Infection and Drug Resistance Dove

ORIGINAL RESEARCH

Serological Evidence of West Nile Virus Infection
Among Humans, Horses, and Pigeons in Saudi Arabia

Khaled R Alkharsah
Adel | Al-Afaleq?

'Department of Microbiology, College of
Medicine, Imam Abdulrahman Bin Faisal
University (IAU), Dammam, Kingdom of
Saudi Arabia; 2Department of
Environmental Health, College of Public
Health, Imam Abdulrahman Bin Faisal
University (IAU), Dammam, Kingdom of
Saudi Arabia

Correspondence: Adel | Al-Afaleq
Email aalafaleq@iau.edu.sa

Purpose: This study was designed to investigate the seroprevalence of WNV antibodies in
humans, horses, and pigeons in the Eastern Province of Saudi Arabia.

Materials and Methods: Blood samples were collected from 323 humans, 147 horses, and
282 pigeons from two regions, Al-Ahsa and Al-Qatif, in East of Saudi Arabia. Serum
samples were tested for anti-WNV antibodies by ELISA.

Results: The percentage of anti-WNV antibodies in the human population was found to be 9.6%
(3.1% in females and 6.5% in males). This percentage was much higher in horses, as 71.4%
(105/147) of the horses had anti-WNV antibodies. However, no statistically significant difference in
the anti-WNV antibody prevalence was found among horses from the two regions, Al-Ahsa
(73.9%) and Al-Qatif (70.3%) (P value 0.665, 95% CI 0.37-1.82). No significant difference was
found in the frequency of WNV antibodies among different age groups from humans or horses.
Noticeably, 72.7% of the horses had detectable anti-WNYV antibodies by the age of 1 year. In total,
53.19% (150/282) of the pigeons in the study had anti-WNV antibodies.

Conclusion: Our study provided the first evidence for anti-WNYV antibody detection in
humans and pigeons. This study further ascertained the high seroprevalence of the virus in
horses as reported previously by Hemida et al 2019. Overall data indicates that WNV is
endemic in Saudi Arabia. These findings suggest that more attention should be given to the
diagnosis and reporting of WNV infections in human and animals and monitoring of virus
circulation in the environment.
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Introduction

West Nile virus (WNV) is an enveloped RNA virus that belongs to the family
Flaviviridae. This virus was isolated for the first time in 1937 from a feverish patient
from the West Nile province of Uganda.' The main WNV reservoirs of WNV are bird
species, in which the virus can cause high levels of viremia that is sufficient to infect
mosquito vectors.” The principal mosquito vector involved in WNV transmission
belongs to the Culex species, where they get the virus from a viremic birds.® Other
mosquitoes such as Aedes species and Cogquillettidia richiardii also serve as vectors for
the transmission of WNV depending on the geographical location.*

The virus thereafter replicates in the gut of the mosquito to the infectious levels and
transmit to another bird during hematophagy.” In this complete cycle, the virus circulates
in nature among birds and culex mosquitoes. However, an infected mosquito could also
transmit the virus to other vertebrate species including horses and humans, which are
considered incidental hosts as they only develop transient and low level of viremia

insufficient to infect new mosquitoes.” Many other vertebrate hosts were reported to be
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infected with WNV, including sheep, cats, and rodents, but are
mostly considered a dead-end infection (incidental host)
except for fox squirrels and crocodiles." Despite the fact that
mosquito bite is the main route of WNV transmission, other
routes of transmission were also reported during WNV out-
breaks such as blood transfusion and organ transplantation,
hypothetical aerosol transmission among laboratory workers
and animal handlers, and only one case of mother to child
vertical transmission.

Most human WNV infections are asymptomatic, but
when symptomatic, these infections are characterized by
mild fever, rash, headache, gastrointestinal problems, arthral-
gia, and myalgia collectively called as West Nile fever
(WNF).® Less than 1% of the infected individuals may
experience more invasive infection called West Nile neuroin-
vasive disease (WNND), which is manifested by either
meningitis or encephalitis, or less frequently poliomyelitis.®

WNV received little attention till the year 1999, when
it caused an outbreak in humans and horses with neuroin-
vasive manifestations.” Since then, multiple outbreaks in
human and animals were reported with increasing inci-
dences of human and equine cases."* Currently, WNV is
considered an important zoonotic disease in the USA and
other countries.’

Several studies documented the presence of WNV anti-
bodies in humans and animals in the Mediterranean area and
the Arabian Peninsula.'®"'? A systematic review investigated
the prevalence of WNV antibodies in the countries of the
Eastern Mediterranean Regional Office of WHO (EMRO). It
was found that antibodies against WNV were reported in the
general population of 17 out of the 22 countries in the region
at variable percentages ranging from 1% to 61%.'? There
was no data regarding this from Kuwait, Bahrain, and
Oman.'? In a recent study, Dargham et al estimated 10.4%
seroprevalence of anti-WNV IgG antibodies in healthy blood
donors of multiple nationalities in Qatar.

Only two studies from Saudi Arabia reported the
presence of WNV-specific antibodies in the horses.'®'"?
The first study included 63 horses from Al-Ahsa region
in 2014 and reported WNV antibodies by ELISA in
33.3% of the recruited horses.'” A larger study included
200 horses from multiple regions and tested serum sam-
ples collected between 2013 and 2015 employing ELISA
followed by microneutralization assay for the positive
samples.'®> The study found that the seroprevalence of
WNV was the highest in Al-Jubail (60%) followed by
Al-Qatif (55%) then by Al-Ahsa (51%), which are
regions from the Eastern Province, while it was lower

in Qassim and Riyadh, which are the central regions."?
However, no study has been conducted to investigate the
seroprevalence of WNV in human and pigeons. Keeping
all this in view, the present study was designed to pro-
vide the serological evidence of anti-WNV antibodies in
humans, equids, and pigeons from two different regions
of the Eastern Province of Saudi Arabia.

Materials and Methods
Study Settings

The Eastern Province, named according to its geographical
location (Figure 1) of Saudi Arabia is the largest and the
third most populated region comprising about 5 million
inhabitants.'* Al-Ahsa is the largest governorate in the
Eastern Province (latitude 25.3800° N, 49.5888° E) com-
prising about a million inhabitants. While Qatif is located to
the north of the province (latitude 26.5765° N, 49.9982° E)
and comprises about 500,000 inhabitants. Both regions are
agricultural regions and are about 170 km apart.

Sample Collection

Horse samples: About 3—5 mL of blood sample was col-
lected from 147 apparently healthy horses from various
private farms and stables in Al-Ahsa and Al-Qatif regions
from the Eastern Province of Saudi Arabia (Figure 1).
Blood samples were obtained from the jugular vein. All
horses included in this study were locally bred.

Pigeon samples: Around 1-2 mL blood was collected
from 282 local breed and free flying pigeons from Al-Qatif
region (Figure 1). Samples were collected from pigeons,
which were sacrificed for human consumption.

Human samples: About 3-5 mL blood sample was
collected from 323 human subjects residing in the region
at least 2 years prior to sampling. One hundred and forty-
eight samples were collected from apparently healthy
blood donors and 175 samples were collected from dia-
betic patients and patients with psychiatric disorders who
were recruited for other studies. Demographic data were
obtained from the medical records.

In all cases, blood sampling was done during the period
2014-2017 and serum was separated and stored at —80°C
till the time of analysis.

Detection of Anti-WNV Antibody

Detection of anti-WNV IgG antibodies in the sera obtained
from the horses and bird samples was done using the blocking
ELISA assay technique, Ingezim WNV Compac kit

5596

Dove!

Infection and Drug Resistance 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Alkharsah and Al-Afaleq

Al juf Northern Frontier

AlQassim

Almadinah
Almunawarah

Makkah Al
Mukarramah

s R
Albaha

Ar Ryiadh

Al-Qatif

Eastern Region

Figure | Map of Saudi Arabia showing the location of Eastern Province and the regions of Al-Qatif and Al-Ahsa.

(Ingenasa, Madrid, Spain). Serum samples were diluted 1:5 in
the provided dilution buffer. The diluted serum samples were
added to the wells of the 96-well plate, which were coated with
WNV antigen, then incubated at room temperature overnight.
The wells were washed thereafter with washing buffer and
then incubated with anti-WNV antibody conjugated to the
enzyme horseradish peroxidase to bind to the free WNV
antigen. The substrate (tetra methyl benzidine, TMB) was
then added after a washing step. The result was considered
positive when the reading was at least 40% or higher than the
inhibition percentage. According to the manufacturer’s data,
this assay has 100% sensitivity in equine and birds. The assay
also showed 98.8% specificity in birds and 96% specificity in
horses. For further information see the discussion below.
Detection of WNV antibodies in sera from human
samples was done using the Dx Select kit (Focus
Diagnostics, Cypress, California, USA). Serum samples
were diluted 100-fold with the provided dilution buffer.
100 microliters of this diluted sample was added to the
wells of 96-well plate and incubated for 1 hr at room
temperature. After 3 washing steps a goat antihuman IgG
antibody conjugated to the peroxidase enzyme was added

and incubated for 30 min. The 96-well plate was then
washed three times and the substrate was added. The
change in color was read at 450 nm after 10 min.
According to the manufacturer’s information, the clinical
sensitivity of this assay is 97.3%, while its agreement with
CDC IgG ELISA samples is 100% for the positive sam-
ples and 99% for the negative samples. For further infor-
mation see the discussion below.

Study Ethics
The study was approved by the ethical committee of the
Institutional Review Board at Imam Abdulrahman Bin
Faisal University (Approval number: IRB-2014- 04-268).
Informed consent to participate in the study was
obtained from all human participants.
This study was conducted in accordance with the
Declaration of Helsinki. Horses and pigeons were treated
with the best veterinary care and protocols.

Statistical Analysis
The data were tabulated in the Excel spread sheets and
frequencies were calculated. The calculation of the P value
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was done using the OpenEpi website. A P value of less
than 0.05 was considered statistically significant.

Results
In total 323 human samples were included in the study
(37.2% females and 62.8% males). The average age of the
participants was 45.1 years (range 1881 years). The percen-
tage of the anti-WNV IgG antibodies found in the human
population was 9.6% (3.1% females and 6.5% males)
(Table 1). There was no statistically significant difference
in the frequency of antibody detection between males and
females (P value 0.56, OR 0.78, 95% CI 0.34—1.72).
Additionally, 147 horses were included in the study,
of which 101 (68.7%) horses were from Al-Qatif
region and 46 (31.3%) horses were from Al-Ahsa
region (Table 2). The prevalence of anti-WNV antibo-
dies among horses in general was found to be 71.4%
(105/147). There was no statistically significant differ-
ence in the WNV IgG antibody prevalence among
horses from the two regions, Al-Ahsa (73.9%) and Al-
Qatif (70.3%) (P value 0.665, OR 0.83, 95% CI 0.37—

1.82). The prevalence of anti-WNV antibodies was
significantly higher (84%, 42/50) among female when
compared with the male horses (64.9%, 63/97) (P value
0.015, OR 2.8, 95% CI 12-7.1)
Additionally, the difference in prevalence between

in general.

male and female horses was statistically significant in
horses from Al-Qatif region (P value 0.025, OR 3.5,
95% CI 1.15-12.89) but not in horses from Al-Ahsa
region (P value 0.346, OR 0.5, 95% CI 0.11-2.02).
Table 2 shows the frequency of WNV IgG antibodies
among horses from the two areas according to age and
gender.

The average age of horses included in the study was
5.68 years (range 1-23 years). 72.7% of the horses already
had detectable anti-WNV antibodies by age of 1 year.
There was no statistically significant trend in the preva-
lence of WNV antibodies with different age groups neither
from Al-Qatif region (P value 0.491) nor from Al-Ahsa
region (P value 0.992) (Table 2).

In total, 53.19% (150/282) of the pigeons included in
the study had anti-WNYV antibodies.

Table | Frequency of WNV IgG Antibodies Among Human Samples Based on Gender and Age Groups

Age WNY IgG Positive WNYV IgG Negative Total
Groups in
Female Male Female Male
Years
N % N % N % N % N
<20 0 0.00 | 12.50 0 0.00 7 87.50 8
20-<30 0 0.00 4 8.70 8 17.39 34 7391 46
30-<40 0 0.00 5 7.46 10 14.93 52 77.61 67
40-<50 2 3.23 | 1.61 28 45.16 31 50.00 62
50-<60 5 6.25 4 5.00 40 50.00 31 38.75 80
60-<70 3 6.38 4 851 19 40.43 21 44.68 47
=70 0 0.00 2 2222 3 33.33 4 44.44 9
Total 10 3.10 21 6.50 110 34.06 182 56.35 323
Note: Age information was missing for 4 samples in the negative group.
Table 2 Frequency of WNV IgG Antibodies Among Horse Samples from Two Areas
Al-Qatif Al-Ahsa
Positive Negative Total Positive Negative Total
N % N % N % N %
Gender
Female 25 86.21 4 13.79 29 17 80.95 19.05 21
Male 46 63.89 26 36.11 72 17 68.00 32.00 25
Age group years
<5 26 63.41 15 36.59 41 21 75.00 25.00 28
5-<10 39 76.47 12 23.53 51 7 63.64 4 36.36 I
=10 6 66.67 3 3333 9 6 85.71 | 14.29 7
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Discussion

Data on the prevalence of WNV in Saudi Arabia are
limited. To the best of our knowledge, this is the first
study conducted for the detection of WNV antibodies in
humans and pigeons from Saudi Arabia. High frequency
of WNV antibodies in the horses from Saudi Arabia
observed in our study is in coherence with two other
previously published studies.'®'®> A survey study con-
ducted on mosquitoes in 2010 found that the mosquitoes
of Culex spp, WNV vector, were the most abundant mos-
quito species in the Eastern Province of Saudi Arabia,
constituting more than 66% of all the captured mosquitoes
in the region."”” The detection of Culex spp was also
reported from other regions of Saudi Arabia.'®'® The
abundant presence of the vector and the presence of anti-
bodies in the pigeons, the amplifying vector, and the
incidental hosts, humans and horses, indicate that WNV
may be endemic in Saudi Arabia.

About 10% of the human population in this study had
anti-WNV antibodies indicating a previous exposure to the
virus. This finding was similar to a previously reported
data on the seroprevalence in the population of Qatar
(10.4%), a neighbor country to Saudi Arabia.'' No data
is available about seroprevalence of WNV in humans from
other neighboring Gulf countries in the Arabian Peninsula.
A study from UAE reported no detection of WNV RNA in
the blood donors in 2008.%° Since the first outbreak in
USA in 1999, WNV has become the most common
cause of mosquito-borne virus infections in the USA and
the leading cause of viral encephalitis.”' During the last
two decades, WNV has become a leading infectious cause
of human neuroinvasive disease.® This emphasizes that
attention should be paid to diagnose and report such
cases from Saudi Arabia.

WNV was previously classified in the Japanese ence-
phalitis antigenic complex together with other flaviviruses
including Murray Valley encephalitis, Saint Louis ence-
phalitis, Usutu, and other viruses.”> Therefore, a cross
reaction may occur due to a recent infection or vaccina-
tion with either of these viruses. No vaccine is available
for these viruses in humans and none of these viruses
were reported to be circulating in the region. An infection
with dengue virus was also reported to cause cross reac-
tion with WNV antibody detection.”> Dengue virus is
endemic only in the Western Province of Saudi Arabia,
which is located about 1200 km away from the Eastern
Province.?* There are no reports of dengue fever virus in
the Eastern Province. Nonetheless, our results might still

be overestimating the seroprevalence of WNV among
human population in Saudi Arabia. Multiple studies
used the plaque reduction neutralization test (PRNT) as
a confirmatory test for the detection of WNV antibodies.
However, even PRNT was shown to lack the specificity
particularly with the repeated flavivirus exposure.?’
Therefore, and with the increasing reports of WNV infec-
tions worldwide, there is an urgent need for highly sensi-
tive and specific assays to study the WNV prevalence in
the population.

We reported equivalently high prevalence of WNV
antibodies in horses from the two-study regions. Two
previously published studies on the seroprevalence of
WNV in the horses from Saudi Arabia have also reported
high seroprevalence of the virus in the horses. The first
was published in 2014 including 63 horses from Al-Ahsa
region and found that 33.3% of horses have WNV anti-
bodies by ELISA.'® Another study included 200 horse
serum samples collected between 2013 and 2015 and
employed ELISA followed by microneutralization assay
for the positive samples, found that the seroprevalence of
WNV from Al-Ahsa and Al-Qatif region was 51% and
55%, respectively.'> The same study also found that the
prevalence of WNV antibodies from Al-Jubail, another
region in the Eastern Province of Saudi Arabia, was 60%
while it was lower in the central regions such as Qassim
and Riyadh.'® These reports might indicate an increasing
tendency of WNV seroprevalence in the country over
time. No WNV virus vaccination is implemented in
Saudi Arabia, which precludes the possibility of acquiring
the antibodies from the vaccination. We noticed that
72.7% of the horses already had detectable anti-WNV
antibodies by age of 1 year supporting the idea of high
virus circulation rate in the region based on the serological
evidence. Multiple WNV vaccines are available for veter-
inary use and this high seroprevalence of WNV in the
horses suggest that these vaccines should be considered
in Saudi Arabia for animal vaccination.

As mentioned above, there is cross antigenicity
between members of the Flavivirus genus. Despite the
high sensitivity and specificity of ELISA, particularly
the one we used (see below), the virus neutralization
assay (PRNT or microneutralization assay) has the
advantage of targeting multiple viral antigens at the
same time. Hemida et al compared the seroprevalence
of WNYV antibodies in horses using ELISA and micro-
neutralization assay.'> They found that the WNV sero-
prevalence in regions from the Eastern Province ranged
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between 45.5% and 80% using ELISA and between
30.4% and 60% using microneutralization assay.'’ In
some regions, the microneutralization assay gave
a higher seroprevalence than ELISA, most probably
due to its ability to detect other antigens than these
antigens targeted by ELISA.'> However, the detection
of high seroprevalence level of WNYV antibodies even
with microneutralization assay in their study supports
the fact that our data reflects a true presence of WNV
in the tested population of humans, horses and pigeons.

More than 50% of the tested pigeons had WNV anti-
bodies in our study. We used the blocking ELISA assay
technique to test for WNV antibodies in horses and birds.
According to the manufacturer’s data, the assay has 100%
sensitivity in equine and birds. The assay also showed
98.8% specificity in birds and 96% specificity in horses.
The Blocking ELISA assay seems to be more specific than
the competition ELISA kit in proficiency testing in terms
of cross reaction with tick-borne encephalitis virus (man-
ufacturer’s brochure). It was suggested that infection of
birds with Usutu virus produces antibodies that may cause
cross reaction with WNV antibody detection in the ELISA-
based assays.”® However, this seems to be minimal in the
employed blocking ELISA technique (manufacturer’s
brochure).

Apparently, further studies are needed to confirm the
prevalence of WNV in humans and animals including
cases with clinical manifestation. Furthermore, virus iso-
lation from pigeons and mosquitoes and its genotyping
should be included in the future studies.

In conclusion, our study provided the first evidence
of WNV antibody detection in humans and pigeons and
showed that there is high seroprevalence of the virus in
horses. This data indicates that WNV is endemic in
Saudi Arabia. More attention should be given to the
diagnosis and reporting of WNV infections in humans
and animals to measure the clinical burden of the virus.
Additionally, implementation of WNV vaccine in horses
would massively decrease the morbidity. More impor-
tantly, monitoring virus circulation in the environment
by designing a surveillance program is required as has
already been established in several countries. The cross
immunity produced between several flaviviruses is of
some limitation to our approach due to live virus impor-
tation restrictions to the country and should be investi-
gated in humans and birds as already previously done in

horses from the same region.'?
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