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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 Itang) 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 CHIKV 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% CI: 1.1–7.7%), 15.6% (95% CI: 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%CI: 2.30, 87.30) and residency in the Lare district (AOR = 11; 95%CI: 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].

YFV 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].

CHIKV 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 CHIKV, 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).

Fig 1. Map of the study site (Lare district and Itang special districts).

https://doi.org/10.1371/journal.pone.0253953.g001
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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 CHIKV 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 50μl of the negative and positive controls

into the set wells, respectively. One well was left as the control (zero) blank. Similarly, we ali-

quoted 50μl 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 50μl 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 50μl of Tetramethyl benzidine (TMB) substrate A into each well, 50μl 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 H2SO4 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 μl 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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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

CHIKV (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-CHIKV IgG antibodies

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
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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, CHIKV, and ZIKV infections in community members from the

Gambella regional state of Ethiopia.

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.g002
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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

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 42 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
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Table 3. Seropositivity for IgG antibody to CHIKV and associated factors (N = 90).

Variables Category CHIKV 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.t003

Table 4. Seropositivity 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% 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 CHIKV 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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