sewage water at (90%), and treated effluent at (87%) [14]. In
the same manner, the frequency of HAdV detection was significantly higher in surface
water (93–100%) in Nepal [37]. Additionally, HAdVs were detected in a river downstream
(92%) by Pang in six rivers in Canada [31]. HAdV prevalence in raw sewage water and
in Nile water was reported at 100%, whereas treated effluent water exhibited 85% HAdV
prevalence [38]. The results of all the studies above are in line with our results (HAdV
prevalence 97.9%) obtained during a one-year period. The higher HAdV occurrence in
well-dependent discharge basins (91.6–100%) in our study could be due to the dewatered
sludge-receiving landfills in Saudi Arabia that contaminate shallow groundwater aquifers
and disseminate enteric viruses [32,39].

This study explored circulating HAdV serotypes in both ground and irrigation water
and found the entirely recovered HAdV sequences belonging to serotype 41 of species F,
which is the principal cause of infantile acute gastroenteritis [30]. Recently, Nour et al.
detected HAdV type 41 in all water samples including irrigation water, wastewater treat-
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ment plant effluents, wastewater landfills, and lakes in Riyadh, Saudi Arabia, which is
consistent with our findings [34]. Moreover, in the past, HAdV type 41 was documented in
wastewater treatment plants in the Kingdom of Saudi Arabia and even in diarrheal patients
from Mecca, Riyadh, and Jeddah, supporting this study’s observations [32,40].

Moreover, this study revealed the predominance of an HAdV sequence (90%) that had
the closest relationship to a Brazilian HAdV, which could suggest it being an imported
strain. A recent study conducted in Barra da Tijuca at the west coast of Rio de Janeiro
in Brazil, revealed the highest prevalence of HAdV-F species (44%) in hospital sewage
among the other detected species (B and D) [41]. Moreover, the growing requirements
of technology and innovation in Saudi Arabia has led expatriates to represent about a
quarter of the total population, which is associated with imported viral strains from foreign
countries [42]. The AdV08-2B64 sequence recovered from AH-IW was found to be highly
related to a previous HAdV sequence obtained from an AnNazim landfill at the east of
Riyadh, Saudi Arabia [34].

Adenoviruses are characterized by their significant environmental stability and higher
persistence in different water environments. Therefore, several studies have reported the
insignificant seasonal variability of HAdVs [16,43].

Our findings suggest that temporal variation has no effect on the prevalence of HAdVs,
and the virus’s preferred temperature ranges are between 19–28 ◦C. Similarly, a prior study
found the maximum prevalence of HAdVs to be in a range of 22–25 ◦C in five sample
regions in Riyadh, Saudi Arabia [34]. However, due to regional variances, HAdVs was
found twice as frequently in irrigation waters in Gyeonggi Province, Korea, during the
spring and summer than during the autumn. There was no discernible relationship between
the seasons and the prevalence of HAdVs, and there was no discernible relationship
between the prevalence of HAdVs on surveyed sites and weather factors like temperature,
humidity, and wind speed [44].

Contaminated irrigation water by HAdVs is considered as a potential hazard to
agricultural products during the growing and pre-harvest periods [44]. Mainly, virus
contamination of irrigation water should be prevented during the pre-harvest period for
the production of safe, fresh produce and products. It is important to detect adenoviruses
in irrigation water because they were found to be linked with foodborne diseases at higher
rates due to the use of higher quantities of contaminated irrigation water for crops and
other products [45]. Our study detected HAdVs in irrigation groundwater, and previous
studies indicated that irrigation water was susceptible to contamination by human fecal
material [46,47]. As a result of the fact that human waste may have access to agricultural
land and water, the adenovirus F41-40 is commonly detected in water used for irrigation
and agricultural lands [1,3,45,48]. Foodborne outbreaks associated with raw vegetable and
fruit consumption were linked to the pre-harvest contamination that occurred in the field
due to contaminated irrigation water [49].

This study provides knowledge regarding HAdV prevalence, molecular serotyping,
and meteorological influences in different water environments in Riyadh. The dominance of
the HAdV species F type 41 was reported for the first time in groundwater in Saudi Arabia.
The existence of an unexpectedly higher prevalence of HAdV sequences in irrigation
water than was previously reported in Saudi Arabia demands the extensive monitoring
of existing HAdV types in the future for the control of associated public health concerns
and the establishment of convenient preventive measures. The current findings presented
in this paper highlight the urgent need for intensified monitoring efforts to track and
understand the dynamics of HAdV transmission in irrigation systems.

5. Conclusions

This study identified human adenoviruses F-41 as the predominant HAdV serotype
in Riyadh, Saudi Arabia. Moreover, we discovered six different isolates in the year 2021,
where the isolate HAdV/SA/00-2B64/2021/41 with accession number (OP784585) was
the most dominant out of the other five isolates. In addition, genetic analysis showed a
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close relationship with Brazilian and Saudi isolates. However, there was no evidence of the
influence of HAdVs in relation to seasonal change. Since the water in the detected regions
is used for irrigation purposes, the existence of HAdVs should be considered a potential
source of contamination. Increased awareness and surveillance of measurements of HAdVs
would be necessary to determine public health threats and should, therefore, be considered.
Future studies should be expanded by the addition of multiple locations, because HAdVs
have a significance influence on public health and are directly tied to agriculture.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/w15183318/s1. Table S1: Sequences used for phyloge-
netic analysis of HAdV. Abbreviated name to the formulation: Species/Country/Isolate/Year/Type.
Table S2: Estimates of Evolutionary Divergence between Sequences. The red borders refer to closest
distance with current studied sequences. Table S3: Best fitting model selection using Maximum
Likelihood fits of 24 different nucleotide substitution models.
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