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ABSTRACT

In the past half a century, the emergence and re-emergence of arboviral diseases have
occurred in many parts of the world challenging animal and human health. Some of the
arboviruses menacing the public and animal health include Zika virus (ZIKV), Yellow fever
virus (YFV), Dengue fever virus (DFV), Chikungunya virus (CHIKV), Rift Valley fever
virus (RVFV), and West Nile virus (WNV) in many parts of the world. Ethiopia shares
borders with South Sudan, Sudan, Somalia, and Kenya, where most of the above-mentioned
arboviral diseases are known to be endemic. The free movement of animals and humans
across the borders potentially increases the spread of these diseases. Gambella Regional
States, the current study location, shares a long border area with South Sudan, which
increases the importation of diseases with livestock, wild animals, and the transhumance that
travel across different countries up to Gambella. Therefore, the objectives of the study were
1)To estimate the seroprevalence of RVFV and WNV in cattle in Lare district, 2) To estimate
the seroprevalence of YFV, ZIKV, and CHIKV in humans in two districts (Lare and Itang
special districts) and; 3) To assess the awareness of the community about arboviruses in
selected districts (Lare and Itang special districts) of Gambella Regional state, south west

Ethiopia.

An indirect Enzyme-Linked Immuno Sorbent Assay (ELISA) for YFV, CHIKV, WNV, and
RVFV and Blockade-of-binding ELISA for ZIKV methods were used for the seroprevalence
studies. A total of 368 cattle serum samples were collected and screened for seroprevalence
study of RVF and WNF from the Lare district on the border of South Sudan and measured
the presence of IgG antibody against viruses’ infections using enzyme-linked immunosorbent

assays (ELISA). Hence, the obtained seroprevalence of anti-RVF and anti-WNF virus 1gG



antibodies was 7.6% (95% CI: 5.3-10.82%), and 5.4% (95% CI: 3.52-8.29%) respectively.
During the analysis, a higher seroprevalence of 1gG antibodies to RVF virus infection was
observed compared to the WNF virus in cattle. There was no significant association between
the prevalence and the cattle age, sex, or sampled sub districts.

The community-based cross-sectional seroprevalence survey, which was conducted between
late October 2018 and mid-June 2019, screened for YFV, CHIKV, and ZIKV infections. The
serum samples were screened for 1gG antibodies to YFV and CHIKV infections using
indirect enzyme-linked immunosorbent assays (ELISA) and ZIKV infection using a specific
IgG antibody with a Blockade-of-binding ELISA. Hence, a total of 150 individuals (96 males
and 54 females, age ranging from 18 to 65 years, mean age + SD = 35.92 + 10.99 years)
participated. Among the 150 samples 135, 90, and 150 were screened for YFV, CHIKV, and
ZKV, respectively. The results showed that 4(2.9%), 14 (15.6%), and 41 (27.3%) samples
were tested positive for 1gG antibodies to YFV, CHIKV, and ZIKV infections, respectively.
Agro pastoral occupation was a factor significantly associated with a high seroprevalence of
IgG against CHIKV infection (AOR=14.17; 95%CI: 2.30- 87.30). Residency in the Lare
district (AOR=11; 95%CI: 3.31, 39.81), being female (AOR=4.7; 95% CI: 1.62, 14.64), and
pastoralist by occupation (AOR=5.1; 95% CI: 1.44-17.80) were found to be significantly
associated with a high seroprevalence of IgG antibody to ZIKV infection.

A community and health facility-based qualitative study involving 11 focus group
discussions (FGDs) with community members and two FGDs with health workers was
conducted from November 2017 to January 2018. A total of 122 community members and 16
health workers participated in the arbovirus community awareness study. In this study, all the
discussants mentioned malaria, typhoid fever, unknown cause of diarrhea, and skin diseases
as the major public health problems in the area. Using pictures of Anopheles and Aedes
mosquitoes, all participants confirmed that both mosquitoes are present in the area. They
identified Anopheles as the vector of malaria. However, community discussants could not
mention the name of a disease that can be transmitted by Aedes mosquitoes though they
mentioned that Aedes mosquito bites both humans and animals during daytime in forest areas
and causes skin itching to humans. On the other hand, community participants from the
Pagag, a village bordering South Sudan, expressed a concern that Aedes mosquitoes can

Vi



cause a malaria-like disease, which can kill within a few days. Health workers from Itang
health center described that in 2016, an outbreak of unknown disease which causes fever and
jaundice occurred and killed seven individuals in a village called Akula, which is closer to a
South Sudan refugee camp.

In conclusion, the findings showed that community members and health workers in the area
do not have adequate information on mosquito-borne viral diseases. On the other hand, the
detection of IgG antibodies to RVF, WNF, YFV, CHIKV, and ZIKV virus infections in the
Gambella region warrants further study of active case findings and the dynamics of
transmission. Creating awareness, improving laboratory services, strengthening the
surveillance system would be important to design appropriate public and veterinary health
interventions to reduce the risk of future outbreaks, early warning and preparedness in the

present study area would be important.

Keywords: Arboviruses, seroprevalence, community awareness, Gambella, Ethiopia
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1. INTRODUCTION

According to the World Health Organization (WHO), arboviruses (arthropod-borne viruses)
are defined as a group of viruses that are maintained in nature principally, or to an important
extent, through the biological transmission between susceptible vertebrate hosts by
hematophagous (blood-feeding) arthropods including mosquitoes, ticks, and flies (Mufioz-
Jordan et al., 2003; WHO, 1967). The life cycles of all arboviruses are maintained in a
complex manner that involves at least one non-human primary vertebrate host and one

primary arthropod vector (Karabatsos, 1985).

The arboviruses multiply and produce viremia in reservoir vertebrate hosts, multiply in the
tissues of competent arthropod vectors, and are transmitted through saliva to a new vertebrate
host by the bites of arthropods after a period of the extrinsic incubation period (Davis et al.,
2008; Peiris and Amerasinghe, 1994; Weaver and Reisen, 2010a).

The commonly known vectors for arboviruses are mosquitoes, ticks, and sandflies (Depaquit
et al., 2012). There are also other arthropods that consume the blood of vertebrates for
nutritious or developmental purposes (CDC, 2020e). Vertebrates, which have their blood,
consumed act as the hosts, with each vector generally having an affinity for the blood of
specific species, making those species the hosts (Kuno and Chang, 2005). Humans and other
mammals affected in this cycle are known as “dead-end or incidental hosts”. This means they
do not develop high levels of the virus in their bloodstream needed to pass the virus to other
biting mosquitoes.

In most cases, humans and domestic animals can develop clinical signs but most frequently
they are ‘dead-end’ hosts because unable to produce significant viremia, and consequently do
not contribute to the natural transmission cycle (Dobler, 1996; Gregory et al., 2017; Gubler,
2001; Hunt, 2015). Few arboviruses that produce viremia in people are Dengue fever virus
(DFV), yellow fever virus (YFV), Rift Valley Fever virus (RVFV), chikungunya virus
(CHIKV), and Zika virus (ZIKV), can be transmitted from person to person by mosquitoes
(urban cycle) (Kuniholm et al., 2006; Weaver and Barrett, 2004). Often these viruses have
been identified with non-human primates and some domestic animals. Since early times till

now over 500 different arboviruses are cataloged (Hayes et al., 2008; Karabatsos, 1985; van



Regenmortel et al., 2010). Out of these, some 100 are known to cause human disease, with
clinical signs such as acute self-limiting fever (with or without rash), muscle and joint pain,
hemorrhagic symptoms, and/or neurological illness. They are somehow sited specific, where
a subset of these involves the central nervous system (CNS) and causing symptoms ranging
in severity from mild aseptic meningitis to encephalitis or flaccid paralysis. On the other
hand, most human arboviral infections are clinically weak or result in an asymptomatic
infection associated with seroconversion. Fever is the most common sign and symptom of
arboviral infection. Importantly the arboviruses are becoming the most significant public and
veterinary health problems with the emergence and re-emergence of nearly worldwide
(Weaver and Reisen, 2010a).

The growing impact of arboviruses demands continuous surveillance and monitoring
especially in tropical and subtropical regions, where most of the low-income countries are
located globally (Gould & Solomon, 2008). It is common to see arboviruses from many of
the globe and both humans and animals are affected by these diseases (Johnson et al., 2012;
Weaver and Reisen, 2010).

Among others, Togaviridae and Bunyaviridae virus families and the genus Flavivirus are the
commonest causes of human arboviral infection (Schmaljohn & McClain, 1996) and animal
pathogenic arboviruses belong to seven virus families:Togaviridae, Flaviviridae,
Bunyaviridae, Reoviridae, Rhabdoviridae, Orthomyxoviridae, and Asfarviridae (Hubalek et
al., 2014). Current reports are showing that about 40% of the world’s populations are at risk
for arboviral infections. Some of the drivers for the emergence of arboviruses include
deforestation, where significantly changes the breeding, abundance, and species composition
of vectors. The changes in the breeding sites lead to the alteration in the immature stages,
differences in resource demand, predation, survival, and fecundity. These changes may favor
or disfavor vectors of arboviruses (Zahouli et al., 2017). Heavy rainfall is another triggering
factor that increases the emergence of arthropod-borne viral diseases due to favoring the
environment for vector multiplication, through the formation of small to large water bodies.
The role of agriculture is also an initiating factor for most arthropod-borne diseases where
new areas are frequently visited by human and domestic animals that easily connect the new

host with the vectors, which are already connected with wild animal reservoirs. The climatic



changes (irregularity), demographics, climatic changes, ecology, land-use patterns, and
increasing global travel have been linked to an upsurge in arboviral disease (Gould and
Higgs, 2009; Weaver and Reisen, 2010a).

These viral diseases are linked to many factors (WHO-EMRO, 2007). Some of the locations
where arboviruses were reported include the Somali region of Ethiopia (Ahmed & Salah,
2016), the South Omo zone(Endale et al., 2020; Mengesha Tsegaye et al., 2018), northwest
Ethiopia (Ferede et al., 2021).



2. LITERATURE REVIEW

2.1. Arboviruses

Arboviruses are RNA viruses transmitted via hematophagous or blood-feeding arthropods
such as mosquitoes, ticks, sandflies, etc. Infections by these pathogens may result in severe
disease of encephalitis and hemorrhagic fevers or mild form associated with transient fevers
and polyarthritis. In classifications, arboviruses belong to seven families, namely, the; (a)
Togaviridae family - alphaviruses (Alphavirus, one of 2 genera); (b) Flaviviridae family
(Flavivirus genus); (c) Bunyaviridae family (Bunyaviruses, nairo viruses, and Phlebovirus
genera); (d) Reoviridae family (Orbiviruses genus); (e) Rhabdovirus family
(Vesiculoviruses genus); and the (f) Orthomyxoviridae family (thogotoviruses genus)
(Condit, 2007; ICTV, 2011; Weaver and Reisen, 2010a). Amongst them, the most important
families of the region of Africa and the Eastern Mediterranean region are the Togaviridae,
Flaviviridae, and Bunyaviridae families. The Flaviviruses family was given more attention
here, as most of its members belong to the emerging and re-emerging zoonosis despite the

Alphavirus and Phlebovirus are resulting in health problems in humans and livestock.

2.2. Transmission

Arboviruses are transmitted primarily or mainly maintained between a host and vector cycles,
which carries the virus and transmits the virus to another organism respectively (Sang and
Dunster, 2001).

2.3. West Nile virus

2.3.1. Biology of West Nile virus

WNV is a mosquito-transmitted flavivirus, which belongs to the Japanese encephalitis
serogroup of the family Flaviviridae. WNV is an enveloped virion containing a single-
stranded, positive-sense RNA genome (Khromykh et al., 2001). Structurally the virus is an
icosahedral particle with the capsid protein associating with the RNA genome to form the
nucleocapsid surrounded by a lipid bilayer (Bhuvanakantham et al., 2009). The virus is well
known to be neurotropic causing WNF and the leading arboviral cause of encephalitis

worldwide in humans (Winkelmann et al., 2016).



2.3.2. Vector of WNV

The primary vector of WNV, Culex species of mosquito, was first discovered in Egypt.
Hence, Culex species of mosquitoes appeared to be the primary vectors, that could maintain
the vector cycle through feeding following subsequent transmission through biting (Taylor et
al., 1956).

2.3.3. Global distribution of WNV

The virus was isolated from a febrile women patient in 1937 from the West Nile district of
Northern Uganda (Smithburn et al., 1940), it becomes one of the most widespread
arboviruses (Hayes et al., 2005; Gyure, 2009; Reiter, 2010a). Initially, the virus was isolated
during the epidemiologic investigation of the YFV in the area. In the process of investigation,
mice inoculation with the patient’s serum enabled the isolation of a virus with physical and
pathologic properties that are similar to those of two flaviviruses called St. Louis encephalitis
virus and Japanese B encephalitis virus and sharing immunological relationships with these
viruses. Hereafter, WNV occurred as an epidemic in Mediterranean basin in the 1950s and
1960s (Murgue et al., 2001) while the first recognized epidemic occurred in Israel in 1951 in
the small town of Haifa where reports from young children take the highest proportion with
no fatalities. Since then, many sporadic cases and outbreaks have been reported from Africa
(Le Guenno et al., 1996; Nur et al., 1999). WNV is frequently reported as an endemic
disease in Africa, Middle East, South Asia, and seldom sporadic cases in Europe (Hubalek
and Halouzka, 1999; Tsai et al.,1998). Recently in Africa WNV has been reported in
northern and sub-Saharan Africa (Cabre et al., 2006; El Rhaffouli et al., 2012; Fassil et al.,
2012) and East Africa (Faulde et al., 2012). Previously, a molecular study showed that an
identical sequence of the virus from different continents showed the virus has a rapid route of

transmission probably through the migratory birds (Lanciotti et al., 1999).

Indeed, the suggestion of WNV to be vector-borne goes back to several years based on the
ecology and transmission studies so far done (Philip and Smadel, 1943). Through process
further understanding on virus ecology, epidemiology, and clinical characteristics of WNV
obtained during 1951 and 1954 outbreak occurred in Egypt (Gideononline, 2020; Murgue et
al.,, 2001; Taylor et al., 1956) (figure 1). WNV found self-limited where higher



seroprevalence was found in older children while younger children seemed to have more

symptomatic illness suggesting that WNV is mainly an infection of early childhood.

West Nile fever: Global distribution e & 5 x
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Figure 1. Global distribution of West Nile Fever.
(source: Gideononline, 2020)

2.3.3.1. West Nile virus in Ethiopia

Very limited studies have been conducted in Ethiopia regarding arboviruses infections in
humans in general (Ardoin et al., 1976; Woyessa et al., 2013; Lilay et al., 2017) despite
ample evidence regarding the importance of animals and human movement between
neighboring countries in the spread of arboviruses. The WNV virus was also detected from
Anopheles oustani and Mansonia uniformis mosquitoes in Ethiopia (Peiris and Amerasinghe,
1994). The virus was detected in a few locations in Ethiopia (Ahmed and Salah, 2016;
Hubalek and Halouzka, 1999). There is no available evidence about the status of this virus in

animals in Ethiopia.



2.3.4. Life cycle and hosts of WNV

West Nile virus is mainly maintained in a life cycle between birds and the preferred vector
genus Culex (Hubélek and Halouzka, 1999; Reiter, 2010a). In the mosquito mammalian
transmission, birds play a sole role as reservoir hosts. Hereby, some species of birds become
ill, show symptoms of disease, or may die: while some others become infected, serve as a
carrier without showing signs of diseases. Bird-to-bird transmission has been demonstrated at
the laboratory level (Komar et al., 2003). In other findings, other several species have proven
the capability of contact transmission (Komar et al., 2003). Humans and other mammals,
especially horses, may develop clinical illness but usually are incidental or “dead-end” hosts
because they do not produce significant viremia, and thus may not contribute to the
transmission cycle (CDC, 2020g) (figure 2). In studies, a low level of virus in the blood
(viremia) in mammals is mostly unable to transmit to mosquitoes upon biting, thereby ending
the transmission cycle (Bowen and Nemeth, 2007). Hence, mammals’ ability to act as hosts

could change in such a low level of viremia phenomena, though Aedes mosquito biting.

e |

Mosquito
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Dead End or Dead End

R .o

Bird Amplifier Host

Figure 2. The life cycle of West Nile Virus

(Source (Byas & Ebel, 2020; CDC, 2020g9)



2.3.5. Seroprevalence of WNV in humans

Since the first investigation of the virus from humans acts as a dead-end host, it has been
being reported continuously in humans in many locations of the world (Galan-Huerta et al.,
2015; Smithburn et al., 1940). WNV transmits to humans through the bite of a mosquito
(Malkinson & Banet, 2002; Weaver & Reisen, 2010). Conducted studies estimated humans
get an infection in a probability of one out 150 could reveal a severe neurologic symptom
with a death rate of 10% among the severely affected groups(O’Leary et al., 2004; Petersen
& Marfin, 2002). In most cases, infections persisted asymptomatic but upon revealing the
infection patients might divulge headaches, myalgia, arthralgia, and rash.

2.3.6. Seroprevalence of WNV in animals

Sero-surveys investigations in animals so far suggested that the virus was found as an
infectious disease in a wide range of species, including birds and non-human mammals
besides human beings (Ulloa et al., 2003; Van Der Meulen et al., 2005). The WNV-
neutralizing antibodies were found prevalent in birds, and crows (Olaleye et al.,1990). The
preferred or predominant reservoir hosts of the WNV are birds (Anderson et al., 1999). On
the other hand, the WNV was identified and showed symptomatic cases and fatality in
equines, where it continued to infect humans and /or horses nowadays too, which are dead-
end hosts (Trock et al., 2001; Campbell et al., 2002; Van Der Meulen et al., 2005).

2.3.7. Transmission, Infection, pathogenesis and clinical manifestations in humans

As previously indicated the dominant mode of WNV transmission is through the Culex
mosquito. Transmission via non-vector routes also reported including organ transmission
(Ilwamoto et al., 2003), blood transfusion, breastfeeding, and intrauterine exposures (Hayes
and O’Leary, 2004). There is also a report of laboratory-acquired infection (Centers for

Disease Control and Prevention, 2002).

WNV infection is predominantly subclinical or self-limited. Seldom reports indicated
infection manifestations may range from fever and myalgias to meningoencephalitis and
death in humans (Petersen and Marfin, 2002). Higher seroprevalence was seen in older

children while younger children seemed to have more symptomatic illness suggesting that



WNV is mainly an infection of early childhood. In most cases, human infections with WNV
remain clinically silent. Among those persons developing the asymptomatic illness, most
develop a self-limited febrile illness. Severe illness with WNV is manifested as meningitis,
encephalitis, or acute anterior (polio) myelitis. These manifestations are generally more
prevalent in older persons or those with immunosuppression (Campbell et al., 2002; Sejvar,
2014).

The risk factors for WNV in humans are categorized into two as mosquito and non-mosquito
related. People get WNV infection after exposure to potentially infected Culex spp mosquito.
Many findings documented risk factors for infection with this virus including; availability of
water/flooded areas (Han et al., 1999), presence of more vegetation cover (Brownstein et al.,
2002), old houses, low population density, and proximity to bird populated areas as

mosquito-related risky factors (Ruiz et al., 2004).

The non-mosquito-related risk factors for WNV infection include; untested blood
transfusions or organ transplantations (Kumar et al., 2004), breastfeeding, or infection during
pregnancy (Hayes and O’Leary, 2004), and occupational exposure to the virus (Centers for

Disease Control and Prevention, 2002).

2.3.8. Transmission, Infection, pathogenesis and clinical manifestations animals

The WNV passes to the birds through the bite of infected mosquitoes where these mosquitoes
before infected during biting of birds. Species susceptibility of birds to WNV is detected as
crows, jays, and sparrows are highly susceptible to WNV compared to other species of birds
(Ip et al., 2014). The nature of predatory in hawks and owls and scavenging of crows birds
increases the WNV infection easily because they have a chance to eat WNV infected or
sick/dead birds (Anderson et al., 1999; Ip et al., 2014).

Clinical manifestation in birds varies based on the situation. As birds are the natural
amplifiers for the WNV(Komar, 2001), observing clinical manifestations depends on factors
including; species, previous virus history of the area. Hence, upon critical observation of the
infected birds, it is possible to see nonspecific signs of illness including dehydration,

emaciation, and depression. Other signs include neurologic abnormalities such as head

10



tremors, ataxia, head incoordination, torticollis, nystagmus, and head tilt. Depending on the
species of birds affected it was also exhibited anemia and leukocytosis with heterophilia,

eosinophilia, and monocytosis consistent with chronic inflammation (Joyner et al., 2006).

Risk factors for birds to be infected with WNV generally include; climate, mosquito habitats,
and an immunologically young population of birds. Individual variations within the birds
may also contribute to the risk of severe disease. Variation in susceptibility among different
ages and sex has not shown significant changes in many studies so far conducted (Smith et
al., 2018).

Like the human, WNV infection is often asymptomatic in equines (Campbell et al., 2002).
The first detection of WNV in equines was noted in Egypt and France in the early 1960s
(Haahr, 1969; Schmidt and EI Mansoury, 1963). Equines get the WNV infection after bitten
by an infected potential mosquito. In equines, the incubation period usually ranges from three

weeks.

Clinical manifestations of WNV in equines may not be easy to distinguish from other equine
encephalitides. Like the WNV, other causes including rabies, equine herpes virus-1, equine
protozoal myeloencephalitis, and Eastern, Western, or Venezuelan equine
encephalomyelitides results in encephalitides (Smith, 2002). In affected horses, clinical signs
may include both central and peripheral nervous system signs, ataxia, lack of interest in
surroundings, weakness of limbs, muscle fasciculation, and loss of appetite (Government of
Canada, 2020).

Sometimes horses may become recumbent and may be unable to get up without help. Some
horses may develop a fever. The target organ of the virus is the brain and spinal cord where it
causes an inflammatory reaction (encephalitis), manifested by variable neurological signs
(Abutarbush et al., 2004). Affected horses, which show no progression of gait abnormalities,
usually recover completely with no consequences within one to two weeks. Consequently,
specific diagnostic tests need to be conducted to differentiate or have a definitive diagnostic
result. Samples sources, in this case, could be, either the whole blood, serum, and/or
cerebrospinal fluid (CSF) with a complete history of the case is satisfactory. Depending

upon a country protocol, specific tests for rabies and WNV could be done in equines when
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recumbency occurred, including postmortem examination(Abutarbush et al., 2004; Snook et
al., 2001).

A WNV-infected Culex mosquito can bite cattle as mammals where antibody was detected in
few studies conducted elsewhere(Olaleye et al., 1990; Omilabu et al.,1990; Ozkul et al.,
2006). The clinical importance of WNV in cattle has not been documented so far, despite the
reports of immune response antibody detections against WNV observed (llkal et al., 1988).

2.3.9. Host immune response to WNV

After the virus enters the CNS through respective tissues, it spreads rapidly between different
subtypes of neurons in distinct regions of the nervous systems. Largely, the neurons are non-
renewable (McGavern and Kang, 2011). Controlled immune responses must limit spread and
eliminate virus while minimizing neuronal damage, but when there is a delay or absence of
such responses in genetically deficient mice or immunosuppressed humans results in rapid
dissemination, neuronal injury, with an increased risk of mortality. Animal model-based
research work has shown that both innate and cellular immune responses in the CNS
orchestrate control of WNV spread, which ultimately limits the number of neurons targeted

for infection or the amount of virus any given infected neurons will produce (Griffin, 2003).

Many of the humoral immune response analyses to WNV have mainly been carried out
subsequently from experimental infection of rodents. The antigenic variability of WNV has
been determined using the isolation of monoclonal antibody (mAb) panels and challenge
studies have been performed to test vaccines for clinical purposes. Serological responses to
the virus infection have been used in the classical observation of the human antibody
response. In recent updates, many advanced protein-protein engineering approaches and
display technologies have been utilized to probe the human repertoire against WNV.
Collectively, these studies have identified important differences in the humoral response
against natural WNV infection in humans compared to experimental WNV infection in
rodents (Oliphant et al., 2005; Sanchez et al., 2005).

12



2.3.10. Diagnosis of WNV

2.3.10.1. Clinical diagnosis

Suspicion of WNV infection can be expected when patients have the onset of unexplained
febrile illness, encephalitis and/or meningitis, or flaccid paralysis during mosquito season.
Evidence of WNV enzootic activity or other human cases, either locally or in a region where
the patient has traveled, should raise the index of suspicion (Grant et al., 2011; Davis et al.,
2008).

2.3.10.2. Serologic diagnostic methods of West Nile Virus

Currently, the serologic diagnostic methods of WNV include immunoglobulin M antibody-
capture ELISA, immunoglobulin G ELISA, indirect fluorescent antibody tests,
hemagglutination inhibition tests, and plaque reduction neutralization tests (Shi and Wong,
2014). Preferably, WNV infection is better diagnosed through the detection of IgM in serum
or cerebrospinal fluid (CSF) however, because of cross-reactivity between flaviviruses,

positive results need to be confirmed by virus neutralization assay.

According to the CDC guideline, WNV-specific IgM antibodies are usually detectable 3 to 8
days after onset of illness and persist for 30 to 90 days, but also longer persistence has been
documented. Consequently, positive IgM antibodies seldom may reflect a past infection of
the host. If serum is collected within 8 days of illness onset, the absence of detectable virus-
specific IgM does not rule out the diagnosis of WNV infection, and the test may need to be
repeated on a later sample. Taking into account the presence of IgM specific to WNV in
blood or CSF gives good evidence of recent infection but may also result from cross-reactive
antibodies after infection with other flaviviruses or from non-specific reactivity. For
confirmation, neutralizing antibody testing of acute and convalescent-phase serum specimens
at a state public health laboratory (CDC, 2020d). Opposite to WNV, IgM, and 1gG of other
viral infections can persist for many years following a symptomatic or asymptomatic
infection. The presence of IgG is only evidence of the previous infection (figure 3). When
capacities are available the plaque-reduction neutralization tests (PRNTSs) performed in
reference laboratories, can help determine the specific infecting flavivirus. PRNTSs can also

confirm acute infection by demonstrating a fourfold or greater change in WNV-specific
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neutralizing antibody titer between acute- and convalescent-phase serum samples collected 2

to 3 weeks apart.
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Figure 3. Schema for the diagnosis of viral infections

Source: (Donoso, 2011)

In addition to serum and viral culture systems through the immunohistochemistry (IHC)
method, the WNV antigen can be detected in formalin-fixed tissue. Negative results of these
tests do not rule out WNV infection.

2.3.10.3. Molecular diagnosis of West Nile virus

In many cases of WNV viral confirmation, the viral cultures and tests to detect viral RNA
(e.g., reverse transcriptase-polymerase Chain Reaction [RT-PCR]) can be performed on
serum, CSF, and tissue specimens that are collected early in the course of illness for positive

results. Mostly, the early WNV infection can be diagnosed by PCR and virus isolation (CDC,
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2020d). Viral culture, RT-PCR, and IHC can be requested through state public health
laboratories or CDC for confirmatory diagnosis (Sampathkumar, 2003).

2.3.11. Control of WNV

At this time, no definitive treatment is available for WNV infection. Prevention of infection
through protection from mosquito bites remained the most critical, the most important, and
the single public health measure. In the absence of definitive antiviral treatment, management
of illness due to WNV infection remains supportive. Patients with otherwise uncomplicated
WNF generally do not require specific intervention, though control of a headache and
rehydration may sometimes be needed. However, persons with documented West Nile
viremia and patients with WNF in which other risk factors, including older age and
underlying immunosuppression, are present should be observed for progression to more
severe neuroinvasive disease (CDC, 2020d; Sejvar, 2014). Avoid blood donating before
testing of West Nile virus (Brown, 2004).

2.4. Zika Virus

2.4.1. Biology of Zika Virus

Zika is among the emerging viral disease of a family Flaviviridae and genus flavivirus,
which is transmitted by a daytime active mosquito called Aedes with the two most commonly
known species as A. aegypti, A. albopictus that also may bite at night period. The name Zika
came from the natural forest found in Uganda Zika forest where the virus was first isolated in
1947 (Dick et al., 1952). In its character, ZIKV can infect several cell types in the skin and,
like many flaviviruses, ZIKV also uses multiple ‘receptors’ to mediate attachment and entry
(Hamel et al., 2015). Similar to other members of the Flavivirus genus, it contains a
positive, single-stranded genomic RNA encoding a polyprotein that is processed into three
structural proteins, i.e., the capsid (C), the precursor of the membrane (prM), and the
envelope (E), and seven nonstructural proteins, i.e., NS1 to NS5 (Kuno et al., 1998). Virus

replication occurs in the cellular cytoplasm of the host cell.
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2.4.2. Global distribution of Zika virus

Literature documented that it was first discovered during scientists conducting a YF study in
Uganda at the Zika forest in 1947 accidentally where they also observed a fevered rhesus
macaque placed in a cage near the East African Virus Research Institute in Entebbe. The
monkey that was kept for YF study purpose developed a fever, and researchers isolated from
its serum a transmissible agent that was first described as ZIKV in 1952 (Dick et al., 1952).
Arguments between many researchers showed that ZIKV has probably been circulating in
nature in a sylvatic cycle for many decades and seldom spilling undetected into human
populations across Africa with unknown regularity (Nutt and Adams, 2017).

Later on, following the virus isolation, the first ZIKV case was reported in the human being
in Uganda and Tanzania in 1954 (Dick, 1952). Before 2007, there were rare reports of
confirmed cases of ZIKV infection from Africa and the Southeast Asian continent. Later on,
in 2007, a major epidemic occurred in Yap Island (Micronesia) which involved about 5000
persons (Duffy et al., 2009; Lanciotti et al., 2008) and Gabon (Grard et al., 2014). The
outbreak on the island of Yap in the Federated States of Micronesia in April 2007 was the

first to occur outside of Africa and Asia (figure 4).

The virus has spread to the South and Central America and the Caribbean area since April
2015. From January 2016, the CDC gives a frequent alert for travelers, pregnant women, and
those who have the intention to be pregnant. WHO had been alerted the virus could likely

spread further throughout most of America during that time (Hennessey et al., 2016).

Starting from early 2016, a widespread outbreak of ZIKV is actively flourishing in the
Americas make the starting point as early as April 2015 from Brazil then continue to other

areas of South America, Central America, Mexico, and the Caribbean (lkejezie et al., 2017).
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2.4.3. Zika in Ethiopia

Among the arboviruses, Zika is a poorly studied virus in Ethiopia. A study by Mengesha
Tsegaye et al.( 2018) revealed a 0.4% prevalence in two study zones of Ethiopia, that did not
include the present study area (Mengesha Tsegaye et al., 2018).

2.4.4. Hosts and life cycle of Zika virus

ZIKV hosts include many hosts including human beings. The virus has been detected in

primates, wild and domestic animals including, monkeys, sheep, goats, horses, cows, ducks,
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rodents, bats, orangutans, and carabaos (Althouse et al., 2015; Vorou, 2016). Bueno et
al.(2016) recommended that much wildlife could be a reservoir and sylvatic hosts of ZIKV
that demands detailed investigations. Anti-ZIKV antibodies were also detected in wild
mammals in Senegal in 1967-1968(Bres, 1970; Diallo et al., 2014).

Besides the vector Aedes aegypti mosquitoes, the virus was found to transmit through sexual
intercourse. The virus-infected mosquitoes will infect a first-person where at this time the
individual will acquire the virus. The first infected person will transmit the virus either
sexually or being infected by a potential mosquito. The virus then circulates between a

person/animal and the mosquito (Whitehead et al.,2007) (figure 5).
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Figure 5. The life cycle of the Zika virus

(Michigan Tech, 2020)

2.4.5. seroprevalence of ZIKV in humans

Since 1952 where the first virus was first identified in humans, it has been reported in many
parts of the world in humans as a primarily affected host (Dick et al., 1952; Duffy et al.,
2009; Musso et al., 2016).
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2.4.6. seroprevalence of ZIKV in animals

Initially, the virus has been isolated from monkeys (McCrae and Kirya, 1982). The virus also
has been reported in many non-human primates, wildlife, and other ungulates that are also
found infected with the zika virus (Darwish et al., 1983; Musso et al., 2015). Anti-ZIKV
antibodies were detected in ducks, goats, cows, horses, bats, and carabaos (water buffalo),
indicating the widespread circulation of the virus in domestic animals. The question of

whether birds transfer the virus over long distances remains unanswered (Olson et al., 1983).

2.4.7. Transmission, infection, pathogenesis and clinical manifestations in humans and
animals

The virus primarily passes after the bite of an infected mosquito (Aedes aegypti). After
mosquito bite or another route of transmission of the virus, the virus is thought to replicate
initially in dendritic cells near the site of inoculation then spread to lymph nodes and the
bloodstream. Even though flaviviral replication is assumed to occur in cellular cytoplasm, a
study also suggested that ZIKV antigens could be found in infected cell nuclei (Buckley and
Gould, 1988). Regarding the period of viral detection, it has been detected in human blood
as early as the day of illness onset and viral nucleic acid has been detected as late as 11 days
after onset (Filipe et al., 1973; Lanciotti et al., 2008). Viral isolation was done from the

serum of a monkey 9 days later after experimental inoculation (Dick et al., 1952).

The illness after the Zika virus is not life-threatening and notoriously, it is serious mainly
because of its link to the birth defect microcephaly where babies to be born with abnormally
small heads and adults with neurological signs (Macdonald et al., 2014). According to the
WHO notification, in the last five years, extensive studies showed the virus is spreading
alarmingly. Therefore, ZIKV has been declared as an international public health emergency

(WHO, 2020b) even though the virus is not life-threatening as such.

Simpson was the first person who well-documented human ZIKV diseases in 1964 after his
own occupationally acquired ZIKV illness at age 28 (Simpson, 1964). It began with a mild
headache followed by a maculopapular rash covering the face, neck, trunk, and upper arms,

and spread to the palms and soles. Transient fever, malaise, and back pain also developed. By
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the evening of the second day of illness, he was afebrile, the rash was fading, and he felt

better. The virus was isolated during the febrile period.

Similarly, in 1973, Filipe et al. (1973) reported laboratory-acquired ZIKV illness in a man
with an acute onset of fever, headache, and joint pain but no rash. ZIKV was isolated from
serum collected on the first day of symptoms; the man’s illness resolved in =1 week. Fever is
the most common sign in ZIKV patients(Olson et al., 1981) Other manifestations included
anorexia, diarrhea, constipation, abdominal pain, dizziness, conjunctivitis, and arthralgia
(Duffy et al., 2009; Lanciotti et al., 2008). Other less frequent manifestations included
myalgia, headache, retroorbital pain, edema, and vomiting (Duffy et al., 2009).

2.4.8. Transmission, infection, pathogenesis and clinical manifestations in humans and
animals

In literature, so far there have not been any reports of animals becoming sick with ZIKV.
Also, no confirmed report suggests animals contribute to the spread of ZIKV. Besides, there

is no evidence that ZIKV spreads to people from direct contact with animals (CDC, 2018)

2.4.9. Host immune response

Similar to other infections, the early responses by the innate immune system are the first line
of host defense for the suppression of viral infections. IFN production is a major component
of the innate response and the transcriptional regulation of numerous IFN-regulated genes
leads to an antiviral environment (Schneider et al., 2014). Humoral Immunity is another
immune response to Zika virus infection that produces neutralizing antibodies that are
thought to be a major factor in the protection against ZIKV infection (Sapparapu et al., 2016;
Stettler et al., 2016; Swanstrom et al., 2016). The third immune response for ZIKV infection
is the cell-mediated immunity system. Studies for many flaviviruses such as dengue fever,
yellow fever, and Japanese encephalitis showed that there are strong CD4+ and CD8+ T cell
responses. With this fact, findings presented the argument that due to the high degree of
sequence homology between DENV and ZIKV, some of the HLA-restricted CD8+ T cell
epitopes may be conserved (Rivino and Lim, 2016). ZIKV-specific T cell responses have

been elaborated on in animal models and humans (Stettler et al., 2016).
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2.4.10. Diagnosis of Zika virus

2.4.10.1. Clinical diagnosis

Clinical signs of Zika virus infection are not specific and confident to confirm the virus
presence. The increment of neurological syndromes such as Guillain-Barré Syndrome, other
neurological syndromes (meningitis, meningoencephalitis, and myelitis), increase in
microcephaly, and other congenital anomalies (Pan American Health Organization / World
Health Organization, 2016). Clinical based diagnosis of the Zika virus is difficult (loos et
al., 2014).

2.4.10.2. Serological diagnosis

During the serological ZIKV examination, ELISA and Indirect Immunofluorescence (I1FT)
may be used for indirect determination of the presence of the antibodies of the virus(Elisa,
2016). The serologic test for Zika virus is virus-specific to IgM and neutralizing antibodies
typically develop toward the end of the first week of illness. IgM levels are variable, but
generally are positive starting near day four post onset of symptoms and continuing for 12
weeks. The other CDC recommended diagnostic method is the Zika MAC-ELISA method
where the Zika IgM antibody capture enzyme-linked Immunosorbent Assay (Zika MAC-
ELISA) is used for the qualitative detection of Zika virus IgM antibodies in serum or
cerebrospinal fluid; however, due to cross-reaction with other flaviviruses and possible
nonspecific reactivity, results may be difficult to interpret. Consequently, presumed positive,
equivocal, or inconclusive tests must be forwarded for confirmation by plaque-reduction
neutralization testing (PRNT). PRNT is performed as a CDC-designated confirmatory testing
laboratory to confirm presumed positive, equivocal, or inconclusive IgM results  After fever
onset and viremia occurred due to the viral RNA on the course of infection, there is a
development of 1gG antibody following the IgA/IgM detection. In the course of infection
detection, these antibody classes may be observed at the same time(Elisa, 2016). Detection
of the IgG against the Zika virus is also another screening method to identify the previous
infections of the hosts (Elisa, 2016; Liao et al., 2020). ZIKV has a high structural similarity
with other flaviviruses that can cause cross-reactions of the specifically mentioned
antibodies, hence serological interpretations require additional parameters. Serological

interpretations should consider into account the previous history of contact with other
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flaviviruses and vaccinations. In serological ZIKV examinations, using a highly specific NS1
antigen excludes the cross-reactivity issue (Elisa, 2016). Serological testing is recommended
for ZIKV infections older than 7 days, although, antibodies can be detected in the blood from

day five onwards.
2.4.10.3. Molecular diagnosis

Detection of Viral RNA depends on the disease stage. Hence, the molecular testing used for
symptomatic persons with Zika virus infection was detected in the early course of illness. In
serum diagnosis, an RNA NAT (nucleic acid testing) based testing should be performed in
the first two weeks after symptom onset. Similarly, during urine sample diagnosis, an RNA
NAT testing should also be conducted within less than 14 days after symptom onset.
According to the CDC, a diagnosis for Zika virus includes the Trioplex Real-Time RT-PCR
(rRT-PCR) assay. This method is only recommended for use under an Emergency Use
Authorization (EUA) (CDC, 2019a). The Trioplex Real-Time RT-PCR (rRt-PCR) is used to
detect Zika, dengue, and chikungunya RNA viruses. Variable duration after infection onset
is recommended for virus detection using PCR. In a pregnant woman, the virus could be
detected after several weeks in individual cases. Compare to serum or plasma, ZIKV could
be detected in urine by PCR for a longer period. On the other hand, urine should always be
collected with a patient-matched serum specimen. A positive RNA NAT result on any
sample confirms ZIKV infection and no additional testing is indicated. A negative RNA
NAT result does not exclude ZIKV infection and serum should be analyzed by IgM antibody
(serological) testing. Direct pathogen detection with real-time PCR is also possible in the
early phase of the virus infection. This direct detection is accomplished with the reverse
transcription of the viral RNA into complementary DNA (cDNA), followed by the PCR
amplification and fluorescence-based real-time detection of virus genome sequences (Elisa,
2016).

2.4.11. Control of Zika virus

WHO recommends protection of ZIKV can be done by preventing mosquitoes from bit and
removing their breeding sites, avoid unsafe sexual intercourse, and planning traveling sites
(CDC, 2019; WHO, 2018c). Prevention and reduction of mosquitoes could be done through
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insect repellent, wearing clothes (light-colored), using physical barriers such as screens,
closed doors, and windows, and sleeping under mosquito nets. Making empty or clean or
cover containers that can hold water such as buckets, flower pots, or tires to reduce or make
unavailable for breeding sites (CDC, 2016; WHO, 2018c).

The ZIKV disease is naturally relatively mild and requires no specific treatment. Getting
plenty of rest, drinking enough fluids, and treat pain and fever with common medicines are
recommended when a ZIKV infection occurred. In cases of poor recovery after going
through these steps, it is better to seek medical care and advice. There is currently no vaccine
available (CDC, 2016; WHO, 2018c).

2.5. Yellow Fever

2.5.1. Biology of Yellow fever

Yellow fever virus (YFV) is the model of the genus Flavivirus of the family Flaviviridae and
causes YF disease (Monath and Nystrom, 1984). YFV has two biological properties,
viscerotropism, and neurotropism, which are basic characteristics for wild-type YFV strains.
These characteristics are associated with intense shock and inflammatory response syndrome

(SIRS), likely mediated by pro-inflammatory cytokines and cytokine dysregulation (Marfin
& Monath, 2008). The YFV genus consists of at least 68 viruses grouped based on shared

antigenic determinants and physicochemical properties. The relatively specific neutralization
test using polyclonal antisera has been used to distinguish at least eight antigenic complexes
to which closely related flaviviruses are assigned (Monath, 1999). The virus could live
commensally with the forest and bush-living mosquitoes including Aedes spp.,
Haemagogus spp., and Sabethes spp., after infecting the mosquitoes. Inthe case of
A. aegypti the virus may persist through the dry season by transovarial transmission. The
mosquito represents the reservoir host and largely determines the geographic distribution and

persistence of the virus in nature (Abee et al., 2012).
2.5.2. Global distribution of yellow fever

Yellow fever is a mosquito-borne viral disease, originally came from West Africa

specifically (CIiff et al.,2004). In the 16" or 17" century, the larvae of its carrier, the Aedes
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aegypti mosquito was likely transported from West Africa to the New World in water casks
carried aboard via ships carrying slaves ships and found an ecological niche in its new home
(Facts and details, 2014; Pedro, 2009). It is known to cause hemorrhagic fever. The disease is
endemic in equatorial Africa and South America (Gould et al., 1989; Monath, 2001).
Specifically, the disease occurs in tropical areas of Africa and South America, and each year
there are an estimated 200,000 cases of YF worldwide, leading to approximately 30,000
deaths (MedicineNet, 2020; Robertson et al.,1996).

Based on WHO annual reports, the occurrence of YF is mainly concentrated in 47 endemic
countries in Africa in Central and South America. Of the total, 90% of cases of YF reported
every year comes from Sub-Saharan Africa (Facts and details, 2014; WHO, 2017b) (Figure
7). In YF history, the first epidemics occurred in Mexico and Guadeloupe in the year 1648.
Then, a regular and devastating epidemic of YF followed across the Caribbean, Central and
South America, the southern United States, and Europe throughout the 18" and 19"
centuries. The epidemic was able to cease the slave trade for a while until a formal
quarantine system was established (Pearson and Miles, 1980). The quarantine system was
already implemented in Europe due to the plaque that occurred before YF. In the USA urban
form of the YF continued, kill the inhabitants of Philadelphia. The high mortality due to YF
leads to the failure of the French Panama canal (Gallup and Sachs, 2000; McCullough,
1977). In Europe, even the natural sylvatic cycle of yellow fever is not feasible, YF
transmission with infected tourists from Latin America and Africa would remain the potential
source of infection for many touristic areas due to the presence and increased distribution of
potential mosquitoes that transmits the virus (Javelle et al., 2019). The virus is reported in
many African countries, mainly the sub-Saharan region. According to a WHO report, more
than 27 countries are at the highest risk for YF epidemics in Africa. Overall, the estimate of
YF burden is at 84,000-170,000 severe cases and 29,000-60,000 deaths annually (WHO,
2020d). Some of the countries that reported YFV in Kenya (Chepkorir et al., 2019),
Uganda(WHO, 2011), Ethiopia (Lilay et al., 2017), South Sudan (Onyango et al., 2004),
Angola, and the Democratic Republic of Congo (Kraemer et al., 2017) (figure 6).
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(WHO, 2018b)

2.5.3. Yellow fever in Ethiopia

The YF epidemic history in Ethiopia goes to the 1960s where still it is at risk among the
African countries (Sérié et al., 1968; Staples & Gershman, 2010). Since the first detection of
the virus epidemic in Ethiopia, various research and outbreak investigations showed as the
YFV is circulating in different locations of the country (Serie et al.,1968). Between 1960-
1962, Ethiopia faced a large YFV outbreak mainly within the location of Gamo Gofa,
Wollega, Jinka, and Kaffa resulted in 30,000 deaths, and 100,000 infections of a case fatality
rate estimated to 30%. During the outbreak, mores cases of YF were seen in males and
adults than females and children. Likewise, another outbreak occurred in Arba-Minch, east of
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Lake Abaya, where it has not occurred in the previous outbreak in 1966 and resulted in the
death of 450 and 2200 infections (Serie et al., 1968). In 2013 YF outbreak re-occurred in the
South Omo Zone, the Southern part of Ethiopia’s and resulted in many deaths (Lilay et al.,
2017). Recently, another YF outbreak was reported from Gurage and Wolayita areas of
South parts of Ethiopia (WHO, 2020c).

2.5.4. Life cycle and hosts of yellow fever

In its character, an acute viral infectious disease is transmitted to humans through the bite of
infected mosquitoes. This virus involves non-human primates (animals). The hosts of YF
include both humans and monkeys. The cycle of YF transmission occurs as follows: a tree-
hole breeding mosquito bites an infected monkey, then it acquires the virus and can pass the
virus on to any number of other monkeys that it may bite (Yellow Fever, 2020). Since there
are natural animal hosts, the eradication of yellow fever is impossible currently (WHO,
2017h).

According to the CDC report, the life cycle of YF is accomplished in three ways, (1) jungle
(sylvatic), (2) intermediate (Savannah), and (3) urban. The jungle (sylvatic) cycle involves
the transmission of the virus between non-human primates (e.g., monkeys) and the
potentially various mosquito species found in the forest canopy. The jungle cycle occurs in
the tropical rainforests of Africa and South America. Mosquitoes from monkeys to humans
transmit the virus when humans are visiting or working in the jungle. In most African
situations, an intermediate (savannah) cycle exists involving the transmission of the virus
from mosquitoes to humans living or working border areas of the jungle. In the savannah
cycle, the virus can be transmitted from monkey to human or from human to human via
mosquitoes in most Savannah areas of the African region, which is the most common in this
region. The urban cycle involves the transmission of the virus between humans and urban
mosquitoes that cause a serious outbreak. The virus is usually brought to the urban setting by
a viremic human who was infected in the jungle or Savannah or through accidental

transportation of infected mosquitoes (CDC, 2017; Gardner and Ryman, 2010) (figure 7).
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2.5.5. Epidemiology of yellow fever in humans

Yellow fever virus can affect humans of all ages and gender across the globe as far as
infected mosquito bites them, despite the level of exposure varies in between the groups
(Johansson et al., 2010). In many studies, it was found a high prevalence of YF in males
compared to females that deduced due to the increased movement and daily activities that
lead them to exposure (Bundschuh et al., 2013). According to the WHO report, in an

endemic area, the young are more affected compared to adults (WHO, 2019).

2.5.6. Epidemiology of yellow fever in animals

Yellow fever is mainly reserved and circulates in wild primates that potentially be sources for

humans transmitted through the mosquitoes (de Jesus et al., 2020). A seroepidemiological
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survey for YF antibodies in domestic animals (camel, cattle, sheep, and goats) evidenced the

detection of the viruses (Adu et al., 1990).

2.6.7. Infection, pathogenesis, and clinical manifestations in humans of YFV

As for many other infectious diseases, YF infection presents with a broad spectrum of
severity, with clinical presentation ranging from asymptomatic (in apparent) infection to fatal
disease. The ratio of inapparent to apparent infection was estimated in field studies in Africa
to approximate 7-12:1 (Monath, 2012). Direct studies on the pathogenesis of YF in humans
are limited and much of the current knowledge is derived from comparative medicine studies
in experimental models (Monath and Barrett, 2003). Wild-type YFV is primarily
viscerotropic, with the liver being the most affected organ; however, the kidney, spleen,
lymph nodes and heart, and probably other tissues are also injured by YFV. Many of the YF
cases are mild and self-limiting, yet it can also be a life-threatening disease by causing

hemorrhagic fever and hepatitis (where the term "yellow" came from jaundice it can cause).

In humans, the clinical sign ranges from its mildest form to a severe stage. In its mildest
form, YF is characterized by sudden onset of fever and headache without other symptoms.
Other patients experience an abrupt onset of a high fever (up to 104°F [40°C]), chills, severe
headache, generalized myalgias, lumbosacral pain, anorexia, nausea, vomiting, and dizziness
(Kemp, 1890; Knipe, 2007; Monath, 1987). The patient appears acutely ill, and examination
might demonstrate bradycardia concerning the elevated body temperature (Faget’s sign). The
patient is usually viremic during this period, which lasts for approximately 3 days. Many
patients have an uneventful recovery, but in approximately 15% of infected persons, the
illness usually recurs in a more severe form within 48 hours following the viremic period.
Symptoms include fever, nausea, vomiting, epigastric pain, jaundice, renal insufficiency, and
cardiovascular instability where viremia generally is absent during this phase of symptom
reactivation. A bleeding diathesis can occur, with hematemesis, melena, metrorrhagia,
hematuria, petechiae, ecchymoses, epistaxis, and oozing blood from the gingiva and needle-
puncture sites. Physical findings include scleral and dermal icterus, hemorrhages (e.g.,
hematemesis, melena, petechiae, ecchymoses), and epigastric tenderness without hepatic

enlargement (Ayorinde et al., 2016; Gardner and Ryman, 2010).
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2.5.7. Infection, pathogenesis and clinical manifestations of YFV in animals

Yellow fever virus has been shown to infect a variety of primate species. In African species,
infection is associated with viremia but few clinical signs and is eliminated with rising
neutralizing antibodies generally within a few days. YF wild hosts in the sylvatic cycle
include the baboons, mangabeys, chimpanzees, red colobus monkeys (Pilocolobus badius),
African green monkeys, and Patas monkeys. Viremia in these animals serves to propagate the
virus in vector species and may initiate the urban cycle when transmission to peridomestic
mosquitoes such as A. aegypti occurs. Once established in mosquito species that feed on
humans, epidemics may become established in human populations (Wachtman & Keith,
2012).

2.5.8. Host immune response to Yellow Fever

The immune responses showing nearly the same in many studies with an effective production
of the antibody for the virus vaccinated at different places of the world. IgM is the antibody
produced after the infection or vaccination of a person by YFV (Gibney et al., 2010).
Detailed examination showed that the humoral (neutralizing antibody) and cellular (CD8 and
CD4 T cell) immune responses for YF are seen in the host immune system (Kongsgaard et
al., 2017).

2.5.9. Diagnosis of Yellow Fever

This virus could be diagnosed according to the guideline of CDC generally can be
accomplished by testing of serum to detect virus-specific IgM and neutralizing antibodies.
Sometimes the virus can be found in blood samples taken early in the illness. In fatal cases,
nucleic acid amplification, histopathology with immunohistochemistry, and virus culture of
biopsy or autopsy tissues can also be positive (CDC, 2015).

2.5.10. Control of Yellow fever

WHO stated the control of YF can be done through the elimination of mosquito breeding
sites. The effective way to prevent the transmission of this disease, however, relies on
vaccination of the population at risk (WHO, 2008). Other preventive measures that decrease

the risk of YFV infection include clothes that cover the entire body, wearing insect repellant
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and remaining in well-screened areas. Unfortunately, there is no specific treatment for YF.
There are no specific medications to treat YFV infections; treatment is directed at
symptomatic relief or life-saving interventions. Rest, fluids, and the use of analgesics and
antipyretics may relieve symptoms of fever and ache (Gershman et al., 2012). If there is an
associated bacterial infection then it should be treated with the appropriate antibiotic (WHO,
2008).

2.6. Rift Valley Fever
2.6.1. Biology of Rift valley fever

Rift valley fever virus is a family Bunyaviridae and a member of the Phlebovirus genus. In
structure, the virions are enveloped and contain 3 single-stranded RNA genome segments
designated large (L), medium (M), and small (S) coding for the viral proteins (Swanepoel
and Coetzer, 2004). The L and M segments are negative in polarity while the S segment is
ambisense (positive and negative sense)(Giorgi et al., 1991). The functions of segments; the
L-segment encodes the viral RNA polymerase used for replication and mRNA transcription,
the M-segment encodes two glycoproteins (Gn and Gc) and a nonstructural protein that can
be expressed by itself (Nsm1) or infusion with Gn (NSm2)(Gerrard & Nichol., 2007). In an
assembled structure, the RVFV particles possess a lipid-bilayered, enveloped virion, with the
surface of each particle (Ellis et al., 1977) and is composed of subunits of Gn and Gc
heterodimers, forming an ordered icosahedral shell of 122 capsomers (Huiskonen et al.,
2009).

2.6.2. Epidemiology of Rift Valley fever

Since the first examination in Kenya, various outbreaks have been seen in Sub-Saharan
countries RVFV has been detected across Africa, from Senegal to Madagascar, and from
Egypt to South Africa. In 2000, RVFV reached the Arabian Peninsula. Moderate or large
outbreaks have been documented in the Horn of Africa (1989, 1997-1998, 2006-2007) were
associated with widespread rainfall. For predicting RVF outbreaks in this area, a model based
on several satellite-derived observations has been proposed(Anyamba et al., 2009; CDC,
2020Db) (figure 8).
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In 1977, an explosive outbreak was reported in Egypt. The RVF virus was then introduced to

Egypt via infected livestock trade along with the Nile irrigation system. During 1997-98,

another major outbreak occurred in Kenya, Somalia, and Tanzania just following an El Nifio

event and extensive flooding across the region (Himeidan et al., 2014). Due to the trade of

infected livestock commonly from the horn of Africa, RVF spread in September 2000 to

Saudi Arabia and Yemen, marking the first reported occurrence of the disease outside the

African continent that raised a concern of extending to other parts of Asia and Europe. The

RVFV could result in human infection mainly from direct or indirect with the blood or

organs of infected animals (Gershman et al., 2012). A human can acquire the virus through

the handling of animal tissue during slaughtering or butchering, assisting with animal births,
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conducting various veterinary procedures, or from the disposal of carcasses or fetuses(Archer
et al., 2013). Hence, certain occupational groups such as herders, farmers, slaughterhouse

workers, and veterinarians are supposed to be at higher risk of infection (Paweska, 2008)
2.6.3. Life Cycle and hosts of rift valley fever virus

The life cycle of RVF has two known cycles called the sylvatic cycle and domestic. The
sylvatic cycle is maintained directly by multiple mosquito vectorsand perhaps some
combination of mammal hosts in varied topography. The full complement of sylvatic
unknown but could include ruminants and rodents as important hosts and perhaps bats to a
lesser degree too. Aedes/Culex mosquitoes act also as bridge vectors for the virus to livestock
or less commonly directly to humans. Animal husbandry most frequently exposes humans to
RVFV infection. There is also a direct transmission from mosquitoes to humans as a
distinctly viable route of infection (Ahmed, 2010; Balenghien et al., 2013; Zeller et al., 1997;
Infection Landscapes, 2012) (figure 9).

The RVFV is a zoonotic disease that affects ruminants and is characterized by high rates of
abortion and death in young and adult animals. The virus also affects human beings where
the symptoms are usually mild. Whenever the cases are severe hemorrhages,
meningoencephalitis, retinopathy, and death can occur (Swanepoel and Coetzer, 2004).

Studies showed that animals are first affected than human beings (Nicoletti, 2014).
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Figure 9. The life cycle of Rift VValley Fever

source (Infection Landscapes, 2012).
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Aedes mosquitoes are primarily responsible for maintaining endemicity in sylvatic and
domestic animal populations due to transovarial transmission and relatively low viremia
among mammalian hosts leading mosquitoes to act as the primary natural reservoir for
RVFV. This cycle is unusual for arthropod-borne viruses as there is typically a vertebrate
host in the environment that serves as a natural reservoir (Ahmed, 2010; Balenghien et al.,
2013; Zeller et al., 1997; Infection Landscapes, 2012).

Primarily, the RVFV is transmitted between ruminants through the bites of mosquitoes of
numerous genera and species. In the case of humans, in addition to infection through these
vectors, they are also infected by the contact or inhalation of aerosols generated when
handling sick or dead infected animals or their fresh tissues(Davies et al., 1985). The
lifecycle is described in figure 10 (Mansfielda et al., 2015).
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2.6.4. Infection, pathogenesis and clinical manifestations in humans and animals

The RVF infection, replication, and transmission involve complex interactions between the
virus and various cells/tissues/organs of the vector. The successful transmission of the RVFV
requires the ingestion of the virus to the vector midgut. This happens after the vector
ingested a viremic blood meal from a host. Then the virus must enter the epithelial cells of
the midgut, replicate and escape from the midgut cells into the hemolymph. This is followed
by infection of secondary organs, including the salivary glands, where the virus enters the

saliva and can then be transmitted to a new host (Hardy, 1998).

In many cases, patients with RVF show or suffer from a self-limiting, febrile illness.
Nonetheless, some other patients develop pathological forms such as neurological disorders,
vision loss, hemorrhagic fever, or thrombosis as shown in the following chart (Ikegami and
Makino, 2011) (figure 11).

| Self-imiting febrile iiness : : Hemorrhagic fever : q
— Severe chills, headache, nausea, body pain, fever efc. Macular rash, ecchymoses, bleeding
1 3to 4 days J 1o 6 days
Temporal recovery (normal body temperatura) ( some have DIC without bleeding)
Biphasic febrile phase l 1 to 3 days Dealh
Fever, headache etc.
l 1to 10 days
= Mormal body temperature ¢ Thrombosis i
Abdominal discomfort, weakness, headache etc. — Legpalnihrombnslsembolus
Convalescence phase l 2 weeks of More J.
B Recovery Weeks to months Weeks to months Death
... Vision loss | Neuroiogical disorders
Loss of central vision, blurred eye Fever, neck rigidity, confusion, convulsive attack, hyperflexia etc
1 l manths to years
Complete or partial blindness Uncertain prognosis

Figure 11. Pathogenesis of rift valley fever

(source: (Ikegami and Makino, 2011).

Typically, people infected with RVF show clinical sign such as self-limiting febrile illness,

neurological disorders, vision loss, hemorrhagic fever, thrombosis, and the possibility of
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vertical transmissions (Abdel-Aziz et al., 1980; Alrajhi et al., 2004; Daubney et al., 1931;
Deutman and Klomp, 1981; Kitchen, 1934; Maar et al.,1979; Mundel and Gear, 1951;
Smithburn, and Mahaffy, 1949).

2.8.4. Infection, pathogenesis and clinical manifestations animals

The clinical manifestations depend on the age and pregnancy of affected animal species
During epidemics, the occurrence of numerous morbidity and mortalities among young
animals is characteristic. Signs such as severe illness, abortions are characteristics in animals.
Pregnant sheep and cattle affected by this disease will usually abort (80-100%)(OIE, 2018).

The pathological changes after RVFV infection of mice mimic the pathology findings in
newborns' lambs, hence they show, ruffed hair, death after encephalitis, paralysis, liver
lesions (coagulative necrosis), and depletion of glycogen in hepatocytes (Smith et al., 2010).

2.6.5. Host immune response for Rift Valley Fever

The innate and adaptive immune responses contribute to the clearance of RVFV in infected
hosts (Bird et al., 2009; do Valle et al., 2010). The evidence so far for the role of innate
immunity is frequently based on results from experimental models (Bouloy et al., 2001; do
Valle et al., 2010; Morrill et al., 1990; Morrill et al., 1991). Interferon-alpha (IFN-a) is
believed to protect against RVFV because monkeys that secreted this cytokine within 12 h of
being challenged with RVFV did not develop the disease (Morrill., et al., 1990). However,
RVFV non-structural (NSs) protein inhibits IFN-a and IFN-B production/induction, thereby
enabling early replication and viremia (Bouloy et al., 2001; lkegami et al., 2009). Anti-
RVFV antibodies are detectable 4 to 8 days following infection(Paweska et al., 2005a;
Paweska, et al., 2005b; Williams et al., 2011). Neutralizing antibodies are believed to be
crucial for the protection of infected hosts (Morrill et al., 1990; Pepin et al., 2010b). The
innate immune systems activate the IFN and signal T cells and B cells to begin the translation

to an adaptive immune response (Paul, 2008).
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2.6.6. Diagnosis of rift valley fever

2.6.6.1. Clinical diagnosis of rift valley fever

Early detection of suspected cases is crucial to ensure timely control measures to be applied
to lessen the disease burden. Commonly a sudden onset of large numbers of abortions
(‘abortion storms’) and mortalities among young animals in affected livestock, together with
the appearance of the disease in humans, is considered characteristic of an RVF epidemic

(Infection Landscapes, 2012).

2.6.6.2. Serologic diagnosis of rift valley fever

In the early stage of illness in the blood and postmortem tissue, the virus may be detected by
antigen-detection ELISA. Antibody testing using an enzyme-linked immunoassay (ELISA)
can be used to confirm the presence of IgM antibodies, which appear as an early, transient
response, and 1gG antibodies, which persist for several years. Both IgM and IgG antibodies
are specific to the RVFV (CDC, 2020a).

2.6.7. Control and prevention of rift valley fever

Due to the economic impacts of the disease are devastating, timely surveillance to monitor
for RVF infection in animal populations and immediate notification upon detection are
essential elements for the prevention and control of RVF. Controlling the vector (mosquito)
population through spraying and management of breeding grounds has also been an effective
mechanism. Systems used to monitor variations in climatic conditions can provide warning
of impending conditions that favor the flourishing of mosquito populations and signal the

need to implement enhanced control measures (OIE, 2018).

Vaccination can be used for the prevention of RVF in animals in areas where the disease is
endemic. A modified live vaccine is available that requires only one dose and produces long-
lived immunity, but is not recommended for pregnant animals due to the risk of abortion. The

inactivated RVF vaccines, also widely and successfully used do not cause unwanted effects,
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but these are more expensive to produce and require multiple doses to produce protective

immunity (Nielsen et al., 2020).

Nowadays an inactivated vaccine has been developed for human use. However, this vaccine
is not licensed or available commercially but has been used experimentally to protect
veterinary and laboratory personnel at high risk of exposure to RVF. Natural immunity will
develop in humans who have contracted RVF and recovered from the disease (Rusnak et
al.,2011). Personal protective clothing, such as long shirts and trousers, use bed nets and
insect repellent, and avoid outdoor activity at peak biting times of the vector species is an
effective measure. Care must be taken when handling sick animals or human patients, their

tissues, and samples (Paweska and Vuren, 2013).

2.7. Chikungunya virus

2.7.1. Biology of chikungunya virus

The CHIKYV is a re-emerging mosquito-borne viral disease transmitted by Aedes mosquitoes
that mostly results in acute and chronic articular cases in humans (Lumsden, 1955; Simon et
al., 2008). CHIKYV is a positive single-stranded (ss) RNA virus that belongs to Alphavirus
(IV) genus of the family Togaviridae. It belongs to the Semliki Forest Virus (SFV) complex.
The virus “chikungunya” is derived from a word in the Swahili or Makonde/Kimakonde
language, meaning “to become contorted/that which bends up” showing the suffers within
joint pain. Alphaviruses can be broadly divided into New World and Old World viruses
(Peters and Dalrymple, 1990; Rulli et al., 2005). Both viruses group have their distinct ways
in which they interact with their respective hosts and variability in their pathogenicity,
cellular and tissue tropism, cytotoxicity, and interference with virus-induced immune
responses. The virus genome encodes two open reading frames the 5’ end encodes the virus
non-structural proteins (NSP) 1-4, which together form the virus replicase, whereas the 3’

ends encode the capsid and the envelope glycoproteins (Solignat et al., 2009).
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2.7.2. Epidemiology of chikungunya virus

CHIKV was first identified in southern Tanzania in 1952 and then occasionally causes
outbreaks in Africa and Asia (Robinson, 1955; Simon et al., 2008). Following this, it is being
reported in many parts of the world. Between the 1960s and 1990s, the virus was repeatedly
reported from numerous countries in Central and Southern Africa, including Sudan, Uganda,
the Democratic Republic of Congo, the Central African Republic, Malawi, Zimbabwe,
Kenya, and South Africa (Powers and Logue, 2007). CHIKV has been also isolated in
Western African countries, including Senegal, Benin, the Republic of Guinea, Cote d’Ivoire,
and Nigeria (Lumsden, 1955; Schwartz and Albert, 2010).

In Southeast Asia, frequent outbreaks were reported from the 1960s through to 2003 in India,
Malaysia, Indonesia, Cambodia, Vietham, Myanmar, Pakistan, and Thailand (Powers and
Logue, 2007). Indeed, numerous cities, including Bangkok and Calcutta identified as

particularly active sites of CHIKV transmission and disease cases (Powers and Logue, 2007).

Since the beginning of 1986, CHIKYV outbreaks resurged with major clusters documented in
Senegal (1986, 1996, and 1997), Cote d’Ivoire (1996 and1997), Democratic Republic of
Congo (1998-2000), Indonesia (2003), Kenya (2004), Comoros (2005), the Seychelles,
Mauritius, Madagascar and Réunion islands (2005-2006), and India (2006 and 2007) Powers
and Logue, 2007).

CHIKV cases have been also reported in Europe (United Kingdom, Belgium, Germany,
Czech Republic, Norway, Italy, Spain, and France), Hong Kong, Canada, Taiwan, Sri Lanka,
and the United States; however, these were directly associated with the return of tourists
from India and the affected islands of the Indian Ocean (Pardigon, 2009; Powers and Logue,
2007). Currently, chikungunya fever is reported in over 60 countries from Asia, America,
Europe, and Asia (WHO, 2020a).

There are 2 epidemiological transmission cycles of CHIK fever: a sylvatic cycle, occurring
primarily in Africa mainly between wild primates and arboreal Aedes mosquitoes (Chhabra et

al., 2008; Powers and Logue, 2007), where humans are accidental hosts; and an urban

39



human-mosquito-human transmission cycle that typically occurs in cities in Asia (Chhabra et
al., 2008).

Including Africa, the virus identified in Asia, and the Indian subcontinent, Europe, and the
American region(Pan American Health Organization, 2015). The CHIKV Phylogenetic
sequence analyses indicate that the CHIKV originated in Africa over 500 years ago (Volk et
al., 2010) (figure 12).
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Figure 12. Map showing the geographic distribution of endemic CHIKV and its primary

vectors, Ae. aegypti and Ae. albopictus

Source: (Powers et al., 2000; Volk et al., 2010).

2.7.3. Life cycle and hosts of chikungunya virus

CHIKYV is maintained in a sylvatic cycle among forest-dwelling Aedes spp in many Africa
settings. mosquitoes, wild primates, squirrels, birds, and rodents (Diallo et al., 1999). The
sylvatic cycle uniquely maintains the CHIKV in Africa that comprises non-human primates
and different forest-dwelling mosquitoes species including Aedene mosquitoes (Ae.

Africanus, Ae. furcifer-taylori, Ae. dalzieli, etc.,) and non Aedene mosquitoes (Mansonia,
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Culex, etc.)(Diallo et al., 1999). The current understanding of sylvatic transmission is not

clear, where involvement of other species as reservoirs might occur (Sam et al., 2015).

The main vectors of CHIKV in Asia are Ae. aegypti and Ae. Albopictus (Kumar et al., 2008).
Transmission in Asia occurs in an urban cycle whereby the mosquito spreads the disease
from an infected human to an uninfected human (Jain et al., 2008). Hence, CHIKV is
transmitted to humans from infected non-human primates and other humans by the bite
of Aedes mosquitoes (Weaver, 2006). Evidence exists that CHIKV can also be passed from
an infected mother to a developing fetus (Chhabra et al., 2008; Pardigon, 2009).
Furthermore, inhalation of aerosolized CHIKV in a laboratory setting may lead to CHIKV
infection (Scherer et al.,1980). Transmission in the epidemic area is primarily through a
human—mosquito—human cycle involving the vectors; Aedes aegypti and Aedes albopictus
mosquitoes (Powers et al., 2000). Fundamentally, the virus is assumed to be maintained in
nature by circulation in arboreal primates (Sam et al., 2015) (figure 13). The host of CHIKV
ranges mainly from humans (Powers et al., 2000; Robinson, 1955) to non-human primates,
rodents, and birds (Pardigon, 2009; Pialoux et al., 2007).

The common transmission cycle is human-to-mosquito-human transmission well established.
In endemic areas of tropical and subtropical regions of sub-Saharan African and South East
Asia, two common transmission cycles are documented; the rural and the urban transmission
cycles. In the rural enzootic cycle, the transmission occurs between the forest or savanna
Aedese (Stegomyia) and animal reservoirs (Diallo et al.,1999; Jupp and McIntosh, 1990; Jupp
et al., 1981) where the nonhuman primates being the presumed major reservoir hosts (Inoue
et al., 2003; Thiberville et al., 2013). A study conducted from Bangkok and the surrounding
alluvial plain of the Chao, Phyra River showed a haemagglutination-inhibiting (HI) and
neutralizing antibodies to chikungunya in adult cattle, water buffalo, horses, pigs, dogs,
monkeys, rabbits, and bats yet, no antibodies were found in cats urban rodent species
(Halstead and Udomsakdi, 1964).
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Figure 13. The life cycle of Chikungunya virus.

(Diallo et al., 1999).

2.7.4. Infection, pathogenesis and clinical manifestations in humans

The CHIKV RNA genome encodes the two open reading frames. T Transmitted via
mosquitoes of the Aedes genus, CHIKV replicates in the dermal site of inoculation and is
then disseminated to other parts of the body. The CHIKV with an incubation period of 2-4
days is followed by a sudden onset of clinical symptoms that include high fever (usually >
38.5°C), rigors, cephalgia, myalgia, petechial or maculopapular rashes, and often
incapacitating arthralgia (Mourya & Mishra, 2006; Yazdani & Kaushik, 2007). The acute
phase viremia could have a viral load of 109 —1012 viral particle ml-1 , and a strong type 1
interferon (IFN) response with the production of inflammatory cytokines is usually observed
(Ng et al., 2009; Schilte et al., 2010). Acute symptoms are typically resolved within 2 weeks.
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Some of the Alphaviruses are not pathogenic to humans, whereas others are highly
infectious, with the associated clinical diseases ranging from mild to severe. Most alphaviral
infections in humans and domesticated animals are “dead-end” where the virus cannot be
transmitted to a new host; hence, the evolutionary pressure driving viral diversification may
be linked to their true host species (Griffin, 2007; Powers et al., 2001; Weaver and Reisen,
2010b).

From a clinical perspective, Alphaviruses are subdivided into those associated with
encephalitis (predominantly New World viruses) and those associated with polyarthritis and
a rash (predominantly Old World viruses). CHIKV particularly infects stromal cells of the
central nervous system, the lining of the choroid plexus. Hence, it is common to see cases of
meningoencephalitis (primarily in neonates) and hemorrhagic disease than the arthritogenic
cases (Griffin, 2007; Powers et al., 2001; Weaver and Reisen, 2010b).

During epizootic cycles, the CHIKV cycle mainly circulates with human-mosquito-human
that may maintain the virus during the interepidemic period (Chevillon et al., 2008; Mohan,
2006; Pialoux et al., 2007; Powers and Logue, 2007; Simon et al., 2008). In epidemics
situations, human beings serve as the CHIKV reservoirs; whereas; during interepidemic
periods, several vertebrates, such as monkeys, rodents, birds, are identified as the reservoir
hosts. Wild CHIKV maintenance in Asia is unknown. There is no evidence for transovarial
transmission of CHIKV in mosquitoes (Sam and AbuBakar, 2006). Documents show a

vertical maternal-fetal transmission of CHIKV in pregnant women.

Common symptoms of CHIKV infection include high fever, rigors, headache, photophobia,
and a petechial rash or maculopapular rash. Besides, most infected individuals complain of
severe joint pain that is often incapacitating (Mourya and Mishra, 2006; Yazdani and
Kaushik, 2007). A person with Chikungunya fever (CHIKF) may reach a high-grade fever
(102-105°F/ 39 to 40 °C) (Chevillon et al., 2008; Mohan, 2006; Mohan and Sharma, 2007;
Pialoux et al., 2007; Powers and Logue, 2007; Simon et al., 2008; Sudeep and Parashar,
2007). Other signs that might be observed in affected person include; abdominal pain,
constipation, cervical, or sometimes generalized lymphadenopathy (Bandyopadhyay and
Ghosh, 2008; Inamadar et al., 2008), arthropathy (Powers and Logue, 2007), direct impact on
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pregnancy with a higher risk of abortion in the first trimester and mother-to-child
transmission in the last trimester (Powers and Logue, 2007; Simon et al., 2008), hemorrhagic
manifestations of fulminant hepatitis (Economopoulou et al., 2009) and less frequent
manifestations of myocarditis after febrile illness may be observed. Other less include acute

febrile illness (Obeyesekere and Hermon, 1972).

In general, CHIKF affects all age groups, and both genders are equally affected. The
incubation period variably ranges from 3 to 12 days (usually 3-7 days). In susceptible
populations, the attack rates can be as high as 40-85% (Chevillon et al., 2008; Mohan, 2006;
Mohan and Sharma, 2007; Pialoux et al., 2007; Powers and Logue, 2007; Simon et al., 2008;
Sudeep and Parashar, 2007).

2.7.5. Infection, pathogenesis and clinical manifestations in animals

In nonhuman primates, the CHIKYV infection recapitulated the viral, clinical, and pathological
features observed in human disease. In the macaques, long-term CHIKV infection was
observed in joints, muscles, lymphoid organs, and liver, which could explain the long-lasting

CHIKYV disease symptoms observed in humans (Labadie et al., 2010).

2.7.6. Host immune response for chikungunya fever

The innate immune response against the virus consists of macrophages, dendritic cells (DCs),
and natural killer cells (NKs) and is followed by the activation of B and T lymphocyte-
mediated adaptive immune response. The subsequent generation of memory cells leads to a
specific response to the viral infection and protects from reinfection. Pathogen-specific,
humoral, and cell-mediated immune responses that together constitute adaptive immunity are
carried out by B and T lymphocytes, respectively. In a mouse model, induction of anti-
CHIKYV antibodies that subsequently led to rapid clearance of the virus was demonstrated.
Following that, B cell (uMT) knockout mice showed a more severe disease and persistent
viremia (for over a year) highlighting the importance of these antibody-producing cells for
CHIKV clearance (Lum et al., 2013). In mice that lack both B and T cells, prophylactic
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administration of anti-CHIKV monoclonal antibodies was sufficient to prevent virus
persistence (Hawman et al., 2013). Besides, therapeutic administration of a human
neutralizing monoclonal antibody in rhesus monkeys on days 1 and 3 after CHIKV infection
blocked virus spread and inflammation in several tissues including joints and muscles
(Broeckel et al., 2017). In humans, anti-CHIKV IgG is first detected in the early
convalescent stage, when naturally acquired 1gG response is dominated by the antibodies of
IgG3 subtype. An early appearance of these antibodies correlates with protection against
complications of chronic CHIKVD (Kam et al., 2012). The functional role of infection-
induced specific IgM against CHIKV is less well-characterized compared to immune 1gG
during acute and early convalescent phases of infection in mice and humans (Amor et al.,
1996).

2.7.7. Diagnosis of CHIKV

2.7.7.1. Serologic diagnosis of chikungunya virus

Alphavirus species can be characterized by a variety of serological methods
(hemagglutination inhibition, ELISA, complement fixation, and neutralization of viral
infectivity using reference serum samples) (Kucharz and Cebula-Byrska, 2014; Morrison,
2014). The recommended serum sample for CHIKYV IgG antibody is fourfold increase taken
during the acute and recovery phase is required to serodiagnosis, however, it is often
problematic to collect paired samples. Including CHIKV and other arboviruses, utilize
several serological assays have been developed, with high reliability and specificity. ELISA
is used as a first-line serological technique used for CHIKV diagnosis and others include
indirect immunofluorescence (IFA) assays, and the most suitable sample type is serum,
generally using 1/100 dilutions (Prat et al., 2014).

In the serologic diagnosis of CHIKYV, antigen detection would be a good alternative, as it
makes use of more accessible, established serology platforms such as ELISA and
immunochromatographic assays (ICAs). The diagnostic challenges for CHIKV are similar to
that of dengue, another Aedes-borne viral infection. The diagnosis of dengue has been greatly

aided by the recent introduction of NS1 antigen detection kits. On the other hand, there are
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currently no widely existing CHIKV antigen commercial assays. Moreover, the performance
characteristics of the CHIKV antigen detection ELISAs described to date are not clearly
defined (Kashyap et al., 2010; Shukla et al., 2009). These reported assays also use whole

virus antigen, which would require biosafety level 3 containments during preparation.

Serological diagnosis by detecting immunoglobulin M (IgM) or 1gG seroconversion is more
widely used, as it is relatively cheaper and easier to perform. A disadvantage of antibody
testing is the possibility of cross-reactivity with other alphaviruses. Besides, as IgM may
persist for months, a single raised IgM may indicate a recent past infection rather than an
acute infection. Many reference laboratories have developed in-house assays for the detection
of CHIKV IgM (Niedrig et al., 2009). In the case of antibody-based IgM ELISA is found to
be cost-effective, but it takes 5 to 7 days for the patient to develop antibody after the onset of
illness and, thus, has less implication for early clinical diagnosis and patient management
(Lanciotti et al., 2007; Yap et al., 2010).

2.7.7.1.1. Enzyme-linked immunosorbent assay

ELISA immunocapture can detect CHIKV-specific IgM and 1gG in serum. The IgM can be
detected in patients against CHIKF, which commonly appears 3-8 days after the onset of
infection that could persist in from months to years. The IgG might be detected in serum after
4-10 days from the onset of infection and may persist for years (Weaver and Lecuit, 2015)
and possibly lifelong. The presence of IgM antibodies indicates a recent CHIKV
infection(Burt et al., 2012), generally occurring in samples taken 2 weeks before patients
become symptomatic. Detection of specific IgG antibodies, on the other hand, indicates
previous CHIKYV infection, which can be recent or as long ago as several months or years,
given the persistence of anti-CHIKV IgG antibodies (Weaver and Lecuit, 2015).

ELISA is a fast and sensitive system largely used for the detection of anti-CHIKYV antibodies.
The most common tests used for the diagnosis of CHIKV infection are IgM antibody-capture
ELISA (MAC- ELISA) and indirect ELISA (i-ELISA) for the detection of type M (IgM) and
type G (IgG) immunoglobulin, respectively (Cavrini et al., 2009). Despite the fact all the
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advantages, ELISA is not, without its disadvantages: including; false-positives because of
cross-reactivity with other alphaviruses (Ross River virus, Barmah Forest virus, and Sindbis
virus (Pialoux et al., 2007) and its sensitivity being much reduced (4-20%) in serum samples
taken during the acute phase (Blacksell et al., 2011).

2.7.7.1.2. Indirect immunofluorescence Assay (IFA)

This technique is accurate and reliable, which is widely used for the detection of specific
anti-CHIK antibodies. IFA discloses the occurrence of type-specific antibodies against
CHIKYV by detecting the presence of virus antigens in infected cells. Commercially available
IFA test specificity ranges from 75 to 100% in serum collected within 6 days after infection.
The method has shortcomings, as it is laborious and needs special training. Besides,
interpretation of the microscope examination results can be rather subjective, and absence of
standardization between labs. Generally, ELISA or IFA results method is used for

confirmation purposes (Yap et al., 2010).

2.9.5.1.3. Antibody neutralization assay (ANA)

The principle of ANA utilizes the interaction of viral antigens and specific antibodies to
block infection. The neutralization test requires the mixing of virus and serum, and the
resulting mixture is then inoculated into cell culture. Inhibition of the virus can then be
tested, using a variety of methods, after several days (Sambri et al., 2013). The

microneutralization assay (MNA) determines the neutralizing antibodies.

Even though ANA and MNA methods have high specificity and sensitivity, there are
hindrances, namely, they are labor-intensive since only a few numbers samples can be
processed in each run and a Biosafety Level 3 laboratory (BSL-3) is mandatory because the

live virus is being used(Weber et al., 2014).

The shortcomings of antibody testing take account of cross-reactivity with other

Alphaviruses and the problem of it not being able to distinguish between recent past and
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acute infection, as well as the fact that its sensitivity varies between clinical settings (Henss
etal., 2019).

2.7.8. Molecular diagnosis of chikungunya virus

Molecular diagnostic tests used for the detection of CHIKV include reverse transcription
(RT) and amplification (PCR) assay of fragments. In RT-PCR amplification CHIKV
replicates rapidly to high titers in the host, and viral RNA generally can be easily detected by
real-time RT-PCR in the first week of acute infection after the onset of clinical illness
(Lanciotti et al., 2007). Nested and real-time PCRs molecular methods can also be used in
the viral RNA detection of CHIKV from plasma or serum (or other) sample types (Gérardin
et al., 2008). Molecular assays (TagMan real-time PCR, RT-LAMP assay, and reverse
transcription PCR) are more sensitive (Reddy et al., 2012) in the early stage of CHIKF (2-5
days) when CHIKV-specific IgM is not yet detectable. In the later stages of CHIKF (>5
days), CHIKV-specific IgM is a more reliable indicator. Other methods included under this
category were Loop-mediated isothermal amplification (LAMP) (Reddy et al., 2012),
microfluidic lab-on-chip integrating multiplex molecular amplification, and DNA microarray
hybridization (Tan et al., 2014).

2.7.9. Clinical diagnosis of chikungunya virus

There are three phases of clinical diagnosis of symptomatic CHIKV infection: acute, post-
acute, and chronic. The acute phase is considered to occur in the first 3 weeks of clinical
manifestations with signs of high fever, and malaise that usually lasts 7-10 days (Burt et al.,
2012; Weaver and Lecuit, 2015). After 2-5 days from the onset of fever, bilateral and
symmetric polyarthralgia that involves multiple joints, hands, wrists, ankles, and axial
skeleton start to occur. The pain after this acute case may be intense and leading to
immobilization. Patients would also show rash and pruritus (Taubitz et al., 2007). In most
cases, full recovery of patients is common although few joint cases might indicate relapsing

signs for several months (Schwartz and Albert, 2010).

In the post-acute phase, only a small proportion of patients remain completely asymptomatic
2—-3 weeks after the onset of disease (Simon et al., 2015). Clinical manifestations observed
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during the post-acute phase, which indicate the persistence of the initial inflammatory
process, including arthritis/arthralgia, edematous polyarthritis of fingers and toes, morning

pain and stiffness, and severe tenosynovitis (Parola et al., 2006).

A set of nonspecific clinical manifestations that are not always associated with CHIKV
usually occurs, such as chronic fatigue, changes in skin color, alopecia, decompensated
endocrine, and metabolic diseases, as well as the decompensation of other preexisting

chronic diseases, depression, and anxiety (Simon et al., 2015).

Chronic phase: It is estimated that the percentage of patients infected with CHIKV who
progress to the chronic phase (more than 3 months) varies from 40 to 80% (Chopra et al.,
2012; Edington et al., 2018; Sissoko et al.,, 2009), and they may endure clinical
manifestations for a few months or even years (Simon et al., 2015). Although no clear
evidence exists to explain the pathogenesis of persistent symptoms following infection, two
hypotheses have been proposed: (a) That viral and/or antigenic debris remains in the tissues
of joints and muscles. Unfortunately, to date, the virus has not been isolated from such tissue.
However, CHIKV proteins have been found in macrophages and muscle cell tissue of relaps-
ing CHIKYV patients, supporting the notion that there may be low-grade replication of the
virus or non-replicative viral debris present. (b) That infection triggers a persistent immune
response. Studies are underway with mouse models to determine whether, and in what way,
immunological mechanisms might be altered in patients with persistent symptoms (Burt et
al., 2017).

2.7.10. Control and prevention of chikungunya virus

The widely and effective method of prevention of CHIKV is to prevent mosquito bites. The
mosquitoes bite during the day and less frequently during the night. Hence, using insect
repellent, wearing long-sleeved shirts and pants, treating clothing and gear, and take steps to

control mosquitoes indoors and outdoors is advisable (CDC, 2020c).

49



3. STATEMENT OF THE PROBLEMS, RESEARCH QUESTIONS, AND

OBJECTIVES

3.1. Statement of the Problem

In Ethiopia, there are limited recent information in general and specifically no information in
the Gambella Region, regarding the circulation of arboviruses, and the associated risk

predictors for human and livestock exposure.

In many cases, most arboviral infections remain undiagnosed or misdiagnosed as malaria,
typhoid, dysentery, or bacterial meningitis due to the nonspecific nature of the clinical
signs/symptoms and the lack of readily available laboratory testing facilities. Hence, due to
many factors, arboviruses remain under-recognized and underreported in many parts of the

world, particularly in the developing world such as Africa including Ethiopia.

Gambella region is a region in Southwest Ethiopia where vector-borne diseases such as
malaria and trypanosomiasis are endemic. Hence, arboviruses infections might have a high
chance of misdiagnosis that subsequently would lead to underestimating the true burden of

the cases both in humans and in animals.

The rationale of selecting the Gambella region as the study site for this study relied on the
following main facts. First, many arboviral diseases have been reported from neighboring
countries including South Sudan, Sudan, and Kenya, where the chance of introducing these
arboviruses could be high due to the free movement of people, animals, and wildlife across
the border together with the migration of people. Second, the ecological suitability for vector
reproduction, multiplication, and growing contributes to the survival and transmission of the

viruses among various hosts in the area.

Currently, due to climate changes and global warming the growing impact of arboviruses on
humans, livestock, and wildlife in many parts of the world is increasing. Knowing the current
arbovirus epidemiology particularly in remote areas such as Gambella with pastoralists and

smallholder livestock systems would contribute to the national strategic disease control and
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prevention system and significantly improve timely response to the challenges of emerging

arbovirus in Ethiopia.

In Ethiopia, apart from few outbreak reports of dengue fever and yellow fever the true
prevalence of arboviruses circulation remained unknown and diagnosis of febrile illnesses
remained a challenge until now. Some of the undiagnosed febrile illnesses in health facilities
can be attributed to arboviral infections. The impact and burden of arboviral infection are
relating to morbidity and mortality, lead to losses in labor hours, production, and reduction,
and reduced economic activities; hence, it was important to study the epidemiology of
arbovirus diseases in Ethiopia. Applying this kind of multidisciplinary one health approach in
surveillance of arboviruses at humans and livestock interface would help in responding to the
emerging challenges in the affected region and ultimately contribute to control and
prevention the diseases both in the human and animal population.

3.2. Research Questions

Based on the stated problems this study was expected to address the following main research

questions:

Do the RVFV and WNV circulates in cattle in the selected districts of Gambella
Region?

Do the YFV, CHIKV, and ZIKV circulates in humans in the selected districts of

Gambella Region?

» Do the community have awareness about the arboviruses in the selected distrcits if

Gambella Region?

3.3. Study Hypothesis

The working hypothesis of this study relied on the postulate, which states, “YFV, CHIKV,
and ZIKV infections occurred in humans while RVFV and WNV infections in cattle in

selected districts of Gambella Region”.
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3.4. Research Objectives

3.4.1. General Objective

The general objective of this study was
» To investigate the sero-epidemiology of some selected arboviruses in cattle and
humans in the Gambella Regional State, southwest Ethiopia and assess the level of

awareness of the community on arboviruses in the study area.

3.4.2. Specific objectives

» To investigate the seroprevalence of RVFV, and WNV infections in cattle in the
selected districts of Gambella Regional State, southwest Ethiopia

» To investigate the seroprevalence of YFV, CHIKV, and ZIKV infections in humans
in the selected districts of Gambella Regional State, southwest Ethiopia

> To assess the level of awareness of the community about some arboviruses in the

selected districts of Gambella Regional State, southwest Ethiopia
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4. MATERIALS AND METHODS

4.1. Study Area and Population

Ethiopia is one of the populated federated land-locked countries located in East Africa with
neighboring countries namely Kenya, Somalia, Djibouti, Eretria, Sudan, and South Sudan.
Administratively Ethiopia is divided into 10 regional states listed as Gambella, Southern
Nations Nationalities and Peoples (SNNPR), Oromia, Benshangul Gumuz, Somalia, Afar,
Tigray, Amhara, Harari, and Sidama and two city administrations namely Addis Ababa and
Dire Dawa (Country of Origin Information, 2020). The federal government is established
jointly with these regions and city administrations. The regional government is composed of
zones, where the zones are classified into districts (woreda), then into sub-districts (Kebeles)
with an average population density of 5000 (Deribe, 2015).

In Ethiopia, the administrative clusters obtain health services using three levels namely
primary, secondary and tertiary. The primary health service system is designed to deliver
health service at kebele (sub-district) for the rural community that includes five health posts
(each for 3000-5000), health centers (serving 15000-25000), and primary hospital (60,000-
100,000). In cities and urban settings, the health delivery system is organized with health
centers as an initial point serving 40,000 populations. General hospitals that serve from 1-1.5
million populations are included in the secondary level health care delivery system. Tertiary
hospitals serve from 3.5 to 5 million people with the maximum catching ability(WHO,
2017a). In the country, there is one federal-level ministry that administers the health system
at the top. Every regional state and the city administration has its regional health bureau and
also each zone has its health department. Woreda (districts have their own health offices
accountable for the district administration council. The district offices have the only
technical link between the zonal health bureau and zonal health departments. The public
health care operations are governed or supervised by the district health offices, where mainly
engaged in planning, monitoring, implementations, and evaluations of the sub-districts health

activities under its administration (Wakabi, 2008).
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The Gambella Region is located at 7° 05°to 8° 17°N latitude and 33° 00°to 35°21° E
longitudes in Western Ethiopia. It shares boundaries with the South Sudan Republic in the
west, with Sheka zone of Southern Nation and Nationality Peoples Region /SNNPR/ in the
northeast, with Maji zone/SNNPR/ in the east, with Illubabor zone /Oromiya Region/ in the
north. The Region shows varied topographic features, which influence the vegetation cover,
the soil type, and the climatic conditions. The elevation of the region ranges from 1,000 to
2,000 meters above mean sea level in the east, to 500-900 meters in the center, and 300-500
meters in the west (the location of the current study site) (Woube, 1999). It gently slopes to
the west, while its eastern part consisted of a high plateau, mountain peaks, and rugged

terrain.

According to the Woody Biomass Inventory and Strategic Planning Project (2001), the land
coverage of the region falls into three broad ecological-vegetation zones: (i) The main
escarpment largely covered with high forest; (ii) foothills and plains covered with lowland
forest and savanna woodland; And (iii) to the west extensive grassland plains and seasonally
flooded swamps. In addition to the flood, the region is one of the Ethiopian regions, which is
rich in water resources. Some of the major rivers include the Baro, Akobo, Alwero, and Gillo
(Sewonet, 2002). More than 7.7 % of the total surface area of the region is wetland (open
water, perennial and seasonal swam/marsh). The total area of the region is 3,203,280 Km?
(Woody Biomass Inventory and Strategic Planning Project, 2001).

The annual rainfall of the region is 900mm-1500mm. While it reaches up to 1900-2100mm
as the elevation increased to 2000 m. a. s. |. During the wet season (from May to October)
80-90 % of the total rainfall occurs in the region and December, January, and February are
considered the dry season. The relative air humidity increases during the wet season (70-80
%) and abruptly decreases in the dry season (43-60 %). Sometimes the maximum daily
relative air humidity during the wet season reaches 100 %, while the minimum daily relative
air humidity reaches 9% in the dry season. The total annual surface water evaporation value
in the region has been estimated to reach 1612 mm; the maximum value (212 mm) occurs in
March and the minimum (80 mm) being in July daily. The mean annual temperature of the
region varies from 17.3% in the mountains to 28.3°c in the plain. On the other hand, the mean
monthly temperature ranges from 27% - 33%. The absolute maximum temperature reaches

45°C in mid-March and a minimum of 10.3°C in December.
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Based on the 2021 regional health bureau projection human population of the region are
497,591 of whom 258,747 are men and 238,584 are women (Gambella Regional Health
Bureau, 2021).

The Gambella regional livestock and fishery report of the 2021 population estimation of the
region as cattle 640,500, sheep 229, 897, goat 268, 402. Equine 12, 749, poultry 1, 212,
771(Gambella Regional Livestock and Fishery Bureau, 2021).

Administratively, the Gambella region is classified into three zones (Agnwa, Nuer, and
Majeng), one special district (Itang special), and one city administration (Gambella town).
The zones are further classified into 12 districts (Abobo, Gog, Dimma, and Gambella Zuriya
district from Agnwaa zone, and six from Nuer Zone namely Jor, Lare, Wantowa, Akobo,
Mekuay, and Jikaw; the remaining 2 districts from Majeng zone namely Godere, and
Mengesh). In all the districts including the city administrations, there are 247 kebeles

(smaller administrative units/sub-districts) where the districts are part of the zones.

Based on the regional health bureau report Lare and Itang special districts with a human
population of 52,270 (27,181 males and 25,089 females) and 57,397 (29,272 males and 28,
125 females) respectively(Gambella Regional Health Bureau, 2021). Moreover, Lare district
has a total population of 88, 305 cattle, 24,376 sheep, 27,765 goats, 13 equines, and 145,876
poultry, on the other hand, Itang special district has 88,040 cattle, 34,867 sheep, 40,0893
goats, 345 equines, and 150,213 poultry(Gambella Regional Livestock and Fishery Bureau,
2021).

Moreover, the districts are hosting many refugees from South Sudan and also migratory
pastoralists from South and North Sudan (commonly called “Fallata” or “Fulani”) in search
of pasture and water for their livestock (Miller et al.,2005). The indigenous pastoralists also
travel far from their villages to the adjacent territories of South Sudan in search of pasture.
Indigenous pastoralists also have a tradition of presenting and accepting cattle to or from the
South Sudan community during marriage ceremonies, which have the potential to introduce
diseases in the area. In addition, the movement of people from outbreak areas of South Sudan
to the present area is another potential risk factor of disease introduction (Figure 14).
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This study was conducted in the Lare and Itang special districts, Gambella Regional State;
southwest Ethiopia located 766km from Addis Ababa, the capital city of Ethiopia (figure 14).
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Figure 14. Map of the study site (Lare district and Etang special district on the right side of
the map).

Lifestyle of the people and livestock production system

In this region, the types of agricultural activities fall on ethnic groups and territorial
partitions. The economy of the western side of highland areas mainly depends on cereal
production. The agro-pastoral communities of the region owned a large proportion of
livestock and use them mainly in subsistence production style, whereas other groups of

people practice husbandry of small livestock numbers.
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In the region, there are two main types of livestock production systems; namely extensive
pastoral (purely pastoral) systems and mixed crop-livestock (agro-pastoral) systems. The
extensive pastoral system is more common in certain groups of ethnic groups and territorial
grazing areas of the region. Livestock compositions, grazing management patterns, and herd
movement systems are largely determined by seasonal patterns of flooding and flood retreat
areas of major rivers. However, the latter system is mainly confined to highland areas above
1500m. a. s. I.(BoFED, 2008).

These two livestock production systems are clearly distinguished by ownership patterns with
the relatively large herd sizes in the Nuer agro-pastoral system and the small sizes of the
enset-cereal system with no livestock in the Anywa and Mejeng cereal systems. The small-
scale subsistence nature of the agricultural system coupled with the frequent droughts and
flood crises has been contributing to the low performance and growth of the sector.
Nevertheless, the contribution of fisheries to food security is significant in the area (BoFED,
2008).

There are several livelihood activities that households engaged in daily, including crop
production, livestock production, crop and livestock production, beekeeping, fishing,

hunting, gold mining, and petty trading (BoFED, 2008).

Regarding the status of human and animal health facilities, Gambella Regional state has 1
referral hospital and 28 functional health centers out of 32 health centers. The statistics
reflect there should be an intervention in the facilities and human power in the area. Besides,

there are three regional hospitals are under construction (WHO, 2014).

There are veterinary clinics and veterinary health professionals at the woreda level. Based on
the observational assessment, most of the clinics are not functional; rather they provide
vaccination services programs of selected animal diseases not for more than two times per
year. A report by Gambella Peoples Regional State Development GAP Assessment Report
(2010) showed that the region has animal health facilities that include: three veterinary
clinics (25%), out of 12 required as the approved structure, 8 veterinary posts (3.5%), out of
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229 required, 12 animal crush (5.2%), and 1 veterinary laboratory (100%) (Gambella Peoples
Regional State Development GAP Assessment Report, 2010).

In the area, the genetic distinction of the local animal breeds plays a greater role in disease
prevention. Despite the genetic advantages, livestock disease is the main constraint of the
production system. Based on previous survey and interview study results where no
confirmation was made, previous gap assessments and surveys recorded cattle diseases such
as trypanosomiasis, pasteurellosis, contagious bovine pleuropneumonia (CBPP), anthrax,
and blackleg. In cattle, sheep, and goats, foot and mouth diseases (FMD), trypanosomiasis,
contagious Caprine Pleuropneumonia (CCPP), and internal and external parasites were also
mentioned in the survey study. In equines the strangle, tetanus, internal and external parasites
were also documented (CSA, 2007; Gambella Peoples Regional State Development GAP
Assessment Report, 2010). Common diseases of the human in Gambella include malaria,
HIV, tuberculosis (Asebe et al., 2015; Sahle et al., 2017); Lymphatic filariasis (Shiferaw et
al., 2012); and many vector-borne diseases such as malaria where it is known as one of the
endemic diseases of the area commonly known (Gebre and Negash, 2017).

4.2. Study Design

The study was a cross-sectional type conducted from October 2017 to June 2019 across the
selected districts to investigate the seroprevalence of RVFV and WNV infections in cattle,
YFV, CHIKV, and ZIKV infections in humans, and seroprevalence of infections in cattle and

to assess the community knowledge about arboviruses qualitatively.

4.2.1. Sampling technique

Simple random sampling technique endorsed in this study for community based
seroprevalence study, herd level sampling technique for cattle seroprevalnece study and

purposeful in site selection.

4.2.2. Data sources

The data for this study was gathered from randomly selected cattle, voluntarily consented

community members, and focal field group discussions of the districts.
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4.2.3. Sampling frame/population

The study sampling frames were the human, and cattle population of the Gambella Regional
States of the selected districts. The participants in the group discussion were selected based
on the inclusion criteria, the set of participants were purposefully arranged to include; males,

females, young, and adults.

4.3. Sample Size Estimation

4.3.1. Sample size estimation for cattle seroprevalence of arbovirus study

Sample size estimation for cattle
The sample size for cattle in this study was determined using the formula
N Z*2 p(l-p)

4z
where Z = 1.96 corresponding value to the desired 95% confidence level, p is an estimate of
the expected prevalence of infection, and d is the margin of error in the estimate(Thrustfield,
2007). In designing this study, the reference was taken to estimate the p-value from
Southwestern Uganda with an RVFV prevalence of 27%. (Nyakarahuka et al., 2018). It has
been added 20% to account for the non-response of cattle owners about cattle during
sampling, questioning, and dropping of aggressive animals. These assumptions resulted in a
minimum sample size of 368 cattle. Animals were included in the study groups when the
owners provide an informed/oral consent when animals are in the state for blood sample
taking, owner’s consent to give brief information about the animal, and age >lyear.
Similarly, animals were excluded from the study in the absence of the mentioned criteria

including recently purchased animals from a neighboring country and clinically ill animals.
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4.3.2. Sample size determination for community-based human seroprevalence study

The community-based human sample size for the seroprevalence initially was calculated as
238 individuals by taking a study reference conducted in Kenya by Ochieng et al. (2015)
with a prevalence of arthropod-borne virus infection as 19.2% that was conducted

serologically.

~ 1.96%0.192(1-0.192)
0.05

During the study time, it was only able to obtain 150 volunteer community members. Hence,

N =238

all community members in the two districts who are residents in the kebele for at least six
months, age >18 years, and who can provide a written or oral consent to participate were
included in the sampling procedure during the study durations. Those who refused to sign or
give written consent, guest or foreigner, a person with other illnesses, psychiatric problems
were excluded from the study.

4.3.3. Sample size estimation for community and health workers awareness about

arboviruses

A qualitative study was implemented to assess the awareness of the community and health
workers about arboviruses in the selected kebeles of the two districts. The kebeles where the
community-based group discussion (FGD) were conducted in Lare (Kuerlang, Dor Kor
mach, Bilimkun, and NipNip) and Itang special districts (Wat Gach, Waar, Dorong, Pulkod,
and Achwa) while, two discussions with the health workers in Itang health center and
Kuergang health centers. The sample size for this qualitative study was estimated based on
the manageable recommended number from 4 to 12 participants per group (Kitzinger, 1995;
Krueger & Casey, 2009; Morgan, 1997). With these assumptions, a minimum of 8 and a
maximum of 12 participants per group were enrolled for this qualitative study from each
kebele(smallest administrative units). In this study individuals aged above 18 years, residing
in the selected kebeles, and volunteer to participate in the study were included. Those with
obvious psychiatric, people from the refuge and guests for the area, and unable to provide

consent were not included in the group discussion.
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4.3.4. Data collection for seroprevalence study of RVFV and WNV infections in cattle

The blood sample was collected from the Lare district because of the immediate adjacent to
South Sudan and the nature of the livestock production system, movement, and trading
system. Besides, Lare is the main entrance route for cattle from South Sudan. In this cattle
seroprevalence study, four pastoral sub-districts or “kebeles” (the lowest government
administrative structure in Ethiopia) were selected for the study. These kebeles were Pal Bol,
Bilimkun/Pagag, Kechi, and Tandor. Each kebele selection was based on the cattle
population, proximity to South Sudan, and their frequent contact with the pastoralists from
North and South Sudan, common grazing, and watering locations. Blood has been collected

from both sexes with a minimum age of one year and above.

In the course of blood collection from cattle, information about herds, age, sex, and parity
was collected which are used as explanatory parameters. The history of mass abortion and
the history of mass death of young animals together with other signs such as excess
salivation, and loss of appetite, and diarrhea were used to investigate clinical signs mainly
about the RVF disease (Appendix 1).

4.3.5. Data collection for seroprevalence study of YFV, CHIKV, and ZIKV infections in
humans

In this seroprevalence study, blood was collected from community members with criteria of
1) Ages above 18 years and volunteered to participate 2) at least who lived in the area for six
months and above. On the other hand community members were excluded from the study
when 1) Pregnant women, 2) Sick individuals, 3) Refugees and visitors to the area. Before
conducting the data collection process, the discussion was made about the location of the
refuge campuses, community movements with bordering territories and the adjacent sub-
districts, their proximity, and other security issues with the local administrate. The other
criteria to select the sub-districts were centering the ecology of the area such as forest, water
bodies, and the population densities of the area. In this human seroprevalence, data including
socio-demographic characteristics, duration of stay in the study area, history of residence or
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travel to other countries/areas outside Gambella, history of a bite by Ae. spp mosquitoes, and
history of vaccination against YF were also collected using a semi-structured questionnaire

(appendix 2).

4.3.6. Data collection for community awareness

The qualitative information generated from the focal group discussion was narrowly focused
on a semi-guided checklist. This discussion focused on a particular topic organized for
research purposes. The data collection process was guided, monitored, and all information
obtained during the process was recorded. All the group discussants were given equal
opportunity and the idea of every discussant was respected and recorded. During group
discussion, the participants’ residency district, sex, age, occupation, education label, marital

status was also taken. The discussion was mainly focused on selected topics (appendix 3).

In the selected kebeles, 11 FGDs (five with women and 6 with men) were conducted. The
FGDs age over 18 years were enrolled, and the discussion with men and women was made
separately in respected sites. The participants of the FGDs were recruited upon their
agreement to participate in the study and carried out with the help of the Kebele
administrator/chairperson of the respected villages.

To ensure consistency in data collection across FGDs, a checklist consisting of points to be
discussed was prepared. The contents of the checklist include major public health problems
in the area, sources of the diseases, the presence of Anopheles and Aedes mosquitoes
(appendix 4) (supported with pictures Fig 15 a, b and ¢) (Anopheles mosquito stock image,
2014; Shutterstock, 2017). Issues including mosquito biting time and place, type of diseases
the mosquitoes transmit about the vectors were discussed. The checklist also addressed
whether they have seen/encountered YF like disease (supported with a picture of a patient
with yellowing of the eyes due to YF, and other explanations by showing different body parts
like head for headache, bleeding of eye, nose, and mouth, back pain, and muscle pain for
other mosquito-borne viral diseases) (appendix 5). Lastly, participants also forwarded the
prevention of mosquito biting. In FGDs, the mosquitoes were discussed at the genera level

where species levels were not studied and known in the area.
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One FGD was conducted in each district with the health workers that focused on details of
major health problems encountered in the area, common mosquito-borne viral diseases such
as YF, and RVF and the like, diagnosis and treatment of febrile patients, and their

recommendations on the management of unknown febrile cases.

The health centers were selected based on their location and health workers were selected
purposefully based on their service years, duration of stay in the study areas, and their
qualification. The FGD discussion was moderated by the research team and trained health
workers and recorded using a voice recorder as well as notes. The discussion session was
administered using a checklist containing various topics and mediated through a translator
who are trained and who can communicate the respective local languages and the Amharic
language for better exploring of the information. The facilitator speaks in Amharic while the
translator mediates in both the local languages (Anywa and Nuer) and commences an

immediate translation for the note-making person and audio recording device simultaneously.

4.3.7. Serological laboratory examinations for RVFV and WNV in cattle

In this study whole blood was the source of the serum samples. Based on the OIE guideline,
the blood sample 5ml for cattle was collected separately from each study participant with a
sterile vacutainer. The vacutainer is used also for serum separation in addition to the
collection. This test tube has a special gel that separates blood cells from serum as well as
particles to cause blood to clot quickly. To increase the amount of serum and maximum
separation the test tubes were centrifuged at approximately 15 minutes at 3400 rotations per
minutes and the serum was separated and stored at -20°% until screened for antibody (IgG)
against WNV, and RVFV using an indirect ELISA assay (Abbexa Ltd, Cambridge
UK)(Abbexa Ltd, 2019) described in detail by the manufacturers.

All vacutainer and Nunc test tubes (assembled with a screw-on top for tightens closing) were
labelled separately with a unique code referring to each sample collected. Samples were
stored at 4-6 °C in the refrigerator at Gambella Regional hospital and Gambella University
until shipment to Addis Ababa. During shipping the serum samples, a marina cooler box with
ice-frozen bricks was used to keep the cold chain, and samples were shipped to Addis Ababa

University Institute of Pathobiology microbiology laboratory. The serum samples were
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stored at -20°C packed in cryovial rack box until screened for antibody (IgG) against the
RVFV and WNV.

The seroepidemiological analysis of these viruses were using the detection of IgG antibodies
against RVFV, and WNV was conducted based on the manufacturer’s protocol ready for
each individual(Abbexa Ltd, 2019).

In brief, a 96 well plate has been pre-coated with the target antigen of RVFV/WNV-IgG.
Controls or test samples are added to the appropriate wells and incubated. Free components
are washed away with wash buffer. HRP conjugated detection reagents are used to visualize
HRP enzymatic reaction. TMB is catalyzed by HRP to produce a blue colour product that
changes to yellow after adding an acidic stop solution. The intensity of the color yellow is
proportional to the RVFV-IgG amount bound on the plate. The optical density (OD)
absorbance is measured spectrophotometrically at 450nm in a microplate reader, and the
presence of RVFV/WNV-1gG can be determined. The laboratory result calculation was made
using the mean absorbance of the positive control that should be >1.00, mean absorbance of
the negative control that should be <0.10, with the cut-off value=Negative control + 0.15.
The interpretation of the results of each plate has been determined as valid when the positive
control value is > 1.00 and the negative control value is < 0.10 if not the test has been
considered invalid. When the OD. of samples <cut off, the test samples were considered

negative, while OD of samples > cut off value, the test samples were considered positive.

The diagnostic sensitivity and specificity have not been determined for these specific kits
where they are only ready for research purposes. All the tests were conducted in duplicates.
The results were read at an OD of 450 nm using a 96-well ELISA plate reader (Multiskan™
FC Microplate Photometer) and interpreted as positive or negative based on the
manufacturer’s recommended cut-off values. Test validity was verified according to the
manufacturer’s manual when the mean OD of the positive control was >1 and when the mean
OD of the negative control was <0.15. The cut-off value for each plate was calculated
independently calculated where the cut-off value = negative control +0.15. Hence, any
sample value greater than or equal to this value labelled as positive, and any value less than

the cut-off value is scored as negative (appendix 6-7).
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4.3.8. Serological laboratory examinations for YFV, CHIKV, and ZIKV in humans

Based on the WHO guideline, the blood sample amounted to 3 ml venous blood for humans
was collected separately from each study participant with a sterile vacutainer tube. The
vacutainer is used also for serum separation in addition to the collection. Similar to the cattle
technique the test tube has a special gel that separates blood cells from serum as well as
particles to cause blood to clot quickly. To increase the amount of serum and maximum
separation the test tubes were centrifuged at approximately 15 minutes at 3400 rotations per
minutes and the serum was separated and stored at -20°c until screened for antibody (IgG)
against YFV, and CHIKV using an indirect ELISA assay (Abbexa Ltd, Cambridge
UK)(Abbexa Ltd, 2019) described in detail by the manufacturers. The ZIKV also screened
using the same serum source with blocking of binding (BOB) assay (Vir Biotechnology inc,
2020).

All vacutainer and Nunc test tubes for human samples were labeled separately with a unique
code referring to the sample collected for each. Samples were stored at 4-6 °C in the
refrigerator at Gambella Regional hospital until shipment to Addis Ababa. During shipping
the serum samples, a marina cooler box with ice-frozen bricks was used to keep the cold
chain, and samples were shipped to Addis Ababa University Institute of Pathobiology
microbiology laboratory. The serum samples were stored using the Nunc test tubes
assembled with a screw-on top for tightens closing and stored at -20°% packed in cryovial
rack box until screened for antibody (IgG) against the YFV, CHIKV, and ZIKV.

In this seroepidemiological analysis the detection of IgG antibody against YFV, and CHIKV
was conducted based on the manufacturer’s protocol ready for each individual(Abbexa Ltd,
2019). The human serum was also screened for 1gG antibody against ZIKV infection using
ZIKV NS1 BOB assay as previously described (Vir Biotechnology inc, 2020).

In brief the procedure of YF-IgG/CHIKV-IgG, a 96 well plate has been pre-coated with the
target antigen. Controls or test samples were added to the appropriate wells and incubated.
Free components were washed away with wash buffer. A horseradish peroxidase (HRP)
conjugated detection reagents were used to visualize enzymatic reactions. The

Tetramethylbenzidine (TMB) is catalyzed by HRP to produce a blue color product that
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changes to yellow after adding the acidic stop solution. The intensity of the yellow color is
proportional to the YFV-IgG/CHIKV-IgG amount bound on the plate. The optical density
(OD) absorbance is measured spectrophotometrically at 450nm in a microplate reader, and
the presence of YFV-1gG/ CHIKV-IgG can be determined for the laboratory (appendixes 8-
9).

The 1gG antibody detection against ZIKV infection using the ZIKV NS1 BOB assay which
was previously developed by Balmaseda et al.(2017) in Nicaragua is highly specific for
ZIKV with minimal to no cross-reactivity to other flaviviruses (Balmaseda et al., 2017). In
brief, 96 well plates were coated overnight with recombinant purified 1pg/ml ZIKV NS1
Uganda strain (Native antigen) protein and blocked with Phosphate-buffered saline (PBS)
1% Bovine serum albumin (BSA) for 1 h. Plates were then incubated with 1:10 diluted serum
from each study participant for 1 hour and then HRP labeled anti-ZIKV NS1 (mAB ZKA35,
Absolute antibody) was diluted 1:5000 in PBS with 1% BSA and the mixture was added to
each well and incubated for another 15 min. Plates were then washed and TMB substrate
(Sigma) was added to each well and incubated for 5-6 min in the dark and the reaction was
stopped with 2N H,SO,40r 1N HCL. Plates were then read on a plate reader (Multiskan™ FC
Microplate Photometer) at an absorbance of 450 nm. Non-conjugated ZKA35 rigG1 (1:200
diluted) was added as positive control and Normal-human serum (NHS) was added as a
negative control (1:10 diluted). The percentage of ZKA35-HRP binding inhibition was
calculated and is described in detail by Balmaseda et al.(2017).

The concentration of ZKA35-HRP to be used in the BOB assay was determined
corresponding to 70% of the maximal OD (450 nm) level by interpolating a curve fitted with
a 4-parameter nonlinear regression. A starting dilution at 1:10 and then 1:3 serial dilution of
12 points in assay diluent was performed using 50 ul ZKA35-HRP/well (appendix 10). Test
validity was verified according to the manufacturer’s manual when the mean OD of the
positive control was >1 and when the mean OD of the negative control was <0.15. The cut-
off value for each plate was calculated independently calculated where the cut-off value =
negative control +0.15. Hence, any sample value greater than or equal to this value labelled

as positive, and any value less than the cut-off value is scored as negative.
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4.4. Data Management and Statistical Analysis

Data and sample collection instruments

This study was used stationary, serological testing kits of various arboviruses, iceboxes,
blood collecting vacutainer tubes, syringes, needles, disinfectants, cotton, pictures..etc. The
survey study was handled using a prepared semi-guided checklist and audio recording device

for the focus group discussants.
Methods of Data Analysis

All the audio-recorded information gathered from FGDs was transcribed verbatim and
translated from local languages Nuer and Anywa into English. The data were analyzed using
manual counting of the FGDs discussant's response in each group as a thematic form.

After the completion of data collection, cleaning, editing, and coding data were entered into a
computer using Epi-Data Software v.3.1. and analyzed using STATA version 13.0. In
continuous and frequency of categorical variables, the mean and standard deviations were

used as a descriptive form of the analysis.

The seroprevalence of CHIKV, RVFV, YFV, WNV, and CHIKYV elicited towards 1gG was
calculated by dividing the total positives numbers of each virus with the total number of
samples tested. This seroprevalence indicates the apparent prevalence. Univariable logistic
regression was used to assess the crude association between the seropositivity of 1gG
antibody and the hypothesized individual potential risk factors such as age, sex, parity, and
site, calculated with descriptive and analytical analysis using chi-square (y2) test.
Multivariable logistic regression analysis was used to assess the effect of each of the
independent variables on the outcome variable (seropositivity) after adjusting each
independent variable for all other variables and confounding factors. Those variables which
were statistically significant in multivariable analysis were considered as final predictors of
the dependent variable of interest. Adjusted odds ratio (AOR) with associated confidence
interval was used as a measure of the strength of associations between different exposure
variables and the outcome variable of interest. Coefficients of all independent variables
(predictors/risk factors) included in the final model were reported regardless of their

statistical significance. A p-value below 0.05 was considered indicative of a statistically
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significant association. All the blood samples were checked using the recommended standard
ELISA test Kits.

Data Quality Control

Various data control measures were used for data collection in the field to the laboratory
investigations level based on laboratory standard operating procedures (SOPs). A similar
orientation was given for all data collectors on the objectives of the research. When an error
is found during pre-analytical, analytical, and post-analytical processes was found correction
measure was made instantly. Including the laboratory examinations, all the investigators
checked the process of analytical procedures. Hence, at the end of each day, the information
obtained from the focal group discussion of each participant was written, information was
interpreted based on the voting system and averages, and corrective measures were taken.
Three to five milliliters of blood samples were taken aseptically from humans and animals
with specific codes for each sample containing all necessary information on another sheet of
paper respectively. All blood samples were processed according to the SOPs of the

manufacturers and laboratory system.

4.5. Study Variables
Dependent variables for community-based FGDs

v The overall knowledge about diseases of public health importance of arboviruses
v' The overall knowledge about diseases transmitted by Anopheles and Aedes
mosquitoes

v" Health workers experience on major public health problems
Dependent variable for human seroprevalence study

v’ Sero-positivity of IgG antibody against YFV infection among community
members

v’ Sero-positivity of IgG antibody against CHIKV infection among community
members

v’ Sero-positivity of IgG antibody against ZIKV infection among community

members

68



Dependent variable for cattle seroprevalence study
v’ Sero-positivity of IgG antibody against RVFV infection among cattle population
v' Sero-positivity of 1gG antibody against WNV infection among cattle population
Independent variables for knowledge of community members FGDs studies
v Age, sex, education, districts, marital status, ethnic groups (for community-based
FGDs), and district, qualifications, age, and work experience
Independent variables for human seroprevalence study
v’ Sex, age, educational level, occupation, and districts
v’ History of vaccination, History of residence/travel outside Gambella, History of working in
the forest areas, History of bite by Aedes mosquito
Independent variables for animal seroprevance study
v Age sex, and kebeles (as a demographic factor)
v Breeding and clinical history (parity, history of abortions, history of mass death
in your animals, previous signs and symptoms of excess salivation in sampled
animals, previous history of loss of appetite, diarrhea, and excess nausea in

sampled animals)

4.6. Ethical Considerations

The Institutional Review Board (IRB) of the Aklilu Lemma Institute of Pathobiology, Addis
Ababa University, approved the study protocol for humans. On the other hand, ethical issues
of the animal study were cleared and obtained from the Addis Ababa University College of
Veterinary Medicine and Agriculture ethical committee. The Ethical clearance of human
sample taking includes the transportation of blood samples from the study site until the
processing laboratories. The aim of the study was explained to each of the study participants
and written consent was obtained from each participant. Blood sample collection was carried
out under aseptic conditions by experienced medical laboratory technicians. Besides,
working permission was obtained from the Gambella Regional Health Office and Livestock
and Fishery Offices, Woreda administration office by holding a letter of support from the
Addis Ababa University. For every information gathering and blood sample-taking activity,
oral and written consent was obtained from the animal owner. The name of the study
participants was not used in the report and unique identification numbers were used for

sample identification in the laboratory.
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5. RESULTS

5.1. Seroprevalence of RVFV and WNV Infection Study in Cattle

5.1.1. Characteristics of the study cattle and owners’ responses on selected clinical signs

A total of 275 (74.7%) female and 93 (25.3%) male cattle were included in the current study.
The majorities(60.3%) were in the age groups of 1- 3.5 years, the minimum and maximum
age of the sampled cattle population was 1 and 20 years, respectively, and mean age *
SD=3.9+3.23=7.1years. Among 121 cows, the overall mean birth rate was 3.0 calves per
cow (standard deviation = 2.2). The number of births per cow ranged from 1 to 14 calves.

The animals came from 53 herds with a minimum and a maximum herd size of 7 and 67
animals, respectively, and a mean herd size of 23.2. Just over half (50.9 %) of the herd
owners described mass abortion in the area and 43% mentioned the deaths of young animals
within their herd within the past three to five years. Among the herd owners, 43.4%

mentioned the historical presence of mass death in their animals (Table 1).

Table 1: Characteristics of the study cattle and owners’ responses about selected clinical

signs
Characteristics Response category Number Percent
Sex Male 93 253
Female 275 74.7
Age group (N=368) 1-3.5years 222 60.3
+3.5 years 146 39.7
Parity (N=275) Yes 121 44.0
No 154 56.0
Study kebele/site (N=368) Pal Bol 41 111
Kech 152 41.3
Bilimkun 89 242
Tandor 86 234
History of abortion (N=53 herds) Yes 27 50.9
No 26 49.1
History of mass death in your animals (N=53 herds) Yes 23 43.4
No 30 56.6
Previous signs and symptoms of excess salivation in  Yes 52 14.1
sampled animals (N=368) No 316 85.9
Previous history of loss of appetite, diarrhea, and excess Yes 96 26.1
nausea in sampled animals (N=368 sampled animals) No 272 73.9
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5.1.2. Seroprevalence of RVFV infection in cattle

Out of 368 analyzed serum samples, 28 (7.6%) (95% CI: 5.29-10.81%) were positive for

IgG antibody to RVFV infection, which was significantly associated with a history of

abortion (14.8%; p=0.041) and no IgG positives were found among those having no history

of abortion in their herd. However, there was no significant association between IgG

positivity and the study kebeles (villages) (Table 2).

Table 2: Associate and risk factors of seropositivity for RVFV infection in cattle in

Gambella
Variables Response group 1gG Sero status of RVFV Chi- P-value
square
value
Total Positive
tested No. (%)
Sex Male 93 9(9.7) 0.76 0.384
Female 275 19 (6.9)
Age group (N=368) 1-3.5years 222 16(7.2) 0.12 0.720
3.5+ years 146 12(8.2)
Parity (N=275) Yes 121 10 (8.3) 0.62 0..432
No 154 9(5.8)
Kebele Pal Bol 41 3(7.3) 6.62 0.085
Kech 152 8(5.3)
Bilimkun 89 5(5.6)
Tandor 86 12 (13.9)
History of abortion (N=53 herds) Yes 27 4(14.8) 4.20 0.041
No 26 0(0.0)
History of mass death in your animals (N=53 Yes 23 3(13.1) 1.76 0.185
herds) No 30 1(3.3)
Previous signs and symptoms of excess Yes 52 6 (11.5) 1.33 0.249
salivation in sampled animals (N=368) No 316 22(7.0)
Previous history of loss of appetite, weakness, Yes 96 6 (6.3) 0.34 0.560
diarrhea, and excess nausea in sampled animals No 272 22 (8.1)
(N=368 sampled animals)
All 368 28(7.6)

5.1.3.Independent predictors of seropositivity for RVFV infection and the associated risk

factors

In a multivariable logistic regression analysis where sex, age, parity, sub-districts, and

selected clinical signs considered were taken as independent predictors, no significant
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association between the RVFV specific IgG antibody and these predictor variables were

observed (Table 3).

Table 3: Univariable and Multivariable logistic analysis of risk factors for RVFV

seropositivity in Gambella

Characteristics Response Sero-positive status of RVFV IgG
category COR (95%Cl) AOR (95% Cl)
Sex Male 0.69(0.30-1.60) 0.79(0.22-1.54)
Female 1 1
Age group (N=368) 1-3.5years 1 1
3.5+years 1.15(0.53- 2.51) 1.47(0.32-6.82)
Parity (N=275) Yes 0.87(0.27-1.75) 0.97(0.19-4.91)
No 1 1
Kebele Pal Bol 1 1
Kech 1.42(0.36- 5.62) 1.48(.36-6.05)
Bilimkun 1.33(0.30-5.84) 1.40(0.30-6.42)
Tandor 0.49(0.14-1.83) 0.52(0.13-2.09)
Previous signs and symptoms of excess Yes 0.57(0.22-1.49) 0.45(0.14-1.40)
salivation in sampled animals (N=368) No 1 1
Previous history of loss of appetite, weakness, Yes 1.32(0.52-3.36) 1.68(0.54-5.18)
diarrhea, and excess nausea in sampled No 1 1

animals (N=368 sampled animals)

COR= crude odds ratio, AOR= adjusted odds ratio, Cl= confidence interval

5.1.4. Seroprevalence of WNV infection and the associated risk factors in Cattle

Table 4 presents the seroprevalence of WNV infection stratified by different background
characteristics. The seroprevalence of WNV specific 1gG antibodies was detected in 20
serum samples (5.4%) (95% CI. 3.52-8.28%). No significant associations were observed
between the findings of WNV antibody IgG and past-recorded clinical signs. On the other
hand, significantly higher proportions of anti-WNV IgG antibodies were observed in serum
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samples collected from cattle with a history of abortion as compared to those without a

history of abortion (11.1% Vs 3.8%, p= 0.04) (Table 4).

Table 4: Seropositivity for WNV infection in cattle

Characteristics Response  1gG Sero status of WNV  Chi- P-value
category square
value
Total Positive
tested No. (%)
Sex Male 93 5(5.4) 0.76 0.384
Female 275 15(5.5)
Age group (N=368) 1-35 222 14(6.3) 0.12 0.720
years
3.5+ years 146 5(9.4)
Parity (N=275) Yes 121 5(4.1) 0.62 0..432
No 154 10(6.5)
Kebele Pal Bol 41 3(7.3) 6.62 0.085
Kech 152 9(5.9)
Bilimkun 89 7(7.9)
Tandor 86 1(1.2)
History of abortion (N=53 herds) Yes 27 3(11.1) 4.20 0.041
No 26 1(3.8)
History of mass death in your animals (N=53 Yes 23 2(8.7) 1.76 0.185
herds) No 30 2(6.7)
Previous signs and symptoms of excess salivation ~ Yes 52 2(3.9) 1.33 0.249
in sampled animals (N=368) No 316 18(5.7)
Previous history of loss of appetite, weakness, Yes 96 5(5.2) 0.34 0.560
diarrhea and excess nausea in sampled animals No 272 15(5.5)
(N=368 sampled animals)
All 368 20(5.4)

5.1.5. Independent predictors of seropositivity for WNV infection and the associated risk

factors

The odds of getting WNV positive IgG in all the variables in the multivariable logistic

regression did not result in a statistically significant association with any one of the

investigated risk factors (Table 5). In this analysis, odds ratio greater than one observed in

males, and those with a history of excess salivation signs and symptoms.
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Table 5: Multivariable logistic regression of RVFV seropositivity with independent risk

factors in cattle

Characteristics Response Sero-Positive status of WNV IgG
group COR(95%Cl) AOR (95% ClI)
Sex Male 1.02(0.36-2.87) 1.21(0.39-3.73)
Female 1 1
Age group (N=368) 1- 3.5 years 1 1
3.5+years 0.64(0.24-1.70) 0.61(0.10-3.84)
Parity (N=275) Yes 1.5(0.532-4.23) 1.07(0.15-7.61)
No 1 1
Kebele/sub-distrcits Pal Bol 1 1
Kech 1.25(0.32-4.86) 0.13(0.01-1.38)
Bilimkun 0.93(0.23-3.77) 0.18(0.02-1.44)
Tandor 6.71(0.68-66.62) 0.14(0.02-1.14)
Previous signs and symptoms of Yes 1.51(0.34-6.71) 1.57(0.29-8.50)
excess salivation in sampled animals
(N=368) No 1 1
Previous history of loss of appetite, Yes 1.06(0.375-3.01) 0.86(0.24-3.03)
weakness, diarrhea, and excess
nausea in sampled animals (N=368 No 1 1

sampled animals)

COR= crude odds ratio, AOR= adjusted odds ratio, Cl= confidence interval

5.2. Seroprevalence of YFV, CHIKV, and ZIKV Infection Study in Human

5.2.1. Socio-demographic characteristics of study participants

A total of 150 study participants (96 males and 54 females, age ranging from 18 to 65 years,

mean age = SD = 35.92 £+ 10.99 years) participated in the study. The travel or living

Iresidency history outside Gambella was higher in males (16.7%) than females (7.4%), which

indicates males were traveling far from their home area to other places. A higher proportion

of participants from the Lare district (15.2%) were traveling or residing outside of Gambella,

which might be to South Sudan. The majority of travelers were in the age group of 18-30
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years of age (17.5%), which could be explained by various socio-economic activities such as
trade, education, or marriage. Travel/Residency and working history in the forest area with
the socio-demographic characteristics of all study participants are summarized in Table 6.

Table 6: Study participants’ socio-demographic characteristics in the seroprevalence of YFV,
CHIKV, and ZIKV Study in human

Variables Response category Travel history History of working in the forest
Yes N(%) No N(%) Yes N (%) No N(%)
Sex Male 16(16.7) 80(83.3) 79(82.3) 17(17.7)
Female 4(7.4) 50(92.6) 47(87.0) 7(13.0)
Woreda Itang 15(12.8) 102(87.2) 96(82.1) 21(17.9)
(District) Lare 5(15.2) 28(84.8) 30(90.9) 3(9.1)
Age (years) 18-30 years 10(17.5) 47(82.5) 48(84.2) 9(15.8)
31-40 years 5(10.2) 44(89.8) 40(81.6) 9(18.4)
>41 years 5(11.4) 39(88.6) 38(86.4) 6(13.6)
Ethnicity Nuer 15(15.5) 82(84.5) 92(94.8) 5(5.2)
Agnewak 5(9.4) 48(90.6) 34(64.2) 19(35.8)
Education level  Informal 9(9.7) 84(90.3) 83(89.3) 10(10.7)
Formal 11(19.3) 46(80.7) 43(75.4) 14(24.6)
Occupation Pastoralist 8(13.8) 50(86.2) 53(91.4) 5(8.6)
Agro pastoralist 6(16.7) 30(83.3) 35(97.2) 1(2.8)
Others 6(10.7) 50(89.3) 38(67.9) 18(32.1)

5.2.2. Study participants travel and residency history within and out of Ethiopia

Among those who have residence/travel history outside Gambella, 16 participants were based
in South Sudan, two in Sudan, and two were from other regions within Ethiopia. The
migration of people from South Sudan to Ethiopia was elevated during the years 2016/2017

but domestic migration from Gambella to other parts of Ethiopia was low overall (figure 15).
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Figure 15. Traveling and residence out of Gambella region among those with history of
movement among those who participated in the seroprevalence study of YFV, CHIKV, and
ZIKV.

5.2.3. Seroprevalence of YFV, CHIKV, and ZIKV infections in human

In this study, a total of 150 individuals from two districts (33 from Lare and 117 from Itang
special district consented and volunteered to participate. Six participants, five from Etang and
one from the Lare district were excluded due to sickness. In this serosurvey, 41(27.3%; 95%
Cl: 20.7, 35.1%), 14 (15.6%, 95% ClI: 9.3-24.8%), and 4 (2.9 %; 95% CI: 1.1-7.72%) were
positive for 1gG to ZIKV, CHIKV, and YFV, respectively, among all study participants
(figure 16). Moreover, all YFV IgG+ were found to be CHIKV positive while only one
sample was found both of ZIKV and CHIKV IgG+ during screening.
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156 volunteer participants

!

150 serum sample \ 6 samples excluded due
l ‘ sickness

= 135 screened for
150 screened for 1gG 90 screened for IgG (YFV)
IgG (CHIKV)

(ZIKV)

4 ELISA positive

14 ELISA
positive

41 ELISA positive

Figure 16. Laboratory work flow chart serum samples screened for ZIKV, CHIKV, and
YFV using ELISA Laboratory Investigation

5.2.4. Seroprevalence and independent predictors of seropositivity for YFV infection and the

associated risk factors

Out of the 150 serum samples, 135 samples were screened for IgG antibodies to YFV, but
only 4 samples (2.9 %; 95% CI: 1.1-7.72%) were found to be YFV IgG+. All the YFV-IgG+
individuals came from the Itang special district; hence, site/district was omitted during
logistic regression analysis due to zero outcomes from the Lare district. There were no risk
factors significantly associated with the presence of YFV specific IgG antibodies. However,
there was a trend that males (3.6%) and individuals in the age group of 31-40 years (5%)
were more likely to have YFV specific 1gG antibodies compared to the female group (2.0%)

or other age categories, respectively (Table 7).
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Table 7: Seropositivity for IgG antibody to YFV infection and associated factors in the study

participants (N=135)

Variables Category YF IgG sero-status COR (95% CIl) AOR (95% CI)
Total tested  Positive N
(%)
Sex Male 84 3 (3.6) 1.85(0.19, 18.30) 1.32(0.10, 17.03)
Female 51 1(2.0) Ref Ref
Age Group (years) 18-30 53 1(1.9) 0.79(0.05, 12.99) 0.77(0.03, 17.64)
31-40 40 2(5.0) 2.16(0.19, 24.77)  2.29(0.17, 31.61)
>41 42 1(2.4) Ref Ref
Educational Status Formal 51 2(3.9) 1.7(0.23,12.26)  1.31(0.10, 17.23)
education
Informal 84 2(2.4) Ref Ref
education
Occupation pastoralist 55 1(1.8) Ref Ref
Agro 32 1(3.1) 1.74(0.10,28.84)  1.92(0.11, 35.05)
pastoralist
Others 48 2(4.2) 2.35(0.21, 26.73)  1.18(0.05,25.41)
History of Yes 17 1(5.9) 2.4(0.23,24.45)  3.10(0.21, 44.56)
residence/travel No 118 3(2.5) Ref Ref
outside Gambella
History of working in ~ Yes 113 3(2.7) 0.57(0.06,5.77)  0.47(0.03, 7.68)
the forest areas
No 22 1(4.8) Ref Ref
History of Yes 109 3(2.7) 0.54(0.05,5.44)  0.74(0.04, 12.25)
Bite by Aedes No 26 1(3.85) Ref Ref

mosquito

CI (confidence interval), COR (crude odds ratio), and AOR (adjusted odds ratio), Ref

(Reference category)

5.2.5. Seroprevalence and independent predictors of seropositivity for CHIKV infection and

the associated risk factors

Out of the 150 samples, 90 samples were screened for 1gG antibodies against CHIKV
infection. Among the screened samples 14 samples (15.6%, 95% CI. 9.3-24.8%) were
positive for IgG antibodies against CHIKV. In this logistic regression analysis, site/district
was included due to CHIKV-IgG positive was found in both locations, where no zero
outcomes present. In the multivariable regression analysis model, a 14-fold lower
seropositivity for CHIKV specific 1IgG was detected among pastoralist participants compared

to agro-pastoral (AOR=14.17; CI: 2.30, 87.30). A higher proportion of anti-CHIKV 1gG
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antibodies was also observed in the age group >41. Although it is not statistically significant,
higher odds of being CHIKV IgG positive was observed in males, and between the age
groups of 31-40 years) (Table 8).

Table 8: Sero-positivity for 1IgG antibody to CHIKV and associated factors in the study
participants (N=90)

Variables Category CHIKYV IgG sero-status COR (95% CI) AOR (95% ClI)
Total tested  Positive
N(%)
Site Itang 58 12(20.7) Ref Ref
Lare 32 2(6.3) 0.25(0.05, 1.22) 0.43(0.06,2.82)
Sex Male 53 12(22.6) 5.12(1.07, 24.46)* 3.78(0.58, 24.52)
Female 37 2(5.4) Reference Reference
Age Group (years) 18-30 36 4(11.1) 0.48(0.12, 1.89) 0.75(0.11, 5.37)
31-40 25 4(16.0) 0.73(0.18, 2.95) 2.74(0.47, 16.08)
>41 29 6(20.7) Ref Ref
Educational Status Informal 64 8(12.5) Ref Ref
education
Formal 26 6(23.1) 2.1(0.65, 6.80) 2.64(0.36, 19.29)
education
Occupation Pastoralist 49 2(4.1) Ref Ref
Agro 26 9(34.6) 12.44(2.44,63.47)  14.17(2.30, 87.30)*
pastoralist *
Others 15 3(20.0) 5.88(0.88, 39.21)  2.20(0.17, 27.18)
History of residence Yes 10 3(30.0) 2.68(0.60, 11.98)  2.44(0.33, 17.69)
outside Gambella No 80 11(13.7) Ref Ref
History of working in ~ Yes 82 13(15.8) 1.32(0.14, 11.64)  0.90(0.05, 15.33)
the forest areas No 8 1(12.5) Ref Ref
History of Yes 89 12(15.2) 0.54(0.10, 2.98) 0.73(0.1, 8.00)
Bite by Aedes
mosquito No 11 2(18.2) Ref Ref

Cl (confidence interval), COR (crude odds ratio), AOR (adjusted odds ratio), and

*(significant at p<0.05), Ref (Reference category)
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5.2.6. Seroprevalence and independent predictors of seropositivity for ZIKV infection and the

associated risk factors

Out of the 150 samples tested for IgG antibody to ZIKV infection, 41 samples (27.3%; 95%
Cl: 20.7, 35.1%) were found ZIKV IgG+. Multivariable logistic regression analysis showed
that being female (AOR=4.8; 95% CI: 1.62, 14.64), being a pastoralist by occupation
(AOR=5.1; 95% CI: 1.44, 17.80), and Lare in location showed a significant association with
seropositivity for IgG antibody to ZIKV. An increasing trend towards higher ZIKV IgG+
was seen amongst individuals in the age groups 18-30 years, and in those with a history of
residence /travel outside of Gambella, and a history of working in the forest areas,

nevertheless, none of them reached statistical significance (Table 9).

80



Table 9: Sero-positivity for IgG antibody to ZIKV and associated factors in the study
participants (N=150)

Variables Category ZIKV IgG sero-status COR (95% CI) AOR (95% ClI)
Total tested Positive N Equivocal
(%) (%) N (%)
Site Itang 117 15(12.8) 2(1.7) Ref Ref
Lare 33 26(18.8) 0(0.0) 21.8(8.20, 58.23)* 11.5(3.31, 39.81)*
Sex Male 96 15(15.6) 1(1.0) Ref Ref
Female 54 26(48.2) 1(1.8) 5.0(2.34, 10.65)* 4.8(1.62, 14.63)*
Age Group (years) 18-30 57 23(40.3) 0(0.0) 2.1(0.90,4.8) 1.5(0.39, 5.61)
31-40 49 11(22.5) 1(2.0) 1.5(0.53, 4.0) 0.80(0.21,3.13)
>41 44 7(15.9) 1(2.3) Ref Ref
Educational Status Informal 93 32(34.4) 1(1.1) 2.59(1.16, 5.76)* 1.0(0.28,3.68)
education
Formal 57 9(15.8) 1(1.8) Ref Ref
education
Occupation Pastoralist 58 32(55.2) 1(1.7) 8.2(2.78, 24.1)* 5.1(1.44, 17.80)*
Others 56 5(8.9) 0(0.0) 0.61(0.16, 2.27) 1.5(0.27,8.22)
Agro 36 4(11.1) 1(2.8) Ref Ref
pastoralist
History of residence Yes 20 6(30.0) 0(0.0) 1.10(0.38, 3.0) 1.4(0.29,6.65)
[travel outside No 130 35(26.9) 2(1.5) Ref Ref
Gambella
History of working in ~ Yes 126 36 (28.6) 2(1.6) 1.64(0.57, 4.72) 1.15(0.20, 6.49)
the forest areas No 24 5(20.8) 0(0.0) Ref Ref
History of Yes 118 36(30.5) 2(1.7) 5.7(1.28, 25.37)* 1.34(0.21, 8.47)
bite by Aedese
mosquito
No 32 5(15.6) 0(0.0) Ref Ref

Cl (confidence

*(significant at p<0.05), Ref (Reference category)

interval), COR (crude odds ratio), AOR (adjusted odds ratio), and

5.3. Community awareness and experiences of health workers concerning

mosquito-borne viral diseases

Socio-demographic characteristics of the study participants
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At a community level, 122 participants (60 men and 62 women, age range 19-73 years, SD+

11.8, average=43.1 years) participated in the FGDs. Most of the study participants (94.6%)

were dependent on livestock rearing and with no elementary education (84.4%) (Table 10).

A total of 16 health workers (all men, age range 24-36 years, SD%3.5, average=29 years)
participated in the FGD (Table 11).

Table 10: Socio-demographic characteristics of participants involved in the community-

based FGD
Variables Number of participants Percent (%)
District
Itang 56 45.9
Lare 66 54.1
Gender
Men 60 49.2
Women 62 50.8
Age category
19-24 years 5 4.09
25-44 years 56 45.9
45-64 years 55 45.08
>65 years 6 4.9
Education
Illiterate 103 84.4
Diploma 1 0.8
Secondary school 18 14.8
Occupation
Agro pastoralist 7 5.7
Pastoralist 115 94.3
Marital status
Married 120 98.4
others 2 1.6
Ethnic group
Nuer 118 96.7
Anuak 4 3.3
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Table 11: Socio-demographic characteristics of health workers

Variables Number of participants Percent (%)

Health center

Itang 6 37.5

Lare 10 62.5
Qualification of health workers

Clinical nurses 12 75.0

Health Officer 2 125

Laboratory technician 2 125
Age category

19-24 years 1 6.2

25-44 years 15 37.5
Work experience in the area

2-5 years 9 56.3

Above 5 years 7 43.8

Community knowledge about diseases of public health importance

When men were prompted about common public health problems, they listed diseases such
as malaria, typhoid, TB, hemorrhoid, HIV, and disease caused by Zoster virus locally they
call it to spider urine infection (herpes zoster virus infection) in all the groups held. Some of
the study participants mentioned clinical signs rather than mentioning the disease by name,
thus public health concerns were expressed as clinical syndromes or signs such as fever,
diarrhea, headache, stomachache, back and joint pain, sudden death, vomiting, coughing,

skin diseases, eye problem, and abortion,

In addition, men participants from Nip Nip kebele stated that unknown diseases
characterized by high fever, joint and back pains could be transmitted from animals to
humans through the consumption of milk and meat of sick or dead animals. Participants also
mentioned the occurrence of similar diseases between animals and humans at a similar time.
The discussants requested regular disease prevention programs for their animals as well.
During the discussions, they also exhibit their sick animals in this sub-district. The
participants also complained about diseases caused by drinking and/or using pond water for

cooking food.
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Likewise, women mentioned diseases such as malaria, typhoid, skin disease, diarrhea, joint
problems and spider disease, bone TB, and fever-related diseases as the common public
health problem in the study areas. They also outlined disease signs rather than their names as
skin diseases, diarrhea, joint problems, and spider urine infection (herpes zoster virus
infection). One woman said, “There is a disease that we do not know its name or the cause.

Its signs are bloody diarrhea, fever, and joint pain. It affects all age groups and both sexes”.
Community knowledge about diseases transmitted by Anopheles and Aedes mosquitoes

When shown the pictures (appendix 5), the participants (almost all of the men and women)
identified Anopheles mosquitoes (locally known as Nyise in Nuer language and Bewo in
Agnwak languages) as the vector of malaria. They also mentioned that malaria is common
during the rainy season and it affects those individuals who frequently work in forest areas.
The participants identified malaria by its clinical signs/symptoms such as fever, headache,
back and/or joint pain, and weakness. They also mentioned that using bed nets and cloths as a

blanket can protect from mosquito bites and thus prevent malaria.

However, there is a misperception in one of the women group participants as some of them
suggested, “When a person is showered with rain, or stayed outside in the rain and come
back to home, he/she will be sick of malaria, so rain is also the cause of malaria”. One
woman also mentioned that malaria could be transmitted from mother to child through

breastfeeding.

All women and men recognized Aedes mosquitoes (also locally known as forest black-and-
white color Nyise/Bewo) (appendix 5). They also indicated that Aedes mosquitoes bite both
humans and animals during the daytime in the forest area. Nevertheless, the participants
expressed that they had no information on the specific disease that can be transmitted by
Aedes mosquitoes. They said that bites by Aedes mostly result in itching. In the groups, very
few of the participants mentioned Aedes bites can also cause malaria and some other
unknown diseases. One old man said, “We know another disease that results in bleeding
through the nose and mouth. It looks like malaria, but it has some differences. The difference
is that there is variability in its fatality. Some may die immediately and others stay for a
while”. Participants from Lare district, especially those from Pakag, a village on the border of

South Sudan, strongly argued that biting by this Aedes mosquito can cause malaria-like
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disease, which can kill within a few days due to bleeding through the nose/ mouth and/or by
changing eyes color to yellowish. They added that the disease has occurred every year since
1991 during the rainy season or after the rains when the population of mosquitoes is
abundant regularly. Yellowish eye color incidences are almost mentioned in all the FGDs
discussed in both male and female groups. They said that the disease killed more than ten
individuals in this area during the August and beginning of September 2017. They thought
that ‘the disease came from other places like South and North Sudan because of migration of

pastoralists and refugees’.

One woman from Itang special district said: “Some years ago I have seen a person who was
sick and his eyes became yellowish”. The woman added, “That disease is characterized by
signs/symptoms, like fever, bleeding through nose and mouth and it is a killer disease which
has no treatment”. Another woman from the Lare district said, “A year ago my six years old
son was sick from a disease which caused eyes, palm, and fingers to develop a yellowish
color, but he recovered without any treatment within about seven days”. She added, “I also
remember a 12-years old boy from a neighbor who was also sick from a similar disease, but

at that time it was said to be malaria and he recovered”.

Health workers experience major public health problems in the area

Health professionals from both Itang and Lare health centers mentioned diseases such as
malaria, diarrheal diseases, sexually transmitted diseases, pneumonia, typhoid, malnutrition,
TB, HIV, and visceral leishmaniasis as major health problems. However, almost all the
participants said that they did not encounter or had information on any disease other than
malaria that is transmitted through mosquitos’ bites in the area. Occasionally, they may run
out of Rapid Diagnostic Test (RDT) or reagents used for malaria diagnosis, and they treat the
patient for malaria based on findings of clinical examination. If the patient comes back after
three days of taking an anti-malarial drug and has not recovered, they suspect typhoid fever
and provide treatment accordingly without laboratory confirmation because of a lack of
reagents. If a person treated for malaria and typhoid still suffers from fever and headache or
other signs, they test again for the presence of malaria and give treatment for typhoid fever
for the second time of the same patient to clear out whether the patient is suffering from the

first case or a different one.
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They also stated that sometimes they refer such cases to the Regional hospital. When the
participants were asked whether they have encountered YF or other mosquito-borne viral
disease cases in the area and how they diagnosed them, they said that they did not encounter
YF or other mosquito-borne viral disease cases in this area. However, during the discussion,
health workers from Etang health center mentioned that they suspected YF- like cases, which
caused the death of seven individuals from ten suspected cases in 2016 in a village, called
Acula, which is closer to a South Sudan refugee camp. They also stated that they do not have
the facility to diagnose and rule out cases of YF or other mosquitoes —borne viral diseases in

febrile patients who are negative for malaria or typhoid fever.
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6. DISCUSSION

Emerging and re-emerging mosquito-borne viruses such as Yellow fever virus (YFV),
Chikungunya virus (CHIKV), Dengue virus, and Zika virus (ZIKV) have become a major
public health concern in tropical and subtropical countries (CDC, 2020h; Gould & Higgs,
2009; Lilay et al., 2017). Arboviral infections and outbreaks in Ethiopia have been
documented since the 1960s, yet the present epidemiological situation in the country remains
unknown (Ardoin et al., 1976). A limited number of studies on arboviruses in human (Ardoin
et al., 1976; Ferede et al., 2021; Lilay et al., 2017; Mengesha Tsegaye et al., 2018; Woyessa
et al., 2013) and livestock (Ibrahim et al., 2020) have been carried out in Ethiopia. This
seroprevalence study focused on arboviruses in cattle (RVFV, WNV) and human community
members (YFV, CHIKV, and ZIKV) in the Gambella Region of southwestern Ethiopia.
Many of the previous few studies on arboviruses have been conducted in other regions of
Ethiopia and were mainly part of outbreak investigations at that time including dengue fever
(DF) and YF (Ardoin et al., 1976; Endale et al., 2020; Lilay et al., 2017; Mengesha Tsegaye
et al., 2018; Woyessa et al., 2013).

In this study, it has been tried to examine the existence of the arboviruses from three
perspectives. The first part was conducted to investigate the seroprevalence of RVFV and
WNV in cattle and found an indicative result of antibodies against the two viruses in the
serum showing the possible circulation of these arboviruses. The second study was
conducted to determine the seroprevalence of YF, CHIKV, and ZIKV on the human at the
community level, where evidence of the previous circulation of these arboviruses in the area
was shown. The third part focused on community-based focus group discussion which was
conducted to determine the community and health workers' awareness about arboviruses in

the area.

The antibody evidence in both humans and cattle showed the possible future impacts in
suitable conditions for viral distribution at an increased level in the area. Indication of these
antibodies together with the low level of the community and health workers about the
arboviruses clinical manifestations and signs, transmissions, and the presence of vectors are
epidemiological indicators that demand detail future examinations for the control and

preventions,
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Besides, the availability of the wide host range and the free movement of animals (domestic

and wild) and human would favor the viruses introduction in the area.

6.1 Seroprevalence of RVFV and WNV Infections in Cattle

A limited number of studies on arboviruses in livestock (Ibrahim et al., 2020) have been
carried out in Ethiopia. This seroprevalence study in cattle revealed that there were
seropositive for RVFV and WNF infection. Antibodies positive to both viruses were found
in cattle from all the four sub-district “kebeles”. Comparing the anti-lgG of WNV and
RVFV in this study, it has been found a high seroprevalence of RVFV than WNV

The seroprevalence of RVFV infection in cattle previously reported in another African
country is 6.2% in the eastern region of the Democratic Republic of the Congo (Georges et
al., 2018) which is similar to the current study. On the other hand, the prevalence observed in
this study was lower than a report from the eastern parts of Ethiopia, Somalia region which
17.9 % (lbrahim et al., 2020), where this could be due to high marketing places in Somali for
exporting purpose where different animals come together that lead for high infection while not
applied in Gambella. It was also observed a lower prevalence compared to other African countries
like Cameroon (9.4%)(Zeller et al., 1995), Rwanda (16.8%) (Umuhoza et al., 2017);
Madagascar (25.8%) (Jeanmaire et al., 2011) and Mozambique (36.6%) (Lagerqvist et al.,
2013).

There are no reports on the clinical importance of WNV infection in cattle (UCD, 2012).
Cases of WNF in cattle are rarely documented and serologic findings of WNV-specific 1gG
antibodies have been reported in other countries like Nigeria. In the Nigerian study, WNV
IgG-antibody was documented in different animal sera including camels, goats, cattle, and
sheep (Olaleye et al., 1990) WNV IgG-antibody was also reported in cattle in Senegal
(Davoust et al., 2016), in Trinidad (Thompson et al., 2012), in Turkey (Ozkul et al., 2006),
and Palestine (Medhat et al.,1983). Several other studies in African countries have also
reported anti-lgG RVFV and anti-WNV seropositive cattle among apparently healthy
animals, (Fafetine et al., 2013) including Kenya (Labeaud et al., 2008; Munyua et al.,2010),
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Tanzania (Sumaye et al.,2013), Mozambique and Senegal (Lagerqvist et al., 2013; Lef evre,
2000; Munyua et al., 2010; Zeller et al., 1995)

The current study showed RVFV and WNV specific 1gG antibodies present in the serum of
cattle, that measures a passive infection. Thus, this study cannot confirm recent infection, and
the results may show only the exposure rate in the area. There is an observation of high
RVFV and WNV seropositivity rates among the age group of 3.5+ years showing that these
groups of animals might have been introduced to the heard at least since 2015. However,
WNV prevalence seems to have increased with time compared to RVFV because
seropositivity in the age groups of 1-3.5 years was higher in the former than in the same age
groups in the latter, where relatively higher seropositivity was observed.

The seropositivity and sex of the cattle showed no significant association indicating that both
males and females are affected by RVFV and WNV. However, male cattle were more likely
affected by WNV infection than females, while the opposite was true for RVFV infection.
Further studies are necessary to look at the reason for this result.

Other factors such as age and sampling sites did not significantly affect the occurrences of
both viruses. In contrast to the present study, other studies have found a significant
association between seropositivity of these viruses and the two factors (age and sex)(Abdel-
amir et al., 2019; Nyakarahuka et al., 2018; Ould EI Mamy et al., 2011; Sumaye et al.,
2013). A study conducted in Madagascar reported a higher prevalence of RVFV in male
cattle compared to female cattle (Jeanmaire et al., 2011). In regards to the association of
age-seropositivity of 1gG antibodies in an endemic country, the occurrence of IgG antibodies
in older animals generally supports the contention that most animals are exposed to the virus
during their lifetimes. Observing 1gG+ in younger animals permits to pinpoint the time
window of the infection, and how the recent infection occurred or was introduced (Jeanmaire
et al., 2011; Sumaye et al., 2013). Based on the multivariable logistic regression analysis,
this study revealed 1.5 times more likely to be seroprevalence of RVFV in the age group of
3.5+ years and a high prevalence of WNYV infection in the age group between 1-3.5 years,

which is in line with earlier studies showing a high proportion of 1gG+ in similar age groups

89



(Georges et al., 2018; Jeanmaire et al., 2011; Sumaye et al., 2013). Enrolling a larger sample

size might reveal a different association of the 1gG result with age and sex.

Livestock owners were also interviewed on some selected clinical signs related to RVF
infection since the WNF clinical signs in cattle have not been described. Almost half
(50.9%) of the owners reported the occurrence of mass abortion in their herds, a finding
significantly associated with RVFV IgG+ seropositivity. Many (56.0%) of the livestock
owners did not recall the history of the mass death of young animals. No-specific symptoms
such as excess salivation were reported by 14.1% of respondents and loss of appetite,
weakness, and diarrhea by 26.1% of participants together with signs of mass death of young
animals and abortion. However, there was no significant difference between these variables
and the serological documentation of WNV or RVFV infection. The statistical insignificance
association of these signs and symptoms with outcomes of anti-RVFV and anti-WNV 1gG,
the signs and symptoms might arise due to other diseases such as brucellosis, Q-fever,

toxoplasmosis, leptospirosis, and salmonellosis (FAO, 2021).

In the cattle seroprevalence study, WNV IgG-antibodies presence using ELISA was not
confirmed by more advanced methods used to detect actual viral infection. Direct detection
of the WNV from various animal species would give an improved understanding of the
epidemiological situation in east Africa. Serologically measured anti-WNV IgG antibodies in
cattle in other African countries also support the possibility that infection causes clinical
disease in these hosts like in birds, horses, crocodiles, and humans where many clinical signs
are shown. WNV occurrences in other species besides cattle elsewhere indicate the virus to
be prevalent in birds, equine as well as in human populations (Glaser, 2004). The results of
this study suggest the possible circulation of WNV warrants performing further studies in

Ethiopia with other species.

Many east African countries depend on the pastoral livestock production system for milk and
meat production. Therefore, livestock diseases, including RVFV may impact international
livestock marketing and may harm the economics of a country like Ethiopia which depends
mainly on the livestock besides the direct impact on human health (Pratt et al.,2004). In this

study, an unknown disease characterized by high fever, joint and back pains transmitted from
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sick animal to human after consumption of milk and meat mentioned in one of the sub-
district the FGDs (Nip Nip) that bring forward occurrence of zoonotic disease such as RVF.
Besides, responses of the FGDs indicated that mosquitoes such as Aedes spp bite both
humans and animals during daytime in the forest areas, where similarly they bite humans at
the forest, where that increases the transmission of vector-borne viruses such as RVF from
animal to human. The other risk factor where humans could get the infection from animals
directly would be the close contact between the humans and animals in the area. In the group
discussion, participants indicated the possible importation of diseases from North and South

Sudan together with their livestock.

6.2. Community based seroprevalence of YFV, CHIKYV, and ZIKV Infections in Human

Reports about arboviral infections and outbreaks in humans in Ethiopia have been
documented since the 1960s, yet the overall epidemiological situation in the country remains
unknown (Ardoin et al., 1976; Sérié et al., 1968). In humans, this is the first epidemiological
study conducted in Gambella Regional States of Ethiopia focusing on serological arboviral
screening. Only a few studies on arboviruses have been conducted in SNNPR, Oromia,
Diredawa, Somalia, and Amhara regions of Ethiopia and were mainly of part outbreak
investigations (Ardoin et al., 1976; Endale et al., 2020; Lilay et al., 2017; Mengesha et al.,
2018; Woyessa et al., 2013).

In the current community-based human seroprevalence study, a 2.9% prevalence of YFV IgG
positivity was found among the tested serum samples. Apart from one subject, all three YFV
IgG-positive individuals have no history of residency or travel outside the Gambella region.
This indicates that YFV is endemic to the study area and likely circulates at low levels and
might be reserved in the sylvatic cycle. Besides, three of the four individuals reported a
history of working in the forest area for farming. According to the FGDs result, the vector
ecology of Aedes mosquito and the majority of YFV seropositive individual working area
indicate the possible sylvatic circulation. The current seroprevalence of IgG antibodies
against YFV is in line with a previous study conducted in Djibouti where they found a
prevalence of 1.5% of YFV IgG+ antibodies in blood samples (Andayi et al., 2014).

However, another study from five locations of Ethiopia revealed that the seroprevalence of
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YFV among people was 0.6% in pooled samples (Mengesha et al., 2018) which is lower than
the present. The higher rate of daily commuters from neighboring countries (South Sudan,
Sudan), migration of refugees, and seasonal movement of Fullani /Fellata pastoralists from
north and West Africa could explain the higher seroprevalence that was found in this study.
In contrast, our finding showed a lower anti-YFV IgG antibody response compared to other
seroprevalence studies conducted in South Omo, Ethiopia (Endale et al., 2020) that resulted
in 49.5% of individuals were seropositive for YFV IgG antibodies. The high prevalence of
IgG in south Omo might be vaccine-related anti-body or directly related with the outbreak
occurred in 2012/2013 in the area. High seroprevalence of YFV IgG antibodies was also
found in Southern Ethiopia, the Borena area (12.5% of participants) (Nigussie et al., 2020)
where this could be also sample was taken from febrile patients that elicit a high antibody
and in Kenya (6% of participants) (Kwallah et al., 2015).

Almost all of the CHIKV IgG+ individuals’ were engaged in farming activities in the forest
area that might increase the probability of being bitten by infected mosquitoes were adapted
to sylvatic areas. In the current study, a seroprevalence of 15.6% against CHIKV-specific
IgG was detected among all participants which are in agreement with another study from
India with a seroprevalence of 15% of CHIKV IgG antibodies (Kawle et al., 2017). On the
other hand, the result of the current seroprevalence proportion of CHIKV IgG is lower
compared to results from a rural community study of CHIKV in Brazil (18.3%) (Cunha et al.,
2017) and 51% (Dias et al., 2018) from Latin America and 73.1% from East Sudan, Kassala
area (Mohamed et al., 2019), a study from Ethiopia (43.6%) South Omon zone(Endale et al.,
2020), and 23% of Metema area of Amhara region (Ferede et al., 2021). In contrast,
Khartoum state in Sudan and Southern Mozambique reported only a low seroprevalence of
CHIKV IgG antibodies of 2.2% and 4.3%, respectively (Alfadil et al., 2017) (Gudo et al.,
2015) yet, these seroprevalence studies were conducted in febrile patients. Hence, the
current study differs where it screened only healthy subjects. The majority of the CHIKV
IgG+ cases in this study were between 31-40 years of age, which is similar to findings from
another CHIKYV seroprevalence study in Tanzania (Kajeguka et al., 2016), this might show.
The highest IgG seroprevalence of CHIKV was found in males which were fivefold (22.6%)
higher compared to females. These findings were in agreement with another study that
showed males are more susceptible than females (Azami et al., 2013; Sissoko et al., 2008).
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On the other hand, other seroprevalence studies observed the opposite trend, where females
were more often CHIKV 1gG+ compared to males (Kawle et al., 2017; Mohanty et al.,
2013). Anti-lgG antibody against CHIKV was significantly associated with the agro
pastoralist lifestyle compared to a pastoralist one. The discrepancy with results from other
studies might be due to sample size and proportions of the various categories such as gender
and age. Furthermore, the participating community has various different habits, behaviors,

occupations, traditions and local practices that would exposed them to the virus.

In the current study, there is serological evidence of human exposure to ZIKV in the two
districts of the Gambella region. Overall, the prevalence of ZIKV IgG+ antibodies was
found in 41 individuals (27.3%). Only six individuals had a history of traveling or residing
outside of Gambella. Almost all individuals reported visiting forest areas for their farming
activities. Significantly, the current ZIKV IgG+ prevalence was higher compared to study
results conducted in Ethiopia in 2018 (0.4%) (Mengesha et al., 2018), Taken together, this
study confirmed that ZIKV is endemic in this area and needs attention from public health
agencies. A large fraction of the ZIKV IgG+ cases were found in the Lare district, which is
11 fold higher, compared to the ZIKV IgG+ cases in Itang special district. This could be due
to the fact the district is the main entry point from South Sudan to Ethiopia where a
temporary residential location and a registration place for refugees from South Sudan is
located, movement of people across the borders is high. Neighboring countries such as
Kenya have also reported high seroprevalence of ZIKV 1gG+ antibodies(Labeaud et al.,
2008; Sutherland et al., 2011).

Significantly higher ZIKV IgG+ antibodies were found in females in this study which is
similar to a study conducted elsewhere (Victor et al., 2018). Studies indicated that females in
the sexually active age group are more likely to get ZIKV than males; sexual transmission is
the most probable cause (Coelho et al., 2016). Prevalence of ZIKV in gender-wise difference
is also observed in mouse modeling (Duggal et al., 2018) as female mouses are more
affected.

In general, a large fraction of the age groups 18-30 and 31-40 years was ZIKV IgG+
compared to individuals in the age group >41 years, which is in line with a study result from

Zambia where study participants between 24-44 years of age showed a higher trend of ZIKV
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IgG seropositivity compared to older participants (Babaniyi et al., 2015). This result could be
related to differences in mobility, occupation, and immune status between age groups.
Participants with a history of residence or travel outside of Gambella also showed a higher
trend for being ZIKV IgG+ which is in agreement with other study results (Babaniyi et al.,
2015; Porse et al., 2018). Participants who have a history of working in the forest areas were
more likely to be ZIKV IgG+. Notably, pastoralists were found to be significantly more
affected compared to agro-pastoralists which is in line with another study from Kenya
(Chepkorir et al., 2019). This could be due to the tradition of the pastoralists and their
lifestyle associated with long-distance movements with their livestock in search of pasture or
water and exposes them more to forest areas and mosquito breeding sites close to water
sources. Participants with informal education were more likely to have ZIKA IgG+
antibodies relative to those who have attended formal education. This might correlate with
lower knowledge of disease transmission and the source of infection as shown by a study
conducted in Nigeria (Ndibuagu, 2018).

6.3. Community awareness and experiences of health workers concerning

mosquito-borne viral diseases

The results of this study revealed a lack of community awareness about different mosquitoes-
borne viral diseases in general, although the study area can be considered as a high risk.
However, the study participants have a high level of knowledge about malaria. There are
many possible explanations for the lack of community awareness about mosquitoes-borne
viral diseases. In areas like Gambella, where malaria is endemic, it should not be surprising
to find awareness of people on mosquito-borne diseases to be focused mainly on malaria and
other mosquitoes-borne diseases to remain unrecognized. Moreover, in resources limited
countries, there is a high chance of misdiagnosis of mosquitoes-borne viral infections due to
the lack of routine diagnostic tests and the non-specific nature of clinical symptoms of
febrile-causing diseases (Ayorinde et al., 2016).

The previous study which focused on community knowledge, attitudes, and practices on one
of the arbovirus diseases YF in Southern Ethiopia indicated that community members had
great difficulty in differentiating between YF and malaria (especially confusion with
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falciparum malaria)(Legesse et al., 2018). A study in Tanzania also revealed that many
community members believed that most instances of fever are due to malaria and the
community had a low level of awareness about other non-malaria febrile illnesses like RVF
or DF despite the endemicity of these diseases(Chipwaza et al., 2014). Contrariwise, very

few studies showed relatively good awareness of arbovirus diseases(Dhimal et al., 2014).

Almost all the participants in this study recognized Anopheles mosquito as the one that
transmits malaria, which is locally known as “Nyise/Bewo”. They also correctly recognized
its breeding sites, biting time, and prevention using bed nets. However, few individuals
argued that Anopheles bites both during the night and during the daytime in a dark place or
inside the house. Conversely, the present study showed a better knowledge of the Anopheles

vector compared to a study conducted in Jamaica(Alobuia et al., 2015).

The discussants also are familiar with the Aedes mosquito, as they have identified it as black-
and-white color forest “Nyise”, which breeds inside water bodies in a forest area during the
rainy season. The participants from different kebeles also underlined that Aedes mosquito
bites both humans and their animals during the daytime in forest areas or near water bodies,

but it does not come to their home like that of Anopheles frequently.

A community-based study in rural Cambodia also revealed a high level of knowledge

regarding Aedes breeding and biting time(Kumaran et al., 2018).

However, the majority of the participants expressed that they do not know what kind of
disease the Aedes transmits following biting except resulting in intermittent irritating itching,
which implies that the communities in the present study had no information regarding the
role of Aedes mosquito in the transmission of any known disease. A previous study in
Jamaica also showed very poor community knowledge of Aedes mosquito as the vector for
DF to assess the vectors’ knowledge (Alobuia et al., 2015). In a study conducted in Kongwa
and Kilombero districts in Tanzania, a very small percent of participating community
members were aware of the RVF vector (Shabani et al., 2015), suggesting the difficulty
about prevention of RVF, which has a similar indication where mosquitoes would have
transmitted diseases between animals and humans during the discussion. A study carried out
to assess the awareness of DF vectors showed that people were not aware of the role of Aedes

in the transmission of the disease and it also showed the existence of confusion with other
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mosquitoes (Egedus et al., 2014). A study in the YF endemic area of Ethiopia also showed a
low level of community knowledge about the vectors of YF and its mode of
transmission(Legesse et al., 2018). The communities’ knowledge of the Anopheles and Aedes
mosquitoes biting in the area would play a big role in the tackling of malaria and other viral

diseases.

Health workers from Etang health center expressed their concerns about the high risk of
occurrence of YF in the area, because of the frequent migration of refugees/pastoralists from
YF endemic border countries, primarily from South Sudan and Kenya to Gambella. The
proximity of Gambella to countries like South Sudan, where repeated mosquito-borne viral
disease outbreaks have been reported (Markoff, 2013), leads to the high risk of mosquito-
borne viruses being introduced in the area. The environment is risky because the migration
of refugees, animals, and wildlife across the border between South Sudan and the Gambella
Region, as well as the ecological suitability of the region for mosquito vectors, would highly

contribute to the occurrence and transmission of mosquito-borne viruses.

The community-based FGDs also indicated that there were participants who mentioned some
of the clinical signs of mosquito-borne viral disease despite the fact the signs and symptoms
are more or less similar to each other and counted as malaria cases. Study participants’
responses from some of the Lare and Itang community-based FGDs suggested the occurrence

and transmission of mosquitoes-borne viral diseases in the area.

Taken together, evidence collected in this study points towards the occurrence and
transmission of mosquito-borne viral diseases in the area, which would not be surprising
given the high risk for these diseases to occur. Unexpected outbreaks of major mosquitoes-
borne viral diseases such as YF, DF, and RVF is not uncommon in East African countries
since the early 1950s(Legesse et al., 2018; Lilay et al., 2017; Onyango et al., 2004; Sanders
et al., 1998; Wamala et al., 2012; WHO, 2018a; Woyessa et al., 2013). However, in many
cases, infection with mosquitoes-borne viruses causes subclinical or clinical signs/symptoms
that are confused with other diseases such as malaria (Ayorinde et al., 2016; Gardner and
Ryman, 2010) which was also reflected during the focus group discussion and warrants

strengthening of surveillance.
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Overall, in the present FGDs study, the diagnosis of febrile cases, in general, is rarely
supported or confirmed by laboratory tests, reflecting the limitations of the health service
delivery system and the shortage of laboratory facilities observed during the study period.
This is likely leading to underdiagnoses and reporting of the actual presence of mosquito-
borne viral diseases. Upon health workers’ discussion, the poorly equipped laboratories in the
region are not able to provide simple and urgently needed routine disease diagnosis; and even
ruling out typhoid fever is a big challenge in the area. This kind of problem is also common
in other African countries (Amarasinghe et al., 2011; Ayorinde et al., 2016; Chipwaza et al.,
2014).

This FGDs study would provide important information on community awareness and health
workers’ experiences about major mosquitoes-borne viruses in the study area. However, the
study was conducted in purposively selected districts of the Gambella Region and the

findings cannot be generalized to all the districts of the Region.

In this study, there was an observation where all the YFV 1gG+ were found CHIKV positive
while only one common positive between ZIKV and CHIKV during the screening of
samples. This indicates there is a double infection of one person with CHIKV and YFV.
Similarly, a report by Endale et al.(2020) showed that 60% of the tested individuals revealed
positive for both viruses in South Omo Ethiopia. This indicates the possible circulation of
these two viruses thus; the relative increases in the magnitude of CHIKV IgG antibody
among YFV IgG antibody positive categories might be due to the circulation of both viruses
in the study area. However, the findings warrant further studies to come up with a better

understanding of the correlation between CHIKV and YFV 1gG" antibodies.

6.4. Limitations of the Studies

After reviewing the available literature published so far conducted, this is the first study and
document dealing with arboviruses in the Gambella region and some are unique to Ethiopia.
It is believed that this study would provide baseline data on the epidemiology of YFV,
CHIKV, ZIKV, WNF, and RVF in the area. Despite the above fact, this study has the

following limitations.
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The community-based study lacks quantitative information on the level of knowledge,

attitude, and practices.

One limitation of the study is that we did not use confirmatory tests such as Plaque Reduction
Neutralization Test (PRNT), or PCR as proof of the viral agent due to budget limitations.
Despite the fact it was proposed to collect 238 serum samples from humans, it cannot be
achieved due to the lack of volunteer blood sample donors in the research protocol. In
addition, it was unable to screen all the serum samples for YFV and CHIKV also due to
budget limitations. Thus, the number of serum samples screened may be a limitation of the
study. Finally, it was not able to conduct IgM ELISA screening to help distinguish recent
exposure vs. more distant viral infection. Another setback of this study is that RVFV and
WNV study was conducted only on cattle, excluding other species of livestock that would

enable the comparison of the viruses’ distributions in the available potential hosts.
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7. CONCLUSION AND RECOMMENDATIONS
7.1. Conclusion
Detection of RVF and WNF antibody using indirect ELISA warrants further active
case findings in cattle
The antibody-based ELISA study revealed the possible occurrence of RVF and WNF among
the cattle population in the Gambella Region, which might show the circulation of the viruses
in reservoir hosts in the area. Significantly, high 1gG+ of both viruses was observed among
those with a history of abortion. An increasing trend of IgG+ of both viruses was also
observed among those that have a history of mass death of young animals and age 3.5 years
and above. Comparatively, the high IgG+ to RVFV and WNV infections among the age
group of 3.5+ years may show that these viruses have occurred in the study area recently. In
this RVF and WNF study, a higher seroprevalence of IgG antibodies to RVF virus infection
was observed compared to the WNF virus in cattle. Many of the cattle owners reported the
occurrence of mass abortion in their herds, a finding significantly associated with RVFV

seropositivity. In all the cattle serological examinations result there was no significant
association between the seroprevalence and the cattle age, sex, or sampled locations.

YFV, CHIKV, and ZIKYV serological examination revealed there have been possible

circulation within the community, that initiate further active case investigations

The laboratory finding in this study showed the community-based seroprevalence of YFV,
CHIKV, and ZIKV in two districts of the Gambella region, South West Ethiopia. Hence, the
results revealed the circulation of these viruses within the community. Although the result of
seroprevalence in different categories varies, the following can be concluded. CHIKV IgG+
antibodies were found to be significantly associated with the agro-pastoral community
compared to the pastoral one. The seroprevalence of ZIKV IgG antibodies was found to be

significantly higher in females and than in males which could be due to sexual transmission.
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It is also found that ZIKV IgG+ cases were more prevalent in Lare compared to Itang special
district. Therefore, it is an important step to include testing options in those health facilities,

laboratories and to implement mosquito-borne viral disease prevention and control programs.

Community members and health workers do not have adequate information on
mosquitoes-borne viral diseases in the area

The present study showed that community members and health workers in the study areas do
not have adequate information on mosquitoes-borne viral diseases. On the other hand,
evidence collected in this community-based and health workers FGDs study suggests the
occurrence and transmission of mosquitoes-borne viral diseases in the present study area.
Heath workers emphasized the lack of laboratory and diagnostic facility even malaria and
other bacterial diseases are a major challenge in the area. In this FGDs study, all the
discussants mentioned malaria, typhoid fever, unknown cause of diarrhea, and skin diseases
as the major public health problems in the study area. The community-based FGDs result
indicated major clinical signs of YF in particular and identified the presence of the primary
vectors of many arboviruses in the area. Hence, discussants could able to confirm the
presence of both Anopheles and Aede mosquitoes in the area. Discussants identified
Anopheles as the vector of malaria while unable to mention the disease name transmitted
through Aedes but, they mentioned it as it bites both humans and animals during the daytime
in forest areas and causes skin itching to humans. Uniquely community participants from
Pakag, a village bordering South Sudan, indicated that Aedes can also cause a malaria-like
disease that can kill within a few days. Health workers from Etang health center described
that in 2016, an outbreak of unknown disease causing fever and jaundice occurred and killed

seven individuals in a village close to a South Sudan refugee camp.

Future Research Directions

Upon the current research Results and Output the possible future research directions include:
a. Detection of IgM from febrile humans and cattle
b. Studies on other livestock populations, wild animals, reservoir hosts, and vectors
for better understanding the transmission dynamicity as well as the status of the

viruses.
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c. Active antigen detection of the viruses using molecular techniques, geospatial
study on vector distribution, other domestic animals, and reservoir hosts

d. Refinement of other clinically similar diseases with arboviruses in both humans
and animals

e. Research on quantitative-based surveillance on arboviruses for measuring the
level of awareness (knowledge, attitude, and practice) to elucidate the quantitative

level of information.

7.2. Recommendations

e There is a need to strengthen population-based surveillance of mosquito-borne viruses
(YFV, CHIKV, RVFV, WNV, and ZIKV) and potential vectors, creating awareness
among health care providers and community members about their agents, mode of
transmissions, and taking preventive measures is indispensable.

e Seroprevalence study of RVFV and WNV on other species of domestic animals
should be considered

e It is also important to appreciate the need for providing diagnostic testing for the
health institutions of the region to ensure early detection and preparedness for these
public health threats.

e Studies on the detection of active cases in domestic animals, humans, wild animals,
and potential vectors using advanced techniques are highly acclaimed, for better
future forecasts, and reductions of possible outbreaks

e The health system in the area should consider a one health approach in the prevention
of arboviral infections in the national disease prevention and preparedness program.

e Looking for microcephaly cases in the area for ZIKV is recommended in new-borne
individuals

e Location and occupation-based risk factors also specifically considered in future
studies for ZIKV
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Annexes

Appendix 1: cattle information collecting sheet

s/n | Name of | cod | woreda | kebele | village | Speci | se |age | H | HM | hEXC | pari | remar | rem
owner e es X A|DY |E ty |k ark
Sheet -----
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Appendix 2. Risk factor assessment on arboviruses exposure in Gambella Regional State,
South Western Ethiopia

Risk factor assessment on arboviruses exposure in Gambella Regional State, South
Western Ethiopia

Community-based serological test)

Name of Participant:
code. Woreda Kebele
Village Date / /

Please kindly provide information for the following general questions

1 Sex: 1.Male 2. Female

2 Age: years

3 Ethnicity: 1. Nuer 2. Anywaa 3. Komo 4. Opow 4. Others (specify)

4 Religion: 1. Protestant 4. Orthodox 3. Muslim 4. Catholic 5. Others(specify)
5 Educational Status: 1. llliterate 2. Read only 3. Read and write 4. Secondary and

above 5. Other

6 Occupation: 1. Pastoralist 2. Agro pastoralist 4. Others (specify)
7 Duration of stay in this kebele:
8 History of residence in other countries Yes 2. No
9 If Q8 yes, where and when: Where
When months/years
10 Do you have any travel history to other country/area (like South Sudan, Kenya,
Uganda/other areas within Ethiopia): 1. Yes 2. No
11 If yes where and when: Where ; When
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12 History of working/traveling to areas like forest: 1. Yes 2. No

13 If Q12 yes, when

14 Do you know this mosquito (Aedes mosquitoes’ picture demonistration): 1. Yes 2.
No

15. Where they (Aedes mosquito) are found/breed?

16 History of biting by this mosquito (Aedes mosquitoes’ picture observation): 1. Yes
2. No

17 If Q16 yes, where and when: 1. Night at home; 2. Day time around home; 3. Day
time in Forest area; 4. Other specify

18 If Q 16 yes, do you think biting by this mosquito causes a disease: 1. Yes 2. No 3. |
don’t know

19 If yes to question 18, what type of disease?

20 Any history of chronic diseases: 1. Yes 2. No

21 If Q 20 yes, mention the disease:

22 Avre there primates (monkey and apes around your residence or grazing areas)? 1. Yes
2.No

23 History of vaccination for yellow fever (check list/card): 1. Yes 2. No

Date collected by date signature
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Appendix 3. Basic focal group discussants information

PN er&7 oot ae(ld® avZ%/Community focal group discussants basic

information

tlels | ag°/nam | h&eifag | 2F/se | ac/occupatio | PNA/sub | LONF 14/ethni

n e e X n -district | v-e/marita | ¢ base
| status

Pm.G OAae-ePTF ao(l ¢ av B [Health workers basic information

+ie/sn | ag®/name | A&9%/age | 2F/sex | av-@/ +0A/sub- | £0é-

qualification | district | A7°&/work
experience

Appendix 4. Focal group Discussion check lists

a) Main public health problems in this area
b) Ordering of listed diseases
c) Major clinical signs and symptoms of listed diseases
d) Diseases transmitted through mosquito, other than mentioned above
a. Additional diseases transmitted through mosquitoes if available
e) Do you know these mosquitoes (Anopheles and Adese) (picture based discussion)
a. Have you seen these in this area
b.  What kind of diseases they transmit
c.  Where they live
d.  When they bit
e. Do you know what kind of disease the zebra like mosquito transmit
f)  Which of these eyes is abnormal
a. The top or the bottom
g) What kind of prevention method is recommended

The discussion was started by giving equal chance for the participants, and it was conducted by
assisted
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Appendix 5. lllustrations for focal group discussion

Figure 18. Figures used during the Group discussion in the study areas.

a. Picture of Anopheles mosquito (Anopheles mosquito stock image, 2014)

b. Picture of Aedes mosquito (Shutterstock, 2017)

149


https://www.google.com/url?url=https://depositphotos.com/35439915/stock-photo-anopheles-mosquito.html&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwie-sfQpYrcAhUMORQKHeM0CdwQwW4IIzAG&usg=AOvVaw3QR6pIQkR-2_C6dm
https://www.google.com/url?url=https://www.istockphoto.com/photos/aedes-mosquito&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwjkwbmwporcAhWFPxQKHSWsBJwQwW4IFzAA&usg=AOvVaw39m5GNpt6qwzP0IY
https://www.google.com/url?url=https://depositphotos.com/35439915/stock-photo-anopheles-mosquito.html&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwie-sfQpYrcAhUMORQKHeM0CdwQwW4IIzAG&usg=AOvVaw3QR6pIQkR-2_C6dm
https://www.google.com/url?url=https://www.istockphoto.com/photos/aedes-mosquito&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwjkwbmwporcAhWFPxQKHSWsBJwQwW4IFzAA&usg=AOvVaw39m5GNpt6qwzP0IY

C, Picture of Yellowish eye after yellow fever virus (GTR, 2019)

d, Arboviral signs in an affected person (The Star, 2018)
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Appendix 6. Cow Rift Valley fever Virus 1gG ELISA Kit

Range: Qualitative
Sensitivity: Qualitative

Application: For qualitative detection of RVFV in cow serum, plasma, Tissue Homogenaates

and cell culture supernatants.
Principe of the Assay

A 96 well plate has been pre-coated with the target antigen. Controls or test samples are
added to the appropriate wells and incubated. Free components are washed away with wash
buffer. HHRP conjugated detection reagents are used to visualize HRP enzymatic reaction.
TMB is catalyzed by HRP to produce a blue colour product that changes to yellow after
adding acidic stop solution. The intensity of the color yellow is proportional to the RVFV-
IgG amount bound on the plate. The O.D. absorbance is measured spectrophotometrically at
450nm in a microplate reader, and the presence of RVFV-IgG can be determined.

Materials used (for 96 well)
Kit components

one pre-coated 96-well microplate ((8*12 well strips)),
Positive control 0.5ml,

Negative control: 0.5ml

Wash buffer (30X): 20ml. dilution: 1:30
Sample diluent buffer: 6ml

HRP conjugate reagent (RTU) : 6ml
Stop solution: 6ml

TMB substrate A: 6ml

. TMB substate B: 6ml

10. Plate sealer: 2

11. Hermetic bag: 1

©WooNe kR WNRE
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Materials used

37°C incubater

Microplate reader (Wavelength 450 nm)

Multi and Single channel pipette and sterile pipette tips
Squirt bottle or automated microplate washer

ELISA shaker

1.5ml tubes

Deionized or distilled water

Absorbent filter papers

100 ml and 1 liter graduated cylinders

© oN AN E

A. Preparation of samples and reagents

Isolates the test samples soon after collecting and analyze immediately at 1/5 dilution

(within 2 hours) or aliquot and store at -20°C or -80°C for long-term storage.

1. Sample

The serum samples should be collected into a serum separator tube. Coagulate the serum
by leaving the tube undisturbed in a vertical position overnight at 4°C or at room
temperature for up to 60 minutes. Centrifuge at approximately 1000Xg for 20 minutes.
Analyze the serum immediately or aliquot and store at -20°C or -80°C. (The storage of

samples should be undiluted. Once ready to analyze, thaw samples and dilute 1/5).

2. Wash buffer

Dilute the concentrated Wash buffer 20-fold (1/20) with distilled water (i.e add 20 ml of

concentrated wash buffer into 380ml of distilled water).

B. Assay procedure

Equilibrate the kit components and samples to room temperature prior to use.

1. Set positive/negative controls, test sample and control (zero/blank) wells on the pre-
coated plate and record their positions.
2. Aliquot 50l of the negative and positive controls into the set wells. Leave one well

as the control (zero) blank well.
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10.

Aliquot 50ul of appropriately diluted samples into the test sample wells. Samples
should be diluted 1/5. Add the solution at the bottom without touching the sidewalls
of the well. Shake the plate gently to mix the contents.

Seal the plate with a cover and incubate at 37°C for 30 minutes

Remove the cover and discard the solution. Wash the plate 5 times with 1X wash
buffer. Fill each well completely with Wash buffer (300ul) using a multi-channel
Pipette or auto washer (1-2 minute soaking period is recommended). Complete
removal of liquid at each step is essential for good performance. After the final wash,
remove any remaining Wash Buffer by aspirating or decanting. Invert the plate and
blot it against clean absorbent paper towels.

Add 100pl of HRP conjugate reagent into each well (except the blank well). Add the
solution at the bottom of each well without touching the sidewall.

Seal the plate with a cover and incubate at 37°C for 60 minutes.

Remove the cover and repeat the aspiration/wash process 5 times as explained in step
5.

Aliquot 50ul of TMB substrate A into each well, and then add 50ul of TMB Substrate
B. Vortex the plate gently on an ELISA shaker for 30 seconds (Or shake gently by
hand for 30 seconds). Cover the plate and incubate at 37°C for 15 minutes. Avoid
exposure to light.

Add 50ul of Stop solution into each well to stop the enzyme. It is important that the
Stop solution be mixed quickly and uniformly throughout the microplate to inactivate

the enzyme completely.
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11. Ensure that there are no fingerprints or water on the bottom of the plate, and that the

fluid in the wells is free of bubbles. Measure the absorbance at 450 nm immediately.

C. Analysis

1. Calculations:
Mean absorbance of the positive control should be >1.00
Mean absorbance of the negative control should be <0.10
CUT OFF value=Negative control + 0.15

2. Interpretation of results:
If the positive control value is > 1.00 and the negative control value is < 0.10, the
test is valid; otherwise, the test is invalid.
If O.D. of samples < CUT OFF, the test samples are considered negative.

If O.D. of samples > CUT OFF, the test samples are considered positive.

D. Precautions

1. Before using the kit, centrifuge the tubes to bring down the contents trapped in the lid

2. Avoid foaming, bubbles when mixing, or reconstituting components.

3. If crystals have formed in the concentrated Wash Buffer, warm to room temperature
and mix gently until the crystals have completely dissolved.

4. 1t is recommended measuring each controls and samples in duplicate.

5. Do not let the wells uncovered for extended periods between incubation. Once
reagents are added to the wells do not let the strips dry as this can inactivate the
biological material on the plate. Incubation time and temperature must be controlled.

6. Ensure plates are properly sealed or covered during incubation steps.
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7. Complete removal of all solutions and buffers during wash steps is necessary for
accurate measurement readings

8. Do not reuse pipette tips and tubes to avoid cross contamination.

9. Do not use expired components from different kit.

10. The TMB Substrate B is easily contaminated: protect from light and work under
sterile conditions when handling the TMB substrate solution. Equilibrate at room
temperature prior to use. Unreacted substrate should be colorless or very yellow in
appearance. Aspirate the dosage needed with sterilized tips and do not dump the

residual solution back into the vial.
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Appendix 7. Cattle West Nile Virus IgG ELISA Kit

Range: Qualitative
Sensitivity: Qualitative

Application: For qualitative detection of WNV-IgG in cow serum, plasma, Tissue

Homogenates and cell culture supernatants.
Principe of the Assay

A 96 well plate has been pre-coated with the target antigen. Controls or test samples are
added to the appropriate wells and incubated. Free components are washed away with wash
buffer. HHRP conjugated detection reagents are used to visualize HRP enzymatic reaction.
TMB is catalyzed by HRP to produce a blue colour product that changes to yellow after
adding acidic stop solution. The intensity of the color yellow is proportional to the WNV-IgG
amount bound on the plate. The O.D. absorbance is measured spectrophotometrically at

450nm in a microplate reader, and the presence of WNV-IgG can be determined.
Materials used (for 96 well)
Kit components

one pre-coated 96-well microplate ((8*12 well strips)),
Positive control 0.5ml,

Negative control: 0.5ml

Wash buffer (30X): 20ml. dilution: 1:30
Sample diluent buffer: 6ml

HRP conjugate reagent (RTU) : 6ml
Stop solution: 6ml

TMB substrate A: 6ml

. TMB substate B: 6ml

10. Plate sealer: 2

11. Hermetic bag: 1

©CoNoarWDE
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Materials used

37°C incubater

Microplate reader (Wavelength 450 nm)

Multi and Single channel pipette and sterile pipette tips
Squirt bottle or automated microplate washer

ELISA shaker

1.5ml tubes

Deionized or distilled water

Absorbent filter papers

100 ml and 1 liter graduated cylinders

© oN AN E

A. Preparation of samples and reagents

Isolates the test samples soon after collecting and analyze immediately at 1/5 dilution

(within 2 hours) or aliquot and store at -20°C or -80°C for long-term storage.

1. Sample

The serum samples should be collected into a serum separator tube. Coagulate the serum
by leaving the tube undisturbed in a vertical position overnight at 4°C or at room
temperature for up to 60 minutes. Centrifuge at approximately 1000Xg for 20 minutes.
Analyze the serum immediately or aliquot and store at -20°C or -80°C. (The storage of

samples should be undiluted. Once ready to analyze, thaw samples and dilute 1/5).

2. Wash buffer

Dilute the concentrated Wash buffer 20-fold (1/20) with distilled water (i.e add 20 ml of

concentrated wash buffer into 380ml of distilled water).

B. Assay procedure

Equilibrate the kit components and samples to room temperature prior to use.

1. Set positive/negative controls, test sample and control (zero/blank) wells on the pre-
coated plate and record their positions.
2. Aliquot 50ul of the negative and positive controls into the set wells. Leave one well

as the control (zero) blank well.
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10.

Aliquot 50ul of appropriately diluted samples into the test sample wells. Samples
should be diluted 1/5. Add the solution at the bottom without touching the sidewalls
of the well. Shake the plate gently to mix the contents.

Seal the plate with a cover and incubate at 37°C for 30 minutes

Remove the cover and discard the solution. Wash the plate 5 times with 1X wash
buffer. Fill each well completely with Wash buffer (300ul) using a multi-channel
Pipette or auto washer (1-2 minute soaking period is recommended). Complete
removal of liquid at each step is essential for good performance. After the final wash,
remove any remaining Wash Buffer by aspirating or decanting. Invert the plate and
blot it against clean absorbent paper towels.

Add 100pl of HRP conjugate reagent into each well (except the blank well). Add the
solution at the bottom of each well without touching the sidewall.

Seal the plate with a cover and incubate at 37°C for 60 minutes.

Remove the cover and repeat the aspiration/wash process 5 times as explained in step
5.

Aliquot 50ul of TMB substrate A into each well, and then add 50ul of TMB Substrate
B. Vortex the plate gently on an ELISA shaker for 30 seconds (Or shake gently by
hand for 30 seconds). Cover the plate and incubate at 37°C for 15 minutes. Avoid
exposure to light.

Add 50ul of Stop solution into each well to stop the enzyme. It is important that the
Stop solution be mixed quickly and uniformly throughout the microplate to inactivate

the enzyme completely.
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11. Ensure that there are no fingerprints or water on the bottom of the plate, and that the

fluid in the wells is free of bubbles. Measure the absorbance at 450 nm immediately.

C. Analysis

3. Calculations:
Mean absorbance of the positive control should be >1.00
Mean absorbance of the negative control should be <0.10
CUT OFF value=Negative control + 0.15

4. Interpretation of results:
If the positive control value is > 1.00 and the negative control value is < 0.10, the
test is valid, otherwise, the test is invalid.
If O.D. of samples < CUT OFF, the test samples are considered negative.

If O.D. of samples > CUT OFF, the test samples are considered positive.

D. Precautions

1. Before using the Kit, centrifuge the tubes to bring down the contents trapped in the lid

2. Avoid foaming or bubbles when mixing or reconstituting components.

3. If crystals have formed in the concentrated Wash Buffer, warm to room temperature
and mix gently until the crystals have completely dissolved.

4. 1t is recommended measuring each controls and samples in duplicate.

5. Do not let the wells uncovered for extended periods between incubation. Once
reagents are added to the wells do not let the strips dry as this can inactivate the
biological material on the plate. Incubation time and temperature must be controlled.

6. Ensure plates are properly sealed or covered during incubation steps.
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7. Complete removal of all solutions and buffers during wash steps is necessary for
accurate measurement readings

8. Do not reuse pipette tips and tubes to avoid cross contamination.

9. Do not use expired components from different kit.

10. The TMB Substrate B is easily contaminated: protect from light and work under
sterile conditions when handling the TMB substrate solution. Equilibrate at room
temperature prior to use. Unreacted substrate should be colorless or very yellow in
appearance. Aspirate the dosage needed with sterilized tips and do not dump the

residual solution back into the vial.

Appendix 8. Human Yellow Fever Virus IgG (YFV-1gG) ELISA kit

Range: Qualitative
Sensitivity: Qualitative

Application: For qualitative detection of YFV-1gG in human serum, plasma, Tissue

Homogenaates and cell culture supernatants.
Principe of the Assay

A 96 well plate has been pre-coated with the target antigen. Controls or test samples are
added to the appropriate wells and incubated. Free components are washed away with wash
buffer. HRP conjugated detection reagents are used to visualize HRP enzymatic reaction.
TMB is catalyzed by HRP to produce a blue colour product that changes to yellow after
adding acidic stop solution. The intensity of the color yellow is proportional to the YFV-IgG
amount bound on the plate. The O.D. absorbance is measured spectrophotometrically at

450nm in a microplate reader, and the presence of YFV-IgG can be determined.
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Materials used (for 96 well)
Kit components

one pre-coated 96-well microplate ((8*12 well strips)),
Positive control 0.5ml,

Negative control: 0.5ml

Wash buffer (30X): 20ml. dilution: 1:30
Sample diluent buffer: 6ml

HRP conjugate reagent (RTU) : 6ml
Stop solution: 6ml

TMB substrate A: 6ml

. TMB substate B: 6ml

10. Plate sealer: 2

11. Hermetic bag: 1

©COoNoaRWDE

Materials used

37°C incubater

Microplate reader (Wavelength 450 nm)

Multi and Single channel pipette and sterile pipette tips
Squirt bottle or automated microplate washer

ELISA shaker

1.5ml tubes

Deionized or distilled water

Absorbent filter papers

100 ml and 1 liter graduated cylinders

e R

>

Preparation of samples and reagents
Isolates the test samples soon after collecting and analyze immediately at 1/5 dilution
(within 2 hours) or aliquot and store at -20°C or -80°C for long-term storage.

1. Sample

The serum samples should be collected into a serum separator tube. Coagulate the serum
by leaving the tube undisturbed in a vertical position overnight at 4°C or at room
temperature for up to 60 minutes. Centrifuge at approximately 1000Xg for 20 minutes.
Analyze the serum immediately or aliquot and store at -20°C or -80°C. (The storage of
samples should be undiluted. Once ready to analyze, thaw samples and dilute 1/5).
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2. Wash buffer

Dilute the concentrated Wash buffer 30-fold (1/30) with distilled water (i.e add 20 ml of
concentrated wash buffer into 580ml of distilled water).

B. Assay procedure

Equilibrate the kit components and samples to room temperature prior to use.

1. Set positive/negative controls, test sample and control(zero/blank) wells on the pre-
coated plate and record their positions.

2. Aliquot 50ul of the negative and positive controls into the set wells. Leave one well
as the control (zero) blank well.

3. Aliquot 50ul of appropriately diluted samples into the test sample wells. Samples
should be diluted 1/5. Add the solution at the bottom without touching the sidewalls
of the well. Shake the plate gently to mix the contents.

4. Seal the plate with a cover and incubate at 37°C for 30 minutes

5. Remove the cover and discard the solution. Wash the plate 5 times with 1X wash
buffer. Fill each well completely with Wash buffer (300ul) using a multi-channel
Pipette or auto washer (1-2 minute soaking period is recommended). Complete
removal of liquid at each step is essential for good performance. After the final wash,
remove any remaining Wash Buffer by aspirating or decanting. Invert the plate and
blot it against clean absorbent paper towels.

6. Add 50ul of HRP conjugate reagent into each well (except the blank well). Add the
solution at the bottom of each well without touching the sidewall.

7. Seal the plate with a cover and incubate at 37°C for 30 minutes.
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10.

11.

Remove the cover and repeat the aspiration/wash process 5 times as explained in step
o.

Aliquot 50pl of TMB substrate A into each well, and then add 50ul of TMB Substrate
B. Vortex the plate gently on an ELISA shaker for 30 seconds (Or shake gently by
hand for 30 seconds). Cover the plate and incubate at 37°C for 15 minutes. Avoid
exposure to light.

Add 50ul of Stop solution into each well to stop the enzyme. It is important that the
Stop solution be mixed quickly and uniformly throughout the microplate to inactivate
the enzyme completely.

Ensure that there are no fingerprints or water on the bottom of the plate, and that the

fluid in the wells is free of bubbles. Measure the absorbance at 450 nm immediately.

. Analysis

5. Calculations:
Mean absorbance of the positive control should be >1.00
Mean absorbance of the negative control should be <0.10
CUT OFF value=Negative control + 0.15
6. Interpretation of results:
If the positive control value is > 1.00 and the negative control value is < 0.10, the
test is valid, otherwise, the test is invalid.
If O.D. of samples < CUT OFF, the test samples are considered negative.

If O.D. of samples > CUT OFF, the test samples are considered positive.
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10.

Precautions

Before using the kit, centrifuge the tubes to bring down the contents trapped in the lid
Avoid foaming or bubbles when mixing or reconstituting components.

If crystals have formed in the concentrated Wash Buffer, warm to room temperature
and mix gently until the crystals have completely dissolved.

It is recommended measuring each controls and samples in duplicate.

Do not let the wells uncovered for extended periods between incubation. Once
reagents are added to the wells do not let the strips dry as this can inactivate the
biological material on the plate. Incubation time and temperature must be controlled.
Ensure plates are properly sealed or covered during incubation steps.

Complete removal of all solutions and buffers during wash steps is necessary for
accurate measurement readings

Do not reuse pipette tips and tubes to avoid cross contamination.

Do not use expired components from different Kit.

The TMB Substrate B is easily contaminated: protect from light and work under
sterile conditions when handling the TMB substrate solution. Equilibrate at room
temperature prior to use. Unreacted substrate should be colorless or very yellow in
appearance. Aspirate the dosage needed with sterilized tips and do not dump the

residual solution back into the vial.
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Appendix 9. Human Chikungunya Virus IgG (CHIKV-IgG) ELISA kit

Range: Qualitative
Sensitivity: Qualitative

Application: For qualitative detection of CHIKV-IgG in human serum, plasma, Tissue
Homogenaates and cell culture supernatants.

Principe of the Assay

A 96 well plate has been pre-coated with the target antigen. Controls or test samples are
added to the appropriate wells and incubated. Free components are washed away with wash
buffer. HRP conjugated detection reagents are used to visualize HRP enzymatic reaction.
TMB is catalyzed by HRP to produce a blue colour product that changes to yellow after
adding acidic stop solution. The intensity of the color yellow is proportional to the CHIKV-
IgG amount bound on the plate. The O.D. absorbance is measured spectrophotometrically at

450nm in a microplate reader, and the presence of CHIKV-1gG can be determined.
Materials used (for 96 well)
Kit components

one pre-coated 96-well microplate ((8*12 well strips)),
Positive control 0.5ml,

Negative control: 0.5ml

Wash buffer (30X): 20ml. dilution: 1:30
Sample diluent buffer: 6ml

HRP conjugate reagent (RTU) : 6ml
Stop solution: 6ml

TMB substrate A: 6ml

. TMB substate B: 6ml

10. Plate sealer: 2

11. Hermetic bag: 1

©CoNoarWDE

Materials used

37°C incubator

Microplate reader (Wavelength 450 nm)

Multi and Single channel pipette and sterile pipette tips
Squirt bottle or automated microplate washer

ELISA shaker

agrowpnE
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1.5ml tubes

Deionized or distilled water
Absorbent filter papers

100 ml and 1 liter graduated cylinders

© 0N

A. Preparation of samples and reagents

Isolates the test samples soon after collecting and analyzes immediately at 1/5 dilution

(within 2 hours) or aliquot and store at -20°C or -80°C for long-term storage.

3. Sample

The serum samples should be collected into a serum separator tube. Coagulate the serum
by leaving the tube undisturbed in a vertical position overnight at 4°C or at room
temperature for up to 60 minutes. Centrifuge at approximately 1000Xg for 20 minutes.
Analyze the serum immediately or aliquot and store at -20°C or -80°C. (The storage of

samples should be undiluted. Once ready to analyze, thaw samples and dilute 1/5).

4. \Wash buffer

Dilute the concentrated Wash buffer 30-fold (1/30) with distilled water (i.e add 20 ml of

concentrated wash buffer into 580ml of distilled water).

B. Assay procedure

Equilibrate the kit components and samples to room temperature prior to use.

1. Set positive/negative controls, test sample and control(zero/blank) wells on the pre-
coated plate and record their positions.

2. Aliquot 50ul of the negative and positive controls into the set wells. Leave one well
as the control (zero) blank well.

3. Aliquot 50ul of appropriately diluted samples into the test sample wells. Samples
should be diluted 1/5. Add the solution at the bottom without touching the sidewalls
of the well. Shake the plate gently to mix the contents.

4. Seal the plate with a cover and incubate at 37°C for 30 minutes
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10.

11.

Remove the cover and discard the solution. Wash the plate 5 times with 1X wash
buffer. Fill each well completely with Wash buffer (300ul) using a multi-channel
Pipette or auto washer (1-2 minute soaking period is recommended). Complete
removal of liquid at each step is essential for good performance. After the final wash,
remove any remaining Wash Buffer by aspirating or decanting. Invert the plate and
blot it against clean absorbent paper towels.

Add 50pl of HRP conjugate reagent into each well (except the blank well). Add the
solution at the bottom of each well without touching the sidewall.

Seal the plate with a cover and incubate at 37°C for 30 minutes.

Remove the cover and repeat the aspiration/wash process 5 times as explained in step
o.

Aliquot 50ul of TMB substrate A into each well, and then add 50ul of TMB Substrate
B. Vortex the plate gently on an ELISA shaker for 30 seconds (Or shake gently by
hand for 30 seconds). Cover the plate and incubate at 37°C for 15 minutes. Avoid
exposure to light.

Add 50ul of Stop solution into each well to stop the enzyme. It is important that the
Stop solution be mixed quickly and uniformly throughout the microplate to inactivate
the enzyme completely.

Ensure that there are no fingerprints or water on the bottom of the plate, and that the
fluid in the wells is free of bubbles. Measure the absorbance at 450 nm immediately.
Analysis

7. Calculations:

Mean absorbance of the positive control should be >1.00
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10.

Mean absorbance of the negative control should be <0.10
CUT OFF value=Negative control + 0.15
8. Interpretation of results:
If the positive control value is > 1.00 and the negative control value is < 0.10, the
test is valid, otherwise, the test is invalid.
If O.D. of samples < CUT OFF, the test samples are considered negative.

If O.D. of samples > CUT OFF, the test samples are considered positive.

Precautions

Before using the kit, centrifuge the tubes to bring down the contents trapped in the lid
Avoid foaming or bubbles when mixing or reconstituting components.

If crystals have formed in the concentrated Wash Buffer, warm to room temperature
and mix gently until the crystals have completely dissolved.

It is recommended measuring each controls and samples in duplicate.

Do not let the wells uncovered for extended periods between incubation. Once
reagents are added to the wells do not let the strips dry as this can inactivate the
biological material on the plate. Incubation time and temperature must be controlled.
Ensure plates are properly sealed or covered during incubation steps.

Complete removal of all solutions and buffers during wash steps is necessary for
accurate measurement readings

Do not reuse pipette tips and tubes to avoid cross contamination.

Do not use expired components from different kit.

The TMB Substrate B is easily contaminated: protect from light and work under

sterile conditions when handling the TMB substrate solution. Equilibrate at room
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temperature prior to use. Unreacted substrate should be colorless or very yellow in
appearance. Aspirate the dosage needed with sterilized tips and do not dump the

residual solution back into the vial.

Appendix 10. BLOCKING OF BINDING (BOB) ASSAY

ELISA-based assay to detect specific Zika antibodies (Abs) in sera or plasma of Zika virus
(ZIKV)-immune individuals and to differentiate from prior exposure to DENV. The assay is
based on the principal that the presence of antibodies in the serum of individuals that react
with the non-structural-1 (NS1) protein of ZIKV inhibit the assay signal, which is based on
recognition of ZIKV NS1 by the monoclonal antibody (ZKA35). Of note, ZKA35
specifically binds ZIKV NS1 but not dengue virus (DENV) NS1.

REAGENTS

ZKA35-HRP labeled (Absolute antibody #Ab01036-10.0-BOB)

Cold (non-conjugated) antibody: ZKA35-rlgG1 (unlabeled; Absolute antibody #Ab01036-10.0-CTL)
Antigen (ZIKV NS1 e.g. Meridian #R01636 or Native Antigen Company # ZIKV-NS1-100)
Phosphate Buffered Saline (PBS)

ubstrate: SureBlue Reserve TMB 1-Component Micro well Peroxi (e.g. Bioconcept #5120-0083)

Stop solution: 1% HCI

Nunc-Immuno plates - 96-well plate, MaxiSorp (e.g. Sigma #M9410-1CS) (=Nunc 439454)
(Alternative plate e.g. Product #9018: Corning 96 Well Clear Flat Bottom Polystyrene High Bind
Microplate, 25 per Bag, without Lid, Nonsterile)

Note: Do not use 384 well plate for this assay, as the background would be too high.

Blocking buffer/Diluent 1% BSA (e.g. Sigma, # A9430) in PBS

Bicarbonate buffer 1.59g Na2CO3 (e.g. Sigma-Aldrich #71345)
2.93g NaHCO3 (e.g. Sigma, #71627)

0.2g NaN3 (e.g. Sigma, #71290)

1 L milliQ-H20

pH 9.6

Washing buffer: 0.5% PBS
0.05% Tween 20
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(1) DETERMINATION OF ZKA35-HRP WORKING DILUTION (EC70)

To determine EC70 of ZKA35-HRP concentration to be used in the competition assay for binding to
coated ZIKV NS1 in your experimental condition:

Coat plates with antigen (1 pg/ml ZIKV NS1) in PBS, 50 pl/well
Incubate over night at 4°C, plate must be sealed

Wash plates 2x with Washing buffer (250 pl/well)

Add blocking bufter, 200 pl/well

Incubate 1 h at room temperature

Wash plates 2x with Washing buffer (250 pl/well)

Add 50 pl sample/well of: (1) sera/plasma to test (1:10 diluted in diluent), duplicates recommended

2) 3 wells negative control: control plasma/sera diluted 1:10 in
assay diluent or diluent only
3) 3 wells positive control: 5 pg/ml ZKA35 mAb in control
plasma/sera that was diluted 1:10 in assay diluent)
Row 1 and 2: diluent
Row 3 and 4: Negative control serum diluted 1:10 in diluent
Incubate 1 h at room temperature
Do not wash
Add ZKA35-HRP: starting dilution 1:10, 1:3 serial dilution of 12 points in diluent, using 50 pl ZKA35-
HRP/well (***)
Incubate 15 min at room temperature
Wash plates 4x with Washing buffer (250 pl/well)
Dispense substrate solution SureBlue Reserve TMB, 40 pl/well
Incubate at room temperature (time depending on signal: until reaching a visible bright blue color, e.g. 10-
15 min. After adding the stop solution (below), a final OD value of 2-3 should be reached in the upper
plateau of the dilution series.)
Dispense stop solution 1% HCI, 40 pl/well
Read absorbance at 450 nm
Determine the concentration of ZKA35-HRP to be used in the BOB assay corresponding to 70% of the
maximal OD level by interpolating a curve fitted with a 4-parameter nonlinear regression. Consider the
ZKA35-HRP input dilution (***), see example data, below.

Example of plate layout
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A

sample 1 | sample 2 | sample 3 | sample 4 | sample 5 | sample 6 | sample 7 | sample & | sample 9 n;?;trl;:a B
negative

sample 1 | sample 2 | sample 3 | sample 4 | sample 5 | sample 6 | sample 7 | sample 8 | sample 9 control C
negative

sample 10|sample 11|sample 12 |sample 13|sample 14|sample 15|sample 16|sample 17 |sample 18 control D
positive

sample 10|sample 11|sample 12 |sample 13|sample 14|sample 15|sample 16|sample 17 |sample 18 control E
positive

sample 19|sample 20|sample 21 |sample 22|sample 23 |sample 24 |sample 25|sample 26 |sample 27 control F
positive

sample 19|sample 20|sample 21|sample 22 |sample 23 |sample 24 |sample 25|sample 26 |sample 27 control G

H

1 2 3 4 5 5} T 8 9 10 " 12

e Incubate 1 h at room temperature
e DO NOT WASH
Add ZKA35-HRP at the concentration of the amount corresponding to 70% of the maximal OD level
(EC70 established above (***)), 50 ul/well (in ALL wells, including negative and positive controls)
Incubate each plate 15 min at room temperature

Wash plates 4x with Washing buffer (250 pl/well)

Add substrate solution SureBlue Reserve TMB, 40 pl/well

Incubate at room temperature

Dispense stop solution 1% HCI, 40 pl/well

Read absorbance at 450 nm

Appendix 11. Ambharic version of focal group discussion consent form

00°0A KT Nhé-® hAAR ¥t N A7 Asl @28 FTYS OHT AT P99+AANS:
NADG ORINAT AL &1 N91.LLCAT AL P94 (ShN4tOl @-LL4):

(A (RN
PPN OF°. e
L A O (b L PN

AOAL PP
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Con :- NAFT Al @A (VTS MHT AT 099HAAGE NADS (AT AL 8T 19LLLCA-TF
NAFP T ACTTE PTG AT hh9°S HEP NAD. Ad-PT i Aaeannt AS FaI0¢- 27149 TS

ePGE RAT - (A7 ALl @5 (VFTY AS OHP AT 099HAASE NADG (ATAAT AL 8T
N9.CN- NOFPTT ACHTE RPTE AT AQPT I hovahrt AG T0¢- QAAQ. avl8 ap9P19°7
LavAnFA::

PTGt 9497 HY 1AL PFmPA®- eFmPO ALPT ACAP PTGk A4 W18 TaPCmPA:: a0 B M7
PPTANAND- hCAL AG Nt AN OFavsae APT IC (19¢- 991847 @28+ APT AHLY @22+ AL
A%F Adh A7 A% T PTLOAL RIPGA:: PaP@LL 1TVE P04 Niet 1)NANANLEE 2)0A +7F 0L
qgsn Na3aF 7k AT AmPAL Ao T: (T3 ovhAhd AT hh9Pq 3) A aelh NTFOT LATFD-T
AmPAL hAavanhti 4) (A Gee0 N30T AmPAg aphAhA AT forhAhd AmPAL TINEOTF Ak 4)
A0 AHTTE T (teralt RIPSA:: (LY TST AL AAANT PTl.AmeF AEET TLATERIT
eIl MNP (LPT (19°79° avAe (1910 ALOMIC:: p-9° ao/B DT (LT PhOLAT VAN F 990730 4%
A1 £789° A0+ O TGk Omt AL ALOPHINI:: U-ATU-I° e9HAM<t AQtEeT MIRTE AS
PPFOEFT (LUPT 27UAMT AT ATSHTY MmNt 04T RILPT AnNCT ATIARNY: OHY
ADM9, (IHH, TST AL AGPAFEI® (P1 ANPATE av<qe av(1 e+mOd 10 TGk APAte 29T
NP 9P PAD: OFE AL (19%4.L9° £LIUMAT::

.27 O

nAL PFAM®<T avl® ATNLLAU- [TINATA:: PTG AA9T 9°F 9°F WILUPT AD-RPAU-"(1aP P9
0TS+t OO +AaFd 0oy 2990007 ToC A8AA ALI1BAD-:: NAHUI® (TSE ATPAt&
4.PLG av P17 N4.C99% AL IMNAY- ::

age &CM +7

AARLTAT TT75 @ FONC ATIPAIGTAT ==
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Appendix 12. Blood sample consent form/English version

Addis Ababa University School of Graduate
BLOOD SAMPLE CONSENT

DESCRIPTION: My name is Getahun Asebe, Graduate student at Addis Ababa University.
Dear participant you are kindly invited to participate in a research study entitled “A sero-
epidemiological study of Arboviruses in Gambella Regional State, South Western Ethiopia”.
The purpose of this study is to investigate the serological epidemiology of arboviruses, as we
believe that some risk factors are available and predispose humans for virus infections. Here
we want to look the virus presence and distribution across this woreda in some selected
kebeles/villages.

Dear participant, you will be asked to provide a sample of blood (3 ml). The blood will be

taken with a needle from your arm for your standard clinic visit.

After we complete our tests, we would like to save any leftover blood for future related
research on arthropod borne. We will keep your blood sample under deep freeze and will be
stored with a number assigned to it instead of your name. The number will be linked to your

name, which means you can withdraw from this study at any time.

The results of the study of your samples will be used for research purposes only and you will

not be told the results of the tests.
I consent to my samples being saved for future research [ ]
I do not consent to my samples being saved for future research [ ]

RISKS AND BENEFITS: The risks associated with this study are slight discomfort or
bruising from the blood draw and the possible loss of confidentiality if your data or
information is inadvertently disclosed outside of this study. You will not benefit from the
study, as this is not a treatment study. We cannot and do not guarantee or promise that you
will receive any benefits from this study, because the intention of the study is not for
commercial use.

TIME INVOLVEMENT: Your participation in this experiment will take approximately 15
minutes for the blood draw (which will be done as part of your annual visit).

PAYMENTS: You will not be paid to participate in this study.
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PARTICIPANT IS RIGHTS: If you have read this form and have decided to participate
in this project, please understand your participation is voluntary and you have the right to
withdraw your consent or discontinue participation at any time without penalty or loss of
benefits to which you are otherwise entitled.

The results of this research study may be presented at scientific or professional meetings or
published in scientific journals. However, your identity will not be disclosed.

If applicable: You have the right to refuse to answer particular questions.

If you continue to participate in this study, please put you name and signature

Name Signature Date

Appendix 13. Consent and information sheet for blood collection from cattle

APGE TAFLPT PULAT ava)pen),
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*13U7 A0N (2’PhD’ +r6: Paga: 251-911-571579¢ A-TBRA:

getahunasebe@gmaill.com
2/c a0k 10 (P75 PG AOHN0SE PaLA: 0911345908)
*2/C MO 719° (MAIOAT Mh9Pq DAR: PG A9ThsE °0eA:0911678195)
**2./C DALALIL hCH (P02A: 0911453297)
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Introduction: Rift Valley fever (RVF) and West Nile fever (WNF) are re-emerging
mosquito-borne zoonotic diseases that cause public health and economic crises. Ethiopia
shares borders with South Sudan and Kenya, where these diseases are often documented. The
free movement of animals and humans across these borders expects to increase the spread of
these diseases. The current study was conducted to assess the occurrence of these diseases in
the Gambella region of Ethiopia.

Methodology: We collected a total of 368 cattle serum samples from the Lare district on the
border of South Sudan and measured the presence of IgG antibody against RVF and WNF
virus infections using enzyme-linked immunosorbent assays (ELISA).

Results: The prevalence of anti-RVF virus IgG antibody was 7.6% (95% CI: 5.3-10.82%),
while that of anti-WNF virus IgG antibody was 5.4% (95% CI: 3.52-8.29%). In this study
higher seroprevalence of IgG antibodies to RVF virus infection was observed comparing to
the WNF virus in cattle. There was no significant association between the prevalence and the
cattle age, sex or sampled locations.

Conclusion: The detection of IgG antibody to RVF and WNF virus infections in the
Gambella region warrants further study of active case findings and the dynamics of
transmission.

Keywords: serology RVF; WNF; cattle; Gambella, Ethiopia

Background

Arboviruses are among the 72% of emerging infectious viruses that originate from
wildlife."! They transmit to different vertebrate hosts by arthropod species such as
mosquitoes, ticks, sand flies and midges.? Climatic changes influence the transmis-
sion of the viruses associated with the life cycle of the transmitting vectors.’

Rift Valley fever virus (RVFV) and West Nile virus (WNV) are among the re-
emerging viruses transmitted through the bite of infected Adedes and Culex
mosquitoes respectively.*> RVFV belongs to the family Bunyavirida, genus
Phlebovirus.® RVFV was first identified in 1931 near the Great Rift Valley of
Kenya.® Since then, this virus has caused many documented outbreaks in humans
and livestock in many sub-Saharan African countries, in the Arabian Peninsula, and
some Indian Ocean Islands.”® RVFV infects a range of vertebrate hosts including
humans, livestock, and wildlife, with ruminants being among the most affected
hosts.” Infection with RVFV can result in severe disease that can lead to high

morbidity and mortality in animals including abortions and stillbirths.'®"!
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In humans, the virus causes neonatal mortalities and
moderate influenza-like illness. Similarly, severe compli-
cations and small proportion of deaths may occur among
some groups of infected people.'' '

Unusually, heavy and sustained rainfall leads to out-
breaks of the disease by favoring breeding of the mosquito
vectors." Study reports documented presence of RVFV in
some East African countries: South Sudan,'® Kenya'®!”
Somalia, Tanzania and Sudan.'® where some of them are
neighbors of Ethiopia.

WNV is a single-stranded RNA virus that belongs to
the family of Flaviviridae, genus Flavivirus,"” and was
first isolated from a febrile patient in the West Nile district
of Northern Uganda in 1937. The virus causes disease
mainly in birds, equines and humans.?**' Birds are impor-
tant vertebrate amplifying hosts and their migratory pat-
tern have greatly influenced the re-emergence and global
spread of WNV. The virus infects the mosquitoes when
they suck blood-meal from infected birds. Thereafter, the
mosquitoes spread the virus on the next susceptible host
they bite.”
horses, may develop clinical illness but usually are inci-

Humans and other mammals, especially

dental or dead-end hosts because they do not produce
significant viremia, and thus do not contribute to the
transmission cycle.”

WNV also infects domestic animals such as cows.**
WNV infections typically cause a mild febrile illness in
humans. The main risk factors for WNV transmission
includes environmental and anthropological factors that
increase mosquitoes’ population during heavy rain and
flooding, irrigation, global warming and formation of
ecologic niches that favor mass breeding of
mosquitoes.>

WNV has been documented in 83 countries around
the world, including several countries in Africa (e.g.
Uganda, Kenya, Democratic Republic of Congo and
Sudan®®?7), the Middle East, Asia, and Australia.”®>°
In Ethiopia very few studies have been conducted regard-

ing arboviruses infections in humans,®'

in spite of
ample evidence regarding the importance of animals
and human movement between neighboring countries in
the spread of arboviruses.

The transmission dynamics between the hosts and reser-
voir, behavior of intermediate insect vectors population,
animals and humans’ movement and urbanizations are
among the key factors that alter the epidemiology of many
emerging and re-merging viral diseases. Similarly, the chal-

lenge of many arboviruses in the absence of adequate

diagnostic facility and capacity in livestock is supposed to
be significantly increased, especially in remote areas.
Hence, due to many known and unknown factors, the
arboviruses remain under-recognized and underreported in
many developing worlds such as Africa including Ethiopia.
Some of the factors so far mentioned as low awareness by
health-care providers, the presence of other prevalent febrile
illnesses, lack of diagnostic testing and regular systematic
surveillance, and many other factors. The main hypothesis
of selecting the present study area were: a) because of its
proximity to South Sudan in which these viruses are already
confirmed; b) the hot and humid climate favoring arboviral
transmission, and conducive for vector breeding and c) the
lack of RVF vaccine administration: Importantly, to date,
the RVFV vaccine has not been previously administered to
cattle in Ethiopia. Henceforth, the aim of this study was to
determine the seoprevalence of RVF and WNF to assess
possible RVFV and WNYV circulation in Gambella Region,
Southwest Ethiopia.

Materials and Methods
Study Area and Study Design

We conducted a cross-sectional study in the Gambella
Region of FEthiopia between December 2018 and
January 2019. Gambella is one of the nine regions of
Ethiopia. The geographical location lies between lati-
tudes 6° 22’ and 8° 30’ N, and longitudes 33° 10’ and
35° 50" E. The elevation of Gambella region ranges
from ~1000 to ~2000 m above sea level (masl) in the
east, from ~500-900 masl in the center, and ~300-500
masl in the west.”> Recent human population of the
region is estimated to be 478,000.>¢ The livestock cen-
sus conducted in the region in the year 2018 indicated
285,102 cattle, 35,285 107,083 goats,
301,531 poultry.’’

In the present study area, the Abigar cattle breed are the

sheep, and

most dominant both in the Nuer and Anywaa zones of
the region.® Among the indigenous genotypes known in
the country, these cattle are known as “Sanga” located nor-
mally in the border area between Ethiopia and Sudan with
larger extension in Ethiopia covering the Akobo area of
Gambella.** Geographically this breed is located around the
White Nile of Sudan and Ethiopia. The breed is mainly
distributed in the neighboring lowlands of Southwest of
Ethiopia. This breed is mainly reared and kept by the Nuer
ethnic groups.***! This breed of cattle is characterized by the
unique features that are used in identifying the breed from
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other indigenous breeds. The breed has large body size, long-
curved horns, gray and white dominant coat colors as well as
ease of management by all gender groups due to its recog-
nized docile character. In addition, the breed has better pro-
duction and reproduction capabilities despite the high heat
load, recurrent drought and repeated disease prevalence in the
region.*® The African cattle breeds in general are known as
more resistant to diseases including RVFV compare to
European breeds.*?

Lare is one of the 13 districts of the Gambella
Region belonging to the Nuer Zone that borders South
Sudan (Figure 1). The district was selected based on (a)

its high cattle population, and (b) its adjacent to South
Sudan where different arboviruses cases are previously
reported including RVFV.*> The district hosts pastoral-
ists migrating from South and North Sudan (commonly
called “Fallata” or “Fulani”’) in search of pasture and
water for their livestock.** The indigenous pastoralists
also travel far from their villages to the adjacent terri-
tories of South Sudan in search of pasture. Pastoralists
have a tradition of presenting and accepting cattle to or
from the South Sudan community during marriage cer-
emonies which have the potential to introduce diseases
in the study area.

N
Gambella region .
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Figure | Map of study area (top left Ethiopia; Top right Gambella Region; bottom right Nuer zone and, Lare woreda with green color) “Woreda” is the local name

representing the district.
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Sample Size Estimation and Data

Collection
The sample size was determined using the following for-
mula: N = w, where Z = 1.96 corresponding value to
the desired 95% confidence level, p is an estimate of the
expected prevalence of infection, and d is the margin of
error in the estimate.*’ In designing this study we took the
estimate of p from Southwestern Uganda with a RVFV
prevalence of 27%.'> We added 20% to account for non-
response of cattle owners about cattle during sampling,
questioning and dropping of aggressive animals. These
assumptions resulted in a minimum sample size of 368
cattle. Four pastoral sub districts or “kebeles” (the lowest
government administrative structure in Ethiopia) were
selected for the study. These kebeles were Pal Bol,
Bilimkun, Kechi and Tandor. Each selection was based
on the cattle population, proximity to South Sudan and
their frequent contact with the pastoralists from North and
South Sudan. Inclusion criteria for recruitment of study
were cattle of both sexes and a minimum age of one year.
Based upon the age of puberty in local cattle breeds in
the area, the study animals were classified into two groups:
1-3.5 years of age and 3.5+ years.*® After obtaining the
owners’ consent, 5 mL blood sample was collected from
selected cattle in the herd via the jugular venipuncture
using a sterile vacutainer tube. Information such as age,
sex, parity, herd size, history of mass abortion, history of
mass death of young animals and some selected clinical
signs regarding each animal (identified by a temporary
paper-based identification code) was recorded separately
using a checklist prepared as a mini questionnaire at the
time of blood collection. Serum was separated and stored
at —20°C until screening for IgG antibody to RVFV and
WNV infections by ELISA.

Laboratory Analysis

The indirect ELISA-based type detection of IgG antibody
against RVFV and WNYV infections was conducted as per
the manufacturer’s protocol ready for each individual
(Abbexa Ltd, Cambridge UK).*® The diagnostic sensitivity
and specificity have not been determined for these specific
kits where they are only ready for research purposes. All
the tests were conducted in duplicates. The results were
read at an optical density (OD) of 450 nm using a 96-well
ELISA plate (Multiskan™  FC
Photometer), and interpreted as positive or negative

reader Microplate

based on the manufacturer’s recommended cut-off values.

Test validity was verified according to the manufacturer’s
manual when the mean OD of the positive control was >1
and when the mean OD of the negative control was <0.15.
The cut-off value for each plate was calculated indepen-
dently calculated where the cut-off value = negative con-
trol +0.15. Hence, any sample value greater than or equal
to this value labelled as positive and any value less than
the cut-off value scored as negative.

Statistical Analysis
All collected data cleared and entered into EpiData
Software v.3.1 and analyzed using STATA Version 13.0.
In the study herds, age, sex, and parity were used as
explanatory parameters, while the history of mass abortion
and the history of mass death of young animals together
with other signs such as excess salivation, and loss of
appetite and diarrhea were used to investigate clinical
signs mainly about the RVF. In this study, the outcome
variables were ELISA IgG antibody positive and negative.
The seroprevalence/apparent prevalence of IgG anti-
body elicited towards both RVFV and WNV were esti-
mated by dividing the number of cattle with positive test
results by the total number of tested cattle. Here the cattle
included in the study were apparently healthy and sample
was not taken from diseased animals where true preva-
lence could be determined. Univariable logistic regression
was used to assess the crude association between the
seropositivity of IgG antibody and the hypothesized indi-
vidual potential risk factors such as age, sex, parity, and
site, calculated with descriptive and analytical analysis
using chi-square (%) test. Multivariable logistic regression
analysis was used to assess the effect of each of the
independent variables on the outcome variable (seroposi-
tivity) after adjusting each independent variable for all
other variables. A p-value below 0.05 was considered
indicative of a statistically significant association.

Ethical Approval and Consent to
Participate

The livestock owners were informed and aware about the
purpose of the study, and that verbal informed consent was
approved by the Institutional Review Board of the College
of Veterinary Medicine and Agriculture, Addis Ababa
University with the certificate reference no: VM/ERC/07/
05/10/2018. Besides, permission to visit the study sites and
to collect the blood sample from cattle was obtained from
the Gambella Regional Livestock and Fishery Office,
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district administration Office and community leaders of
each study site. Blood sample collection was carried out
under aseptic conditions by experienced veterinary labora-
tory technicians.

Results
Characteristics of the Study Cattle and
Owners’ Responses on Selected Clinical
Signs
A total of 275 (74.7%) female and 93 (25.3%) male cattle
were included in the current study. The majority were in
the age groups of 1-3.5 years, the minimum and maximum
age of the sampled cattle population was 1 and 20 years,
respectively, and the average age was 3.9 years with
a standard deviation of 3.23. Among 121 cows the overall
mean of the birth rate was 3.0 calves per cow (standard
deviation = 2.2). The number of births per cow ranged
from 1 to 14 calves.

The animals came from 53 herds with a minimum and
a maximum herd size of 7 and 67 animals, respectively,
and a mean herd size of 23.2. Just over half (50.9%) of the
herd owners described mass abortion in the area and 43%
mentioned the deaths of young animals within their herd
within the past three to five years. Among the herd owners,
43.4% mentioned the historical presence of mass death in
their animals (Table 1).

Seroprevalence of RVFV Infection

Out of 368 analyzed serum samples, 28 (7.6%) (95% CI:
5.29-10.81%) were positive for IgG antibody to RVFV
infection, which was significantly associated with a history
of abortion (14.8%; p=0.041) compared to those cows had
no history of abortion. However, there was no significant
association between IgG positivity to the virus and the
study kebeles (villages) (Table 2).

Seroprevalence of WNYV Infection

Table 3 presents the seroprevalence of WNV infection
stratified by different background characteristics. The ser-
oprevalence of WNV-specific IgG antibody was detected
in serum samples collected from 20 cattle (5.4%) (95% CI:
3.52-8.28%). No significant associations were observed
between the findings of WNV antibody IgG and past
recorded clinical signs (Table 3). However, significantly
higher proportions of anti-WNV IgG antibody were
observed in serum samples collected from cattle with

Table | Characteristics of the Study Cattle and Owners’
Responses About Selected Clinical Signs

Characteristics Response | Number | Percent
Category
Sex Male 93 25.3
Female 275 747
Age group (N=368) 1-3.5 years | 222 60.3
+3.5 years 146 39.7
Parity (N=275) Yes 121 44.0
No 154 56.0
Study kebele/site (N=368) Pal Bol 41 1.1
Kech 152 41.3
Bilimkun 89 242
Tandor 86 234
History of abortion (N=53 Yes 27 50.9
herds) No 26 49.1
History of mass death in your | Yes 23 434
animals (N=53 herds) No 30 56.6
Previous signs and symptoms | Yes 52 14.1
of excess salivation in No 316 85.9
sampled animals (N=368)
Previous history of loss of Yes 96 26.1
appetite, diarrhea and excess | No 272 739
nausea in sampled animals
(N=368 sampled animals)

a history of abortion as compared to those without
a history of abortion (11.1% Vs 3.8%, p= 0.04)

Independent Predictors of Seropositivity
for RVFV Infection

In a multivariate logistic regression analysis where sex,
age, parity, sub districts, and selected clinical signs
considered were taken as independent predictors, no
significant association between the RVFV specific IgG
antibody and these predictor variables were observed
(Table 4).

Independent Predictors of Seropositivity
for WNV Infection

Similar to the finding observed in modeling the odds of
getting RVFV positive IgG, all the variables included in
the multivariate logistic regression that investigated factors
associated with the odds of getting WNV positive IgG did
not result in statistically significant association with any
one of the investigated risk factors (Table 5).
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Table 2 Seropositivity for RVFV Infection in Cattle

Characteristics Response | Total Sero Status of IgG for | P-value

Group Tested | RVFV
Positive Negative
No. (%) No. (%)

Sex Male 93 9 (9.7) 84(90.3) 0.384
Female 275 19 (6.9) 256 (92.1)

Age group (N=368) 1-3.5 years | 222 16(7.2) 206(92.8) 0.720
3.5+ years 146 12(8.2) 134 (91.8)

Parity (N=275) Yes 121 10 (8.3) 111(91.7) 0.432
No 154 9(5.8) 145(94.2)

Kebele Pal Bol 41 3(7.3) 38(92.7) 0.085
Kech 152 8(5.3) 144(94.7)
Bilimkun 89 5(5.6) 84(94.4)
Tandor 86 12 (13.9) 74(86.1)

History of abortion (N=53 herds) Yes 27 4(14.8) 23(85.2) 0.041
No 26 0 (0.0 26(100.0)

History of mass death in your animals (N=53 herds) Yes 23 3(13.1) 20(86.9) 0.185
No 30 1(3.3) 29(96.7)

Previous signs and symptoms of excess salivation in sampled animals (N=368) | Yes 52 6 (11.5) 46(88.5) 0.249
No 316 22(7.0) 294(93.0)

Previous history of loss of appetite, weakness, diarrhea and excess nausea in Yes 96 6 (6.3) 90(93.7) 0.560

sampled animals (N=368 sampled animals) No 272 22 (8.1) 250(91.9)

All 368 28(7.6) 340(92.39)

Discussion hand, the seroprevalence observed in our study is lower

A limited number of studies on arboviruses in human®!>*

and livestock®” have been carried out in Ethiopia. This
seroprevalence study focused on RVFV and WNYV infections
in cattle in the Gambella region of southwestern Ethiopia.
This region and the study districts were selected due to their
proximity to South Sudan, which serves as the entry point
for many refugees to Ethiopia as well as the main route for
livestock movement between the adjacent territories.

The present study revealed 28 (7.6%) (95% CI: 5.29—
10.81%) animals were seropositive for RVFV infection,
while 20 (5.4%) (95% CI: 3.52-8.28%) were seropositive
for WNV infection. Antibody to both viruses was found in
cattle from all the four sub-district “kebeles”. Comparing
the anti-IgG of WNV and RVFV in this study, it has been
found high prevalence of RVFV than WNV.

The seroprevalence of RVFV infection in cattle pre-
viously reported in another African country is 6.2% in the
eastern region of the Democratic Republic of the Congo*®
which is similar to the result of current study. On the other

than a report from the eastern parts of Ethiopia, Somalia
region which is 17.9%"” and from other African countries
like Cameroon (9.4%),* Rwanda (16.8%);'° Madagascar
(25.8%)°° and Mozambique (36.6%).>"'

There are no reports on the clinical importance of WNV
infection in cattle. Cases of WNF in cattle are rarely docu-
mented and serologic findings of WNV-specific IgG anti-
bodies have been reported in other countries like Nigeria. In
the Nigeria study, WNV IgG-antibody was documented in
different animal sera including camels, goats, cattle and
sheep.’? WNV IgG-antibody was also reported in cattle in

5

Senegal,53 in Trinidad,>* in Turkey,” and in Palestine.>®

A number of other studies in African countries have also
reported anti- RVFV IgG and anti-WNV among apparently

healthy animals,”’ including Kenya,”* Tanzania, *

Mozambique and Senegal.**>!-¢!
In Ethiopia in general and in Gambella in particular,
there have been no reports of outbreaks or specific studies

on RVFV and WNV in animals. Likely, this is due to the
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Table 3 Seropositivity for WNV Infection in Cattle

Characteristics Response Total Sero IgG Status of P-value

Category Tested | WNV
Negative Positive
No. (%) No. (%)

Sex Male 93 88(94.6) 5(54) 0.384
Female 275 260(94.5) 15(5.5)

Age group (N=368) 1-3.5 years 222 208(93.7) 14(6.3) 0.720
3.5+ years 146 121(95.6) 5(9.4)

Parity (N=275) Yes 121 116(95.9) 5(4.1) 0.432
No 154 144(93.5) 10(6.5)

Kebele Pal Bol 41 38(92.7) 3(7.3) 0.085
Kech 152 143(94.1) 9(5.9)
Bilimkun 89 82(92.1) 7(7.9)
Tandor 86 85(98.8) 1(1.2)

History of abortion (N=53 herds) Yes 27 24(88.9) 3(110) 0.041
No 26 25(96.2) 1 (3.8)

History of mass death in your animals (N=53 herds) Yes 23 21(91.3) 2 (8.7) 0.185
No 30 29(9.3.7) 2(6.7)

Previous signs and symptoms of excess salivation in sampled animals (N=368) | Yes 52 50(%6.1) 2(3.9) 0.249
No 316 298(94.3) 18(5.7)

Previous history of loss of appetite, weakness, diarrhea and excess nausea in | Yes 96 91(94.8) 5(5.2) 0.560

sampled animals (N=368 sampled animals) No 272 257(94.5) 15(5.5)

All 368 348(94.6) 20(5.4)

lack of virus screening measurements for the surveillance.
Asymptomatic or unnoticed or mild form of the diseases
may contribute to under-reporting of cases. However, few
reports have documented RVFV and WNV infections in
apparently healthy cattle.**-%2

Many East African countries depend on pastoral agri-
culture for milk and meat production. Therefore, livestock
diseases, including RVF may impact international live-
stock marketing and may harm the economics of
a country like Ethiopia which depends on mainly on the
livestock besides the direct impact on the human health.®?

The current study showed the presence of RVFV and
WNV-specific IgG antibodies and did not measure the
level of anti-IgM antibodies, which would be an indicator
of acute infection. Thus, this study cannot confirm recent
infection, and the results may show only the exposure rate
in the area or antibody cross-reactivity due to other arbo-
virus infections. The high IgG seropositivity to RVFV and
WNV infections among the age group of 3.5+ years may
show that these viruses have been occurred in the study

area. However, WNV seroprevalence seems to have
increased with time compared to RVFV because seroposi-
tivity in the age groups of 1-3.5 years was higher in the
former than in the same age groups in the latter, where
relatively higher seropositivity was observed among the
age groups of 3.5+ years.

The seropositivity and sex of the cattle showed no
significant association indicating that both males and
females are affected by RVFV and WNV. However, male
cattle were more likely affected by WNV infection than
females, while the opposite was true for RVFV infection.
Further studies are necessary to look at the reason for this
result.

Other factors such as age and sampling sites did not
significantly affect the occurrences of both viruses. In
contrast to the present study, other studies have found
a significant association between seropositivity of these
viruses and two factors (age and sex).'***¢*> For exam-
ple, a study conducted in Madagascar reported higher
prevalence of RVFV in male cattle compared to female
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Table 4 Univariate and Multivariate Analysis of Risk Factors for RVFV Seropositivity

Characteristics Response Seropositive Status of RVFV IgG
Category R R
Crude Odds Ratio | Adjusted Odds
(COR) (95% CI) Ratio (AOR) (95%
Cl)
Sex Male 0.69(0.30-1.60) 0.79(0.22-1.54)
Female | |
Age group (N=368) 1-3.5 years | |
3.5+years 1.15(0.53-2.51) 1.47(0.32-6.82)
Parity (N=275) Yes 0.87(0.27-1.75) 0.97(0.19-4.91)
No | |
Kebele Pal Bol | |
Kech 1.42(0.36-5.62) 1.48(0.36-6.05)
Bilimkun 1.33(0.30-5.84) 1.40(0.30-6.42)
Tandor 0.49(0.14-1.83) 0.52(0.13-2.09)
Previous signs and symptoms of excess salivation in sampled animals (N=368) | Yes 0.57(0.22-1.49) 0.45(0.14-1.40)
No | |
Previous history of loss of appetite, weakness, diarrhea and excess nausea in | Yes 1.32(0.52-3.36) 1.68(0.54-5.18)
sampled animals (N=368 sampled animals) No | |

Abbreviations: COR, crude odds ratio; AOR, adjusted odds ratio; Cl, confidence interval.

Table 5 Univariate and Multivariate Analyses of Risk Factors for WNV Seropositivity

Characteristics Response Seropositive Status of WNV
Group 1gG
COR (95% CI) | AOR(95% Cl)
Sex Male 1.02(0.36-2.87) 1.21(0.39-3.73)
Female | |
Age group (N=368) 1-3.5 years | |
3.5+years 0.64(0.24-1.70) | 0.61(0.10-3.84)
Parity (N=275) Yes 1.5(0.532-4.23) 1.07(0.15-7.61)
No | |
Kebele Pal Bol | |
Kech 1.25(0.32-4.86) | 0.13(0.01-1.38)
Bilimkun 0.93(0.23-3.77) | 0.18(0.02—1.44)
Tandor 6.71(0.68-66.62) | 0.14(0.02-1.14)
Previous signs and symptoms of excess salivation in sampled animals (N=368) Yes 1.51(0.34-6.71) 1.57(0.29-8.50)
No | |
Previous history of loss of appetite, weakness, diarrhea and excess nausea in sampled Yes 1.06(0.375-3.01) | 0.86(0.24-3.03)
animals (N=368 sampled animals) No | |

Abbreviations: COR, crude odds ratio; AOR, adjusted odds ratio; Cl, confidence interval.

cattle.’® In regards to the association of age-seropositivity
of IgG antibodies in an endemic country, the occurrence of
IgG antibodies in older animals generally supports the
contention that most animals are exposed to the virus

during their lifetimes. Infection of younger animals per-
mits to pinpoint the time window of the infection and how
recent the infection occurred.’**® Based on the multivari-

ate logistic regression analysis, our study revealed 1.5
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times higher seroprevalence of RVFV infection in the age
group of 3.5+ years and a high seroprevalence of WNV
infection in the age group between 1 and 3.5 years, which
is in line with earlier studies showing a high proportion of
IgG in similar age groups.**%“* Enrolling a larger sample
size might reveal a different association of the IgG result
with age and sex.

Upon blood sample taking, livestock owners were also
interviewed on some selected clinical signs related to
RVFYV infection since the WNF clinical signs in cattle
have not been described. Almost half (50.9%) of the own-
ers reported the occurrence of mass abortion in their herds,
a finding significantly associated with RVFV seropositiv-
ity. Many (56.0%) of the livestock owners did not recall
the history of the mass death of young animals. No-
specific symptoms such as excess salivation were reported
by 14.1% of respondents and loss of appetite, weakness,
and diarrhea by 26.1% of participants together with signs
of mass death of young animals and abortion. However,
there was no significant difference between these variables
and the serological documentation of WNV or RVFV
infection. The statistical insignificance association of
these signs and symptoms with outcomes of anti-RVFV
and anti-WNV IgG, the signs and symptoms might arise
due to other diseases.

In the present study, anti-WNV IgG-antibodies pre-
sence using ELISA was not confirmed by confirmatory to
detect actual viral infection. Direct detection of the WNV
infection from samples from various animal species would
give an improved understanding of the epidemiological
situation in east Africa. Serologically measured anti-
WNV IgG antibodies in cattle in other African countries
also support the possibility that infection causes clinical
disease in these hosts like in birds, horses, crocodiles, and
humans where many clinical signs shown. WNV occur-
rences in other species besides cattle elsewhere indicate
the virus to be prevalent in birds, equine as well as in
human populations.®® The result of this study suggests the
possible circulation of WNV and warrants performing
further studies in Ethiopia with other species.

Limitations of the Study

In this study, the screening of the viruses with ELISA test
was not supported with more sensitive and specific confir-
matory tests like reverse transcription-polymerase chain
reaction (RT-PCR). Another setback of this study is that it
was conducted only on cattle, excluding other species of
livestock in the study that would enable the comparison of

the viruses’ distributions in the available potential hosts.
Finally, this study could not present antibody titers of the
positive samples that might explain the results in advance.
Cattle are the main means of economic importance in the area
among the livestock population where pastoralists mainly
depend on. In line with their importance, this is the first
serologic study in cattle in the area which gives evidence of
WNF and RVF presence, and encourages further studies.
Besides, we believe that our study would provide baseline
data on the epidemiology of WNF and RVF in the area.

Conclusions

The present antibody-based ELISA study revealed the
possible occurrence of RVF and WNF among the cattle
population in the study area. Significantly high IgG anti-
bodies to both viruses was observed among those with
a history of abortion. An increased trend of IgG-antibody
positivity was also observed among animals in the age 3.5
years and above. Henceforth, the results warrant further
studies toward active case detection of antigens of these
viruses in susceptible hosts, including other livestock ani-
mals and humans, their transmission dynamics and their
public health significance to predict and reduce possible
future outbreaks in the area.

Abbreviations

RVFYV, Rift Valley fever virus; RVF, Rift Valley fever; WNF,
West Nile fever; WNV, West Nile virus; RT-PCR, reverse
transcriptase-polymerase chain reaction; ELISA, enzyme-
linked immunosorbent assay; PRNT, plaque reduction neu-
tralization test; IgG, immunoglobulin G; IgM, immunoglo-
bulin M; OD, optical density; RNA, ribonucleic acid.
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Abstract

Yellow fever (YF), Chikungunya (CHIK), and Zika(ZIK) are among re-emerging arboviral
diseases of major public health concern. Despite the proximity of the Gambella Region to
South Sudan where arboviral cases have been recorded repeatedly the current epidemio-
logical situation is unclear in this part of southwest Ethiopia. Therefore, we conducted a
community-based seroprevalence survey of YF virus (YFV), CHIK virus (CHIKV), and ZIK
virus (ZIKV) infections in two selected districts. A cross-sectional study was conducted in
two locations of the Gambella region (Lare and ltang) to investigate the seroprevalence of
these viruses’ infections. Blood samples were collected from the study participants and
screened for IgG antibodies specific to YFV and CHIKYV infections using enzyme-linked
immunosorbent assays (ELISA). For the detection of ZIKV specific IgG antibodies, Block-
ade-of-binding ELISA was used. Data were analyzed using the STATA version 13.1 Soft-
wares. A total of 150 individuals (96 males and 54 females, age ranging from 18 to 65 years,
mean age + SD = 35.92 + 10.99) participated and provided blood samples. Among the 150
samples 135, 90, and 150 were screened for YFV, CHIKV, and ZIKV, respectively. Hence,
2.9% (95% Cl: 1.1-7.7%), 15.6% (95% Cl: 9.3-24.8%), and 27.3% (95% CI: 20.7-35.3%)
of samples tested positive for IgG antibodies to YFV, CHIKV, and ZIKV infections, respec-
tively. Among the individual seropositive for ZIKV, YFV and CHIKV, only six, one and three
had a history of residence outside the Gambella region respectively. Agro-pastoral occupa-
tion was significantly associated with a higher prevalence of IgG against CHIKV (AOR =
14.17; 95%Cl: 2.30, 87.30) and residency in the Lare district (AOR = 11; 95%Cl: 3.31,
39.81) was found to be significantly associated with a higher prevalence of IgG against
ZIKV. Our findings revealed the occurrence of YFV, CHIKV and ZIKV infections in the study
locations.
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Introduction

Emerging and re-emerging mosquito-borne viruses such as Yellow fever virus (YFV), Chikun-
gunya virus(CHIKV), Dengue virus, and Zika virus (ZIKV) have become major public health
concerns in tropical and subtropical countries [1-3]. Climate change, vector adaptations, urban-
ization, migration of people, and expansion of agricultural activities to sylvatic areas are among
the factors contributing to the spread of arboviruses to a wider range of geographical areas [4].

YEV is a re-emerging arbovirus that belongs to the genus Flavivirus [5]. YFV is transmitted
by several mosquitoes species (spp) including Aedes spp., Haemagogus spp., and Sabethes spp
[6]. Africa accounts for ~90% of the global YFV infection cases. YF is an endemic and inter-
mittently epidemic disease affecting a wide range of the continent [7]. Recently, African coun-
tries like Nigeria [7], Uganda [8], Ghana, Chad, Guinea, the Republic of the Congo [8], and
Angola [9] reported YF outbreaks. In Ethiopia, YF outbreaks have repeatedly occurred since
the 1960’s resulting in over 30,000 deaths in the southern part of the country [10]. In 2013, a
YF outbreak re-occurred in the South Omo Zone of southern Ethiopia resulting in many
deaths [3]. Recently, another YF outbreak was reported from the Gurage and Wolayita areas
of southern Ethiopia [11].

CHIKY of the genus Alphavirus is transmitted through the bite of an infected female mos-
quito belonging mainly to Ae. aegypti and Ae. albopictus. CHIK is a zoonotic disease widely
distributed in many tropical and subtropical regions of sub-Saharan Africa [12, 13] including
Sudan [14], Kenya [15], Tanzania [16], and Uganda [17]. In June 2016, Ethiopia confirmed its
first documented case of CHIK from the Suuf kebele, Dollo Ado district of the Somalia
regional state of Ethiopia bordering the Mandera region of Kenya, where a CHIKV outbreak
was ongoing [18, 19]. Additionally, CHIK cases were reported from the Dire Dawa and the
Afar regions, Eastern Ethiopia [20, 21]. Recently, a study by Endale and his co-authors
reported a high seroprevalence (43.6%) of CHIKV infections in the South Omo region of
southwest Ethiopia which adjoins the current study location (Gambella region, Southwest
Ethiopia) [22]. There is no data about CHIKV circulation in the Gambella region.

ZIKV is a Flavivirus first isolated in 1947 from a rhesus monkey resident in the Zika forest
of Uganda [23]. ZIKV infection of humans was first reported from Uganda and Tanzania in
1952 [24]. Like CHIKYV, ZIKV transmission occurs via the bite of an infected female mosquito
belonging mainly to Ae. aegypti and Ae. Albopticus [25]. Recent reports confirmed sexual
transmission of ZIKV and transmission through blood transfusion [26], and also vertical
transmission from mother to the fetus [27]. There is no data about ZIKV circulation in the
Gambella region.

The Gambella Region has been selected as a study site because it is adjacent to the South
Omo area in Ethiopia where YF is endemic [3]. This region is also proximal to South Sudan and
Kenya where many arboviral cases are frequently reported [28-30]. Besides the geographical
proximity of the area, the risk of introduction of disease is expected to increase due to the free
movement of domesticated animals, wild game, and migration of people between these areas.

No epidemiologic information on arboviral diseases in the Gambella region is available,
due to the lack of community- or health facility-based studies. We now report the first com-
munity-based seroprevalence study of YFV, CHIKV, and ZIKV infections in the Gambella
region in the South West of Ethiopia.

Materials and methods

Study area and population

This study was conducted in the Gambella Region of South West Ethiopia between late Octo-
ber 2018 and mid-June 2019. Gambella is located at an elevation between 1,000 to 2,000 meters
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above sea level (masl) in the East, to 500-900 masl in the center, and 300-500 masl in the West
[31] with a recent population projection estimated to be 435,999 [32]. Lare and Itang special
districts were selected as study sites for this research. Lare is located at 300-500 masl in the
West and borders South Sudan. Itang’s special district borders are Lare and South Sudan to
the West. These districts were purposely selected because of their proximity to neighboring
countries like South Sudan and Kenya where outbreaks of different arboviruses have been
reported [33, 34]. Specific sub-districts were also considered during selection based upon their
proximity to refugee camps, as well as the ecology of the area such as forest, water bodies, pop-
ulation density, and the occurrence of mosquito vectors and prevalence of arboviral infections
in the bordering area.

These districts host many refugees from South Sudan and migratory pastoralists from
South and North Sudan (commonly called “Fallata” or “Fulani”). In addition, native pastoral-
ists of the Lare district traditionally travel far from their villages to the adjacent territories of
South Sudan for social activities and in search of pasture. In this study, six “kebeles” (the lowest
administrative structure in a district in Ethiopia) from the Itang special district, which are
closer to the refugee camps, and four “kebeles” from Lare district, contingent to the border of
South Sudan were included (Fig 1).
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Study design, sample size, and sampling techniques

A community-based volunteer study was designed. Inclusion criteria were: age >18 years, abil-
ity to give written consent and respond to the questionnaire, known resident in the “kebele”
for more than six months, apparently healthy (with no current illness, not suffering from obvi-
ous medical and psychiatric problems), and able to provide 3 ml blood sample. The locations
of and proximity to the refugee camps, community movements with bordering territories, and
the adjacent sub-districts were documented. Pregnant women, sick individuals, refugees, and
visitors to the area were excluded from the study. Refugees were excluded because the antibod-
ies detected in these vulnerable groups may have resulted from a previous infection in their
country of origin and would certainly not measure exposure to the disease in the study area.
During the sampling procedures, sub-districts were purposively selected seeking areas with a
higher mosquito burden.

One hundred fifty (150) community members gave written consent and provided a 3 ml
venous blood sample once during the study period.

All 150 blood samples were screened for IgG specific to ZIKV using the blockade-of-bind-
ing (BOB) technique. Blood samples from 135 for YFV and 90 participants were also screened
for IgG specific to YFV and CHIKV, respectively, using indirect enzyme-linked immunosor-
bent assay (ELISA) techniques.

Data collection and laboratory investigation

Data including socio-demographic characteristics, duration of stay in the study area, history of
residence/travel in other countries, and history of vaccination against YFV or other arbovi-
ruses were collected using a structured questionnaire (S1 and S2 Questionnaires). Venous
blood samples of each study participant were collected using serum separator vacutainer test
tubes uniquely labelled for each person. To increase the amount of serum and maximum sepa-
ration the test tubes were centrifuged for 15 minutes at 3400 rotations per minute, and the
serum separated and stored at -20°c until screened for immunoglobulin G (IgG) antibodies
against YFV and CHIKYV using a sandwich ELISA assay (Abbexa Ltd, Cambridge UK) [35] as
described in detail by the manufacturer. In brief, a 96 well plate was pre-coated with the target
antigen. Two of the wells were then aliquoted with 50l of the negative and positive controls
into the set wells, respectively. One well was left as the control (zero) blank. Similarly, we ali-
quoted 50pl appropriately diluted samples into the test sample wells with a dilution rate of 1/5.
The solution was added at the bottom without touching the sidewalls of the well and the plate
was shaken gently to mix the contents. The controls and test samples are incubated at 37°C for
30 minutes after sealed with a ready-made cover. After 30 minutes incubation, the cover was
removed and the plate washed 5 times with buffer solution. Then 50yl of Horseradish Peroxi-
dase (HRP) conjugate reagent was added to each well (except the blank well) and sealed again
for incubation at 37°C for 30 minutes. The plates were then washed with buffer five times and
aliquot 50yl of Tetramethyl benzidine (TMB) substrate A into each well, 50pl of TMB Sub-
strate B added. Then plate was shaken gently by hand for 30 seconds, covered and incubated at
37°C for 15 minutes avoiding exposure to light. The HRP catalyzes TMB to produce a blue
color product that changes to yellow after adding the acidic stop solution. The intensity of the
yellow color is proportional to the YFV-IgG/CHIKV-IgG bound on the plate. The Optical
density (OD) absorbance is measured spectrophotometrically at 450nm in a microplate reader,
and the presence of YFV-IgG/ CHIKV-IgG is determined [35].

Each serum was also screened for IgG antibodies against ZIKV using the ZIKV NS1 BOB
assay as previously developed in Nicaragua [36]. This is highly specific for ZIKV with minimal
to no cross-reactivity to other flaviviruses. In brief, a 96 well plate is coated overnight with
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recombinant purified 1 ug/ml ZIKV NS1 Uganda strain (Native antigen) protein and blocked
with PBS 1% bovine serum albumin for 1 h. The plate is then incubated with 1:10 diluted
serum from each study participant for 1 hour and then HRP-labelled anti-ZIKV NS1 (mAB
ZKA35, Absolute antibody) diluted 1:5000 in PBS with 1% BSA is added to each well and incu-
bated for another 15 min. The plate is then washed and TMB substrate (Sigma) added to each
well and incubated for 5-6 min in the dark and the reaction is stopped with 2N H,SO, or 1N
HCL. The plate is read on a plate reader (Multiskan™ FC Microplate Photometer) at an absor-
bance of 450 nm. Unconjugated ZKA35 rIgG1 (1:200 diluted) is added as a positive control
and normal human serum (NHS) is added as a negative control (1:10 diluted). The percentage
of ZKA35-HRP binding inhibition is calculated as described in detail by Balmaseda and his
colleague [36]

The concentration of ZKA35-HRP used in the BOB assay corresponds to 70% of the maxi-
mal OD (450 nm) level as determined by interpolating a curve fitted with a 4-parameter non-
linear regression. A starting dilution at 1:10 and then 1:3 serial dilution of 12 points in assay
diluent is performed using 50 pul ZKA35-HRP/well.

Ethics approval and consent to participate

The study protocol was approved by the Institutional Review Board (IRB) of the Aklilu
Lemma Institute of Pathobiology, Addis Ababa University. Permission to visit the study sites
and to collect the blood samples was obtained from the Gambella Regional Health Office, dis-
trict administration offices, and community leaders of each study site. The objective of the
study was explained to each of the study participants and written consent was obtained from
each participant. Finally, blood sample collection was carried out under aseptic conditions by
experienced medical laboratory technicians.

Statistical analysis

Collected data were coded and entered into Epi Data Software v.3.1 and analyzed using
STATA 13.1. Socio-demographic characteristics were summarized using the frequencies and
percentages while the seroprevalence of IgG antibodies elicited towards YFV, CHIKV, and
ZIKV were calculated by dividing the number of participants with positive test results by the
total number of study participants. The associations between the seroprevalence of IgG and
the background characteristics such as age, sex, occupation, education, traveling/residency his-
tory in other countries or areas outside Gambella were assessed using the uni-variable logistic
regression analysis. The effects of each independent variable (i.e. gender, age, occupation, eth-
nicity, education, and others) on the outcome variable after adjusting each independent vari-
able for all other variables were analyzed using the multivariable logistic regression. The
coefficient values of each independent variable (predictors) are included in the final reported
model. All analysis results with a P-value below 0.05 were considered statistically significant.

Results
Socio-demographic characteristics of study participants

The socio-demographic characteristics of all study participants are summarized in Table 1. A
total of 150 individuals (96 males and 54 females, age ranging from 18-65 years) from two dis-
tricts (33 from Lare and 117 from Itang special district) participated in this study. Most travel-
ers were in the 18-30 age group (17.5%). The travel or living /residency history outside
Gambella was higher in males (16.7%) than females (7.4%) as shown in Fig 2 (P-value>0.05).
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Table 1. Socio-demographic characteristics (N = 150).

Variables Response category Travel history History of working in the forest
Yes N(%) No N(%) Yes N(%) No N(%)
Sex Male 16(16.7) 80(83.3) 79(82.3) 17(17.7)
Female 4(7.4) 50(92.6) 47(87.0) 7(13.0)
District Itang 15(12.8) 102(87.2) 96(82.1) 21(17.9)
Lare 5(15.2) 28(84.8) 30(90.9) 3(9.1)
Age (years) 18-30 years 10(17.5) 47(82.5) 48(84.2) 9(15.8)
31-40 years 5(10.2) 44(89.8) 40(81.6) 9(18.4)
>41 years 5(11.4) 39(88.6) 38(86.4) 6(13.6)
Ethnicity Nuer 15(15.5) 82(84.5) 92(94.8) 5(5.2)
Agnewak 5(9.4) 48(90.6) 34(64.2) 19(35.8)
Education level Informal 9(9.7) 84(90.3) 83(89.3) 10(10.7)
Formal 11(19.3) 46(80.7) 43(75.4) 14(24.6)
Occupation Pastoralist 8(13.8) 50(86.2) 53(91.4) 5(8.6)
Agro pastoralist 6(16.7) 30(83.3) 35(97.2) 1(2.8)
Others 6(10.7) 50(89.3) 38(67.9) 18(32.1)
History of vaccination yes 0(0.0) 0(0.0)
No 20 (13.3) 130(86.7) 126(84.0) 24(16.0)
History of bite by Aedes mosquito Yes 17(14.4) 101(85.6) 105(89.0) 13(11.0)
No 3(9.4) 29(86.6) 21(65.6) 11(34.4)

https://doi.org/10.1371/journal.pone.0253953.t001

In the Lare district 15.2% of the participants had traveled or lived outside of Gambella (P-value
>0.05). None of the study participants responded positively regarding YF vaccination.

Seroprevalence and independent predictors of sero-positivity for YFV
infection

Out of the 135 randomly screened serum samples for IgG antibodies to YFV, only 4 samples
(2.9%; 95% CI: 1.1-7.72%) were found to be positive (Table 2). All the YFV-IgG positive indi-
viduals were from the Itang district; hence site/district was omitted during logistic regression
analysis due to zero outcomes from the Lare district. There were no identified risk factors sig-
nificantly associated with seropositivity for specific IgG antibodies to YFV. However, there
were higher proportion of males (3.6%) and individuals in the age group of 31-40 years (5%)
having YFV specific IgG antibodies compared to the females (2%) or other age categories,
respectively (Table 2). Participants with a history of residence/travel outside Gambella

(AOR =3.10, 95%CI: 0.21-44.56%) and those with an occupation engaged in agro-pastoralist
(AOR =1.92, 95% CI: 0.11-35.05%) were more likely to be IgG positive for YFV infection
albeit not statistically significant. Participants with a history of a bite by Ae mosquitoes, and
working in the forest showed protective odds in the contrary (Table 2).

Seroprevalence and independent predictors of sero-positivity for CHIKV
infection

Out of the 90 samples 14 (15.6%, 95% CI: 9.3-24.8%) were positive for IgG antibodies against
CHIKYV (Table 3). In the multivariable logistic regression analysis model, a 14-fold lower sero-
positivity for CHIKV specific IgG was detected among pastoralists compared to agro-pastoral
(AOR = 14.17; CI: 2.30, 87.30) (Table 3). A higher proportion of anti-CHIKYV IgG antibodies
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Fig 2. Traveling and residence out of Gambella region among those with a history of the travel.

https://doi.org/10.1371/journal.pone.0253953.9002

was observed in the age group >41 compared to younger age categories although not statisti-
cally significant.

Seroprevalence and independent predictors of sero-positivity for ZIKV
infection

Out of the 150 samples tested for the presence of IgG antibodies against the ZIKV, 41 (27.3%;
95% CI: 20.7-35.1%) were found to be positive (Table 4). Multivariable logistic regression
analysis showed that living in Lare (AOR = 11.5; 95% CI: 3.31-39.81%), being a female

(AOR =4.8;95% CI: 1.62-14.63%) and being a pastoralist (AOR = 5.1; 95% CI: 1.44-17.80%)
were significantly associated with seropositivity for ZIKV.

Discussion

Arboviral infections and outbreaks in Ethiopia have been documented since the 1960s, yet the
present epidemiological situation in the country remains unknown [37]. This is the first sero-
epidemiological study of YFV, CHIKYV, and ZIKV infections in community members from the
Gambella regional state of Ethiopia.
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Table 2. Sero-positivity for IgG antibody to YFV infection and associated factors (N = 135).

Variables Category YF IgG sero-status COR (95% CI) AOR (95% CI)
Total tested(N) Positive N (%)

Sex Male 84 3(3.6) 1.85(0.19, 18.30) 1.32(0.10, 17.03)
Female 51 1(2.0) Ref Ref

Age Group (years) 18-30 53 1(1.9) 0.79(0.05, 12.99) 0.77(0.03, 17.64)
31-40 40 2(5.0) 2.16(0.19, 24.77) 2.29(0.17, 31.61)
>41 ) 1(2.4) Ref Ref

Educational Status Formal education 51 2(3.9) 1.7(0.23, 12.26) 1.31(0.10, 17.23)
Informal education 84 2(2.4) Ref Ref

Occupation pastoralist 55 1(1.8) Ref Ref
Agro pastoralist 32 1(3.1) 1.74(0.10,28.84) 1.92(0.11, 35.05)
Others 48 2(4.2) 2.35(0.21, 26.73) 1.18(0.05,25.41)

History of residence/travel outside Gambella Yes 17 1(5.9) 2.4(0.23, 24.45) 3.10(0.21, 44.56)
No 118 3(2.5) Ref Ref

History of working in the forest areas Yes 113 3(2.6) 0.57(0.06, 5.77) 0.47(0.03, 7.68)
No 22 1(4.5) Ref Ref

History of Bite by Aedes mosquito Yes 109 3(2.7) 0.54(0.05, 5.44) 0.74(0.04, 12.25)
No 26 1(3.85) Ref Ref

District Itang 103 4(3.9) - -
Lare 32 0(0.0) - -

History of vaccination Yes 0(0.0) 0(0.0)
No 135 4(2.9) - -

CI (confidence interval), COR (crude odds ratio), and AOR (adjusted odds ratio), Ref (Reference category).

https://doi.org/10.1371/journal.pone.0253953.t002

Our study examines the community-based sero-epidemiology of YFV, CHIKV, and ZIKV
in two selected districts of the Gambella region in South West Ethiopia. Previously a few stud-
ies on arboviruses have been conducted in other regions of Ethiopia and were mainly part of
outbreak investigations at that time including dengue fever (DF) and YF [3, 19, 22, 37, 38].

We found a seroprevalence of 2.9% of YFV specific-IgG in collected blood samples.

Of the four YFV IgG-positive individuals, three had no history of residency or travel outside
the Gambella region, thus indicating that YFV infections occurred in this area.

Besides, three of the four individuals reported a history of working in the forest area for
farming, where they might have been exposed to mosquito bites. Indeed arboviruses com-
monly circulate in the forest area in a sylvatic cycle involving primates as reservoir hosts [13].
The prevalence rate of IgG antibodies against YFV in the Gambella region is in line with the
seroprevalence detected in a previous study conducted in Djibouti (14 ELISA positive out of
903 screened) [39]. However, another study from another part of Ethiopia revealed that the
seroprevalence of YFV among study participants was 0.6% in pooled samples [19]. The slightly
higher seroprevalence that we found in the Gambella region could be explained by the higher
rate of daily commuters from neighboring countries (South Sudan, Sudan), migration of refu-
gees, and seasonal movement of pastoralists from North and West Africa in search of pasture.
Our findings show a lower anti-YFV IgG antibody response compared to other seroprevalence
studies conducted in South Omo, Ethiopia [22] where the authors found 49.5% seropositivity
for YFV IgG antibodies. A higher seroprevalence of YFV IgG antibodies was also reported
from the Borena area of Southern Ethiopia (12.5% of participants) [40], and Kenya (6% of par-
ticipants) [41]. These variations might be due to different sample sizes, and higher vaccination
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Table 3. Seropositivity for IgG antibody to CHIKYV and associated factors (N = 90).

Variables Category CHIKYV IgG sero-status COR (95% CI) AOR (95% CI)
Total tested (N) Positive N (%)
Site Itang 58 12(20.7) Ref Ref
Lare 32 2(6.3) 0.25(0.05, 1.22) 0.43(0.06,2.82)
Sex Male 53 12(22.6) 5.12(1.07, 24.46)* 3.78(0.58, 24.52)
Female 37 2(5.4) Reference Reference
Age Group (years) 18-30 36 4(11.1) 0.48(0.12, 1.89) 0.75(0.11, 5.37)
31-40 25 4(16.0) 0.73 (0.18, 2.95) 2.74(0.47, 16.08)
>41 29 6(20.7) Ref Ref
Educational Status Informal education 64 8(12.5) Ref Ref
Formal education 26 6(23.1) 2.1(0.65, 6.80) 2.64(0.36, 19.29)
Occupation Pastoralist 49 2(4.1) Ref Ref
Agro pastoralist 26 9(34.6) 12.44(2.44,63.47)* 14.17(2.30, 87.30)*
Others 15 3(20.0) 5.88(0.88, 39.21) 2.20(0.17, 27.18)
History of residence outside Gambella Yes 10 3(30.0) 2.68(0.60, 11.98) 2.44 (0.33,17.69)
No 80 11(13.7) Ref Ref
History of working in the forest areas Yes 82 13(15.8) 1.32(0.14, 11.64) 0.90(0.05, 15.33)
No 8 1(12.5) Ref Ref
History of Bite by Aedes mosquito Yes 89 12(15.2) 0.54(0.10, 2.98) 0.73(0.1, 8.00)
No 11 2(18.2) Ref Ref
CI (confidence interval), COR (crude odds ratio), AOR (adjusted odds ratio), and
*(significant at p<0.05), Ref (Reference category).
https://doi.org/10.1371/journal.pone.0253953.t1003
Table 4. Seropositivity for IgG antibody to ZIKV and associated factors in the study participants (N = 150).
Variables Category ZIKYV IgG sero-status COR (95% CI) AOR (95% CI)
Total tested N (%) | Positive N (%) |Equivocal N (%)
Site Itang 117 15(12.8) 2(1.7) Ref Ref
Lare 33 26(18.8) 0(0.0) 21.8(8.20, 58.23)* | 11.5(3.31, 39.81)"*
Sex Male 96 15(15.6) 1(1.0) Ref Ref
Female 54 26(48.2) 1(1.8) 5.0(2.34, 10.65)* | 4.8(1.62, 14.63)*
Age Group (years) 18-30 57 23(40.3) 0(0.0) 2.1(0.90,4.8) 1.5(0.39, 5.61)
31-40 49 11(22.5) 1(2.0) 1.5(0.53, 4.0) 0.80(0.21,3.13)
>41 44 7(15.9) 1(2.3) Ref Ref
Educational Status Informal education | 93 32(34.4) 1(1.1) 2.59(1.16,5.76)* | 1.0(0.28,3.68)
Formal education 57 9(15.8) 1(1.8) Ref Ref
Occupation Pastoralist 58 32(55.2) 1(1.7) 8.2(2.78,24.1)* 5.1(1.44, 17.80)*
Others 56 5(8.9) 0(0.0) 0.61(0.16, 2.27) 1.5(0.27,8.22)
Agro pastoralist 36 4(11.1) 1(2.8) Ref Ref
History of residence /travel outside Gambella | Yes 20 6(30.0) 0(0.0) 1.10(0.38, 3.0) 1.4(0.29,6.65)
No 130 35(26.9) 2(1.5) Ref Ref
History of working in the forest areas Yes 126 36 (28.6) 2(1.6) 1.64(0.57, 4.72) 1.15(0.20, 6.49)
No 24 5(20.8) 0(0.0) Ref Ref
History of bite by Aedese mosquito Yes 118 36(30.5) 2(1.7) 5.7(1.28,25.37)* | 1.34(0.21, 8.47)
No 32 5(15.6) 0(0.0) Ref Ref

CI (confidence interval), COR (crude odds ratio), AOR (adjusted odds ratio), and
*(significant at p<0.05), Ref (Reference category).

https://doi.org/10.1371/journal.pone.0253953.t004
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history in the population. No YF vaccinations was recorded in any of our subjects at both
study sites. The comparison of different studies is difficult due to differences in methodology,
diagnostic tools, and characteristics of the study populations. For instance, the current study
focused on the detection of IgG antibodies in blood samples of healthy donors using an ELISA
while others implemented advanced diagnosis methods. In addition, other groups used sera
from individuals with suspected infection rather than from an apparently healthy community.
IgG antibodies against YFV were also observed in a study conducted in Kenya among subjects
between 30-40 years of age [42].

Among the 14 individuals having anti-CHIKV IgG, only three had a history of residency or
travel out of Gambella. This might indicate that CHIKV infections occurred in the study area
but detection of IgM or viral RNA is necessary to confirm current virus circulation. Almost all
seropositive individuals were engaged in farming activities in the forest area and had reported
mosquito bites. The prevalence of anti-CHIKV IgG in our study (seroprevalence 15.6%) is
lower than in Sudan, Kassala (73.1%) [43], where only patients suffering from unknown fever
were tested. In contrast, Khartoum state in Sudan and Southern Mozambique reported a low
seroprevalence of CHIKV IgG antibodies of 2.2% [44] and 4.3% [45], respectively among
febrile patients. Thus, these studies differ from the present study in Gambella, where we
screened only healthy subjects. The majority of the CHIKV IgG+ cases in our study were
between 31-40 years of age, which is similar to findings of a seroprevalence study in Tanzania
[46]. The highest IgG seroprevalence of CHIKV was found in males which was fivefold
(22.6%) higher compared to females, supporting the contention that males are more exposed
to mosquito bites during farming activity or other similar travel or working related factors.
These findings are in agreement with another study that showed that males are more suscepti-
ble than females [47, 48]. However, other seroprevalence studies observed the opposite trend,
where females were more often CHIKV IgG+ compared to males [49, 50]. The detection of
IgG against CHIKV was significantly associated with the agro-pastoralist lifestyle compared to
a pastoralist one, which could be associated with the job-related risk including environmental
suitability for vector and maintenance of the virus in such conditions as well as the intimate
contact between humans, and primates. The discrepancy with results from other studies might
be due to sampling size and proportions of the various categories such as gender and age. Fur-
thermore, the participating community could have various habits, behaviors, occupations, tra-
ditions, and local practices that would expose them to the virus more or less likely.

In the current study, there is serological evidence of human exposure to ZIKV in the two
districts of the Gambella region, Southwest Ethiopia. Antibodies against ZIKV were found in
41 individuals (27.3%; 95% CI: 20.7, 35.1%). Among those 41, only six individuals reported a
history of traveling or residing outside of Gambella. Almost all individuals reported visiting
forest areas for their farming activities, where they might have been infected via mosquitoes
which are in in close contact with the reservoir hosts such as primates. Indeed, most of the pos-
itive individuals had reported mosquito bites. Markedly, the seroprevalence of anti- ZIKV IgG
found in Gambella was higher than studies conducted elsewhere in Ethiopia in 2018 (0.4%)
[19], in Kenya (3.9%) [43], and Zambia (6.1%) [51], but was similar to the seroprevalence
reported in Nigeria (31%) [52]. Our study confirms that ZIKV infections have occurred in the
study area of Ethiopia. A large fraction of the ZIKV IgG+ cases were found in the Lare district
(11 fold higher than Itang special district), which could be due to Lare being the main entry
point from South Sudan to Ethiopia, and is a temporary residential location and a registration
place for refugees from South Sudan. Neighboring countries such as Kenya have also reported
a high seroprevalence of ZIKV IgG+ antibodies in many region [53, 54]. Significantly higher
ZIKV IgG+ antibodies were found in females in this study which is similar to a study con-
ducted elsewhere [55]. Studies indicated that females in the sexually active age group are more
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likely to get ZIKV than males; sexual transmission is the most probable cause [56]. A gender-
specific prevalence of ZIKV is also observed in mouse models [57] as female mice are more
affected. In contrast to this study’s finding, a high risk of ZIKV infection in males was observed
in Kenya [42] even if not significant. These differences might be explained by the variation in
gender proportion, the difference in laboratory tests applied, presence of non-vector transmis-
sions, and the traditions of the community which poses a predisposition factor for ZIKV infec-
tion. In general, a large fraction of the age groups 18-30 and 31-40 years was ZIKV IgG

+ compared to individuals in the age group >41 years, which is in line with a study result from
Zambia where study participants between 24-44 years of age showed a higher trend of ZIKV
IgG seropositivity compared to older participants [51]. This result could be related to differ-
ences in mobility, occupation, and immune status between age groups. Participants with a his-
tory of residence or travel outside of Gambella also showed a higher trend for being ZIKV IgG
+ which is in agreement with other study results [51, 58]. Participants who had a history of
working in the forest areas were more likely to be ZIKV IgG+. Notably, pastoralists were
found to be significantly more affected compared to agro-pastoralists which is in line with
another study from Kenya [42]. This could be due to the tradition of the pastoralists and their
lifestyle associated with long-distance movements with their livestock in search of pasture or
water which exposes them more to forest areas and mosquito breeding sites close to water
sources. Participants with informal education were more likely to have ZIKA IgG+ antibodies
relative to those who have attended formal education. This might correlate with lower knowl-
edge of disease transmission and the source of infection as shown by a study conducted in
Nigeria [59].

Limitation of the study

One limitation of the study is that we did not use confirmatory tests such as Plaque Reduction
Neutralization Test (PRNT) as proof of the viral agent due to budget limitations. In addition,
we were unable to screen all the serum samples for YFV and CHIKYV also due to budget limita-
tions. Thus, the number of serum samples screened may be a limitation of the study. Finally,
we did not conduct IgM ELISA screening to help distinguish recent exposure vs. more distant
viral infection.

Conclusions

Our community-based seroprevalence study showed the circulation of YFV, CHIKV, and
ZIKV in the two districts of the Gambella region of Ethiopia. We found that the seroprevalence
of anti-CHIKV and anti-ZIKV IgG antibodies were significantly higher in the agro-pastoral
and pastoralists communities respectively. Moreover, the seroprevalence of anti-ZIKV IgG
was significantly higher in females and in individuals from the Lare district. Therefore, addi-
tional testing options are needed in local health facilities and laboratories to help implement
mosquito-borne viral disease prevention and control programs.
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