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Abstract 

Mosquito-borne infections are of global health concern because of their rapid spread and upsurge, which creates a 
risk for coinfections. chikungunya virus (CHIKV), an arbovirus disease transmitted by Aedes aegypti or A. albopictus, and 
malaria, a parasitic disease transmitted by Anopheles gambiae, are prevalent in Nigeria and neighbouring countries, 
but their burden and possible coinfections are poorly understood. In this study, we investigated the antibody sero-
positivity and endemicity of chikungunya and Zika viruses (ZIKV) in three regions of Nigeria. A cross-sectional sero-
survey was conducted on 871 participants. Samples were collected from outpatients by simple random sampling. 
Analyses of the samples were performed using recomLine Tropical Fever for the presence of antibody serological 
marker IgG immunoblot with CHIKV VLP (virus like particle), ZIKV NS1 and ZIKV Equad according to manufacturers’ 
instructions and malaria RDT for malaria parasite. There was a significantly higher antibody seropositivity against 
CHIKV in the central region than in the northern and southern regions (69.5%, 291/419), while ZIKV-seropositivity 
(22.4%, 34/152) and CHIKV-ZIKV co-circulating antibody seropositivity (17.8%, 27/152) were notably higher in the 
southern region than in the central and northern regions. This investigation revealed an unexpectedly high antibody 
seropositivity and concealed endemicity of CHIKV and ZIKV in three Nigerian regions. The seropositivity of detectable 
antibodies differed among the three geographical locations.
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Introduction
The rapid and continuous emergence of arthropod-
borne viruses (arboviruses) poses a serious threat to 
public health. Local outbreaks are fuelled by various 
factors, such as urbanization, increased travel, and cli-
mate change (Asaga Mac et al. 2022; Ekong et al. 2022; 
Masika et al. 2022; Norman et al. 2020; Ali et al. 2022; 
Carrillo-Hernández et al. 2018). In malaria and dengue-
endemic regions, the emergence of chikungunya virus 
(CHIKV) and Zika virus (ZIKV) creates intriguing and 
potentially alarming scenarios and could possibly be 
misdiagnosed as a malaria infection (Masika et al. 2022; 
Norman et al. 2020; Ali et al. 2022; Carrillo-Hernández 
et al. 2018; Olawoyin and Kribs 2020; Otu et al. 2019). 
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In urban settings, such as Lagos in Nigeria and sev-
eral other cities and regions in sub-Saharan Africa, all 
three viruses infect humans, with mosquitoes (primar-
ily Aedes aegypti and Aedes albopictus) as the major 
vector. They share common biological, ecological and 
economic factors (Olawoyin and Kribs 2020; Otu et al. 
2019), leading to epidemiological synergy. Concurrent 
infections with two or more  viruses are commonly 
reported (Norman et  al. 2020; Abdullahi et  al. 2020; 
Zambrano et al. 2016; Omatola et al. 2020; Iovine et al. 
2017; Carrillo et al.   2018; Coelho et al. 2016; Oluwole 
et al. 2022; Perkins et al. 2016; Weaver and Lecuit 2015; 
Fauci and Morens 2016; Gardner et  al. 2018; Bisanzio 
et al. 2018; Furuya-Kanamori et al. 2016; Messina et al. 
2016). Zika virus can cause microcephaly and other 
birth defects during pregnancy (Paniz-Mondolfi et  al. 
2016; Rico-Mendoza et  al. 2019; Joseph et  al. 2021; 
Edwards et  al. 2016; Diallo et  al. 2018), and the long-
term effects of chikungunya-induced chronic arthritis 
and associated cognitive disorders have been described 
(Ali et al. 2022; Rico-Mendoza et al. 2019; Joseph et al. 
2021; Edwards et al. 2016; Diallo et al. 2018). A muta-
tion (A226 V) in the E1 glycoprotein, which enhances 
CHIKV transmission, is one of the factors contribut-
ing to the global spread of the virus by A. albopictus 
(Rothan et  al. 2018). In Nigeria, it can be very com-
plicated to accurately diagnose arboviruses in health-
care facilities because there are limited staff with the 
necessary skills and molecular diagnostic tools to dif-
ferentiate between the two arboviral infections. There 
are several serodiagnostic tests for arboviral infections, 
including the enzyme-linked immunosorbent assay 
(ELISA), neutralization test (NT), immunofluorescence 
assay (IFA), and hemagglutination inhibition test. Den-
gue and Zika infections can be reliably and specifically 
serologically diagnosed using PRNT (Asaga Mac et  al. 
2022; Olawoyin and Kribs 2020). However, PRNT is 
time consuming and requires a biosafety level 3 facil-
ity to handle live viruses. Comparatively, ELISA is sim-
ple and safe, but is hindered by cross-reactivity among 
flaviviruses (Asaga Mac et  al. 2022; Ekong et  al. 2022; 
Norman et  al. 2020; Ali et  al. 2022; Iovine et  al. 2017; 
Carrillo et al. 2018). The potential outcomes of coinfec-
tion in vulnerable groups, such as pregnant and immu-
nocompromised individuals, could lead to prolonged 
viremia and poor foetomaternal outcomes (Masika 
et  al. 2022; Norman et  al. 2020; Joseph et  al. 2021; 
Edwards et al. 2016; Diallo et al. 2018; Zambrano et al. 
2016). The process and consequences of coinfections 
are poorly understood in Nigeria and other African 
countries. Many imperative questions remain unan-
swered: Does coinfection with chikungunya virus/Zika 
virus alter the course of human diseases in Nigeria?

CHIKV and ZIKV have emerged as highly significant 
threats to public health in Nigeria and worldwide. Sur-
veillance activity for arboviral infections in Nigeria is 
non-functional. The present study assessed antibody 
seropositivity, endemicity and varied spread  of CHIKV, 
ZIKV and CHIKV-ZIKV antibody cocirculation in three 
regions of Nigeria. In addition, this study highlights the 
need to establish sentinel surveillance sites for arbovi-
ruses in Nigeria.

Results
Sociodemographic characteristics and seropositivity 
of chikungunya and Zika arboviral infection in the study 
population
A total of 871 participants were recruited from three 
geographical regions for this study. Among these, 17.5% 
(152/871) were from Abia (Southern Nigeria), 34.4% 
(300/871) were from Kaduna (Northern Nigeria), and 
48.1% (419/871) were from Nasarawa (Central Nigeria). 
The age of the participants ranged from 0  months to 
80 years, with a mean age of 36.6 years.

The study cohort overall IgG seropositivity for CHIKV 
was significantly higher [64.9% (565/871); 95% CI (0.61–
68)] than for ZIKV [19.2% (172/871); 95% CI (0.19–
0.20)], while the CHIKV-ZIKV antibody seropositivity 
was [6.2% (54/871); 95% CI (0.5–0.7)] (Fig. 1 & Table 1).

Regions
Subgroup analysis also revealed a considerably higher 
level of detectable antibodies against CHIKV in the cen-
tral region (69.5%, 291/419) than that in the northern and 
southern regions. (Table  2). ZIKV  (22.4%,  34/152) and 
CHIKV-ZIKV (17.8%, 27/152) seropositivity was notably 
higher in the southern region than in the northern and 
central regions (Table 1).  

Sex
The antibody seropositivity against CHIKV among 
female participants (65.1%, 403/619) was slightly higher 
than that in males, whereas ZIKV (21.0%, 53/252) and 
CHIKV-ZIKV (19.1%,  48/252) cocirculation antibody 
seropositivity was remarkably higher in male partici-
pants. However, the odds of CHIKV-ZIKV cocircula-
tion were 1.2 times higher in the female group than in 
the male group (Fig. 1 & Table 1).

Place of domicile
A high level of antibody seropositivity against CHIKV 
[OR = 1.5, p < 0.05]; 70.8% (75/106)] and ZIKV (20.7%, 
22/106) was observed among slum dwellers, while 
marked seropositive co-circulating antibodies against 
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CHIKV-ZIKV 919.0%,  49/258) were observed among 
rural dwellers. The odds of CHIKV were 1.5 times 
higher in the slum group than in the other two groups 
(Fig. 1 & Table 1).

Pregnancy status
Considerable detectable antibodies against CHIKV (66.3%, 
425/641), ZIKV (20.1%, 129/641), and CHIKV-ZIKV cocir-
culation (17.9%, 115/641) were observed in the non-preg-
nant group than in the pregnant group (Fig. 1 & Table 1).

HIV status
HIV-negative individuals had significantly higher anti-
body seropositivity against CHIKV (74.4%,  209/281). 
Similarly, antibody seropositivity against ZIKV (41.3%, 
116/281) and CHIKV-ZIKV (37.7%, 106/281) were 
remarkably higher in the HIV-negative participants. The 

results were considered statistically significant (p < 0.005) 
(Fig. 1 & Table 1).

Marital status
In the present study, single (unmarried) participants 
had slightly higher antibody seropositivity against 
ZIKV (22.3% 49/220) and CHIKV-ZIKV (20.5% 
45/220), whereas married individuals demonstrated 
considerable seropositive antibodies against CHIKV 
(65.1%, 424/651) (Fig. 1 & Table 1).

Malaria status
Malaria-negative participants had a marginal seroposi-
tivity antibody against ZIKV and CHIKV-ZIKV cocir-
culation, whereas malaria-positive participants showed 
a slightly higher antibody seropositivity against CHIKV. 
The odds of CHIKV antibody seropositivity were 

Fig. 1  Chikungunya and Zika arboviral study sites in Nigeria
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5.1 times higher in malaria-negative patients than in 
malaria-positive patients. The results were statistically 
significant (p < 0.005) (Fig. 1 & Table 1).

Blood product source
Sera from the blood banks showed remarkable sero-
positivity against CHIKV (77.3%,  85/110)), ZIKV 
(62.7%,  69/110)) and CHIKV-ZIKV (28.2%,  31/110)) 
cocirculation compared to serum samples from out-
patients. The results were statistically significant 
(p < 0.005) (Fig. 2 & Table 1).

Age‑specific seropositivity of Chikungunya, Zika, 
and Chikungunya‑Zika cocirculation
The highest seropositivity of CHIKV antibody 
(75.6%, 62/82) was observed in the 50- to 59-year-old age 
group, and CHIKV-ZIKV-seropositive cocirculation anti-
bodies (8.5%, 7/82) were observed in the same age group, 
whereas ZIKV-seropositive antibody (27.1%,  49/181) 
was observed in the 40- to 49-year-old age group. How-
ever, the results were not statistically significant (p < 0.05) 
(Fig. 3 & Table 3).

Discussion
In the present study, we employed sociodemographic 
parameters to investigate antibody seropositivity, ende-
micity, burden (high prevalence of a potentially seri-
ous disease), and multifarious spread of CHIKV, ZIKV 
and CHIKV-ZIKV-seropositive cocirculating antibodies 

in three regions of Nigeria. The overall  rate of antibody 
seropositivity against CHIKV was 64.9%, while that 
against ZIKV was 19.6%. and CHIKV-ZIKV was 17.5%. 
In addition, 65.1% of CHIKV seropositive, 19.0% ZIKV 
seropositive, and 16.5% CHIKV-ZIKV seropositive 
patients were also positive for the malaria antigen. How-
ever, much lower seroprevalences were reported in dif-
ferent parts of Nigeria, most recently for CHIKV (29.3%, 
25.1%) (Olawoyin and Kribs 2020; Vogels    et  al.  2019) 
and ZIKV (38.9%, 2.0%) (Masika et  al. 2022; Rico-Men-
doza et  al. 2019; Zambrano et  al. 2016). In the current 
study, we observed a 6.2% antibody seropositivity rate 
in CHIKV-ZIKV co-circulation patients. A cocirculation 
antibody seropositive rate of 7.6% (Asaga et al. 2022) was 
reported in the Columbia-Venezuela border and 12.0% 
(Norman et  al. 2020) in South America. These varied 
results and findings can be explained by the cocirculation 
(Joseph et al. 2021; Edwards et al. 2016; Diallo et al. 2018; 
Zambrano et al. 2016) and common vector of transmis-
sion (Aedes aegypti)   occurring in three geographic loca-
tions at the same time   (Asaga Mac et  al. 2022; Ekong 
et  al. 2022; Masika et  al. 2022; Norman et  al. 2020) . 
This result may also have been shaped by some level of 
arboviral antibody cross-reactivity from CHIKV (and 
other alphaviruses) and ZIKV (flaviviruses) past expo-
sure immunity and arboviral vaccine (yellow fever). The 
serological assay used in this study was based on recom-
binant specific diagnostic IgG antigens derived from 
chikungunya and Zika. Thus, the antibodies were consid-
ered specific to CHIKV and ZIKV. The different levels of 
endemicity (seropositivity) for the two arboviruses in the 
three regions may be explained by different vector den-
sities due to differences in vegetation, human population 
index, climate impact, vector adaptations, variations in 
temperature and humidity, flooding (which favors emer-
gence and survival of arboviruses), changes in habitats 
and microclimates, and unplanned urbanization in the 
various regions that favor the transmission dynamics of 
mosquito-borne vectors (Zambrano et al. 2016; Omatola 
et al. 2020). The limited testing capacities of the regional 
health systems to accurately diagnose arboviral infections 
and distinguish them from other febrile illnesses explains 
the “hidden burden (as they remain usually undetected 
by the health services)” of this disease in various demo-
graphic groups. The sampling period (dry season through 
rainy season) also played a significant role in the current 
antibody seropositivity results across the three regions. 
Our findings are consistent with others, but much less 
extensive seroprevalence studies have been conducted 
in other parts of Nigeria, West Africa, and the rest of the 
world (Asaga Mac et al. 2022; Ekong et al. 2022; Masika 
et al. 2022; Norman et al. 2020; Ali et al. 2022; Carrillo-
Hernández et  al. 2018; Olawoyin and Kribs 2020; Otu 

Table 2  Signs and symptoms presented by chikungunya or Zika 
monoinfected patients

Sign and symptoms Mono-infection (% sign & symptoms)

Anti-chikungunya 
positive (N = 565)

Anti-Zika 
positive (N = 172)

Headaches 84.1% (475/565) 93.0% (160/172)

Exanthema 37.2% (210/565) 31.3% (54/172)

Fever 87.1% (492/565) 95.9% (165/172)

Abdominal pain 17.8% (101/565) 7% (12/172)

Diarrhoea 14.5% (82/565) 4.7% (8/172)

Myalgia 70.6% (399/565) 55.8% (96/172)

Vomiting 15.8% (89/565) 26.2% (45/172)

Generalised body pains 90.6% (512/565) 62.2% (107/172)

Arthralgia 61.1% (345/565) 69.8% (120/172)

Edema 10.4% (59/565) 0.0% (0/172)

Maculopapular 0.0% (0/565) 8.1% (14/172)

Retro-orbital pain 2.1% (12/565) 14.5% (25/172)

Nausea 0.9% (5/565) 7.0% (12/172)

Non-purulent conjunctivitis 0.4% (2/565) 2.9% (5/172)

Leukopenia 50.4% (285/565) 45.3% (78/172)
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Fig. 2  Sociodemographic characteristics and antibody seropisitivity of CHIKV, ZIKV and CHIKV-ZIKV cocirculation
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et al. 2019; Vogels et al. 2019; Rothan et al. 2018; Omatola 
et al. 2020; Oluwole et al. 2022; Messina et al. 2016).

These two arboviral infections are more prevalent in 
older age groups (Asaga Mac et  al. 2022; Gardner et  al. 
2018). This could be due to past infections (exposure over 
time), immunosenescence in old age, or long-standing 
immunity against arboviruses in older age groups and/
or to increased vector exposure in relation to activities 
close to mosquito breeding habitats. Furthermore, older 
people maintain sedentary lifestyles because they sit for 
long periods in unscreened places, thus increasing their 
exposure to Aedes mosquito bites (day-feeding activity of 
Aedes aegypti).

In the present study, antibody seropositivity against 
CHIKV and ZIKV was remarkable in all three settle-
ments (slum, rural and urban). This phenomenon may be 
due to rural–urban migration because of political con-
flict or fatigue, especially in northern and central Nige-
ria, travel and commercial activities, which may result 
in overcrowding, thereby driving unknown CHIKV and 
ZIKV antibody seroprevalences (Abdullahi et  al. 2020; 
Bisanzio et al. 2018; Furuya-Kanamori et al. 2016). There 
is also the possibility of increased vector exposure near 
mosquito breeding habitats in urban areas and slums, 
such as refuse disposal or dump sites, unhygienic and 
poor sewage and drainage systems, and stagnant water 

Fig. 3  Age-specific seropositivity

Table 3  Age specific seroprevalence of chikungunya, Zika and chikungunya-Zika cocirculation

Age (Years) Chikungunya virus (CHIKV) Zika virus (ZIKV) Chikungunya-Zika coinfection

Negative Positives Total examined Negative Positives Total examined Negative Positives Total examined 

0–9 2 (66.7%) 1 (33,3%) 3 3 (100%) 0 (0.0%) 3 3 (100%) 0 (0.0%) 3

10–19 34 (66.7%) 17 (33.3%) 51 49 (96.1%) 2 (3.9%) 51 50 (98.0%) 1 (2.0%) 51

20–29 74 (37.8%) 122 (62.2%) 196 166 (84.7%) 30 (15.3%) 196 190 (96.9%) 6 (3.1%) 196

30–39 120 (37.9%) 197 (62.1%) 317 272 (85.8%) 45 (14.2%) 317 308 (97.2%) 9 (2.8%) 317

40–49 59 (32.6%) 122 (67.4%) 181 132 (72.9%) 49 (27.1%) 181 179 (98.9%) 2 (1.1%) 181

50–59 20 (24.4%) 62 (75.6%) 82 80 (97.5%) 2 (2.5%) 82 75 (91.5%) 7 (8.5%) 82

60–69 11 (40.7% 16 (59.3%) 27 23 (85.2%) 4 (14.8%) 27 26 (96.3%) 1 (3.7%) 27)

70–79 6 (75.0%) 2 (25.0%) 8 7 (87.5%) 1 (13.5%) 8 8 (100%) 0 (0.0%) 8

80 +  4 (66.7%) 2 (33.3%) 6 6 (100%) 0 (0.0%) 6 6 (100%) 0 (0.0%) 6

Total(N) 306 (35.1%) 565 (64.9%) 871 699 (84.7%) 172 (19.8%) 871 720 (97.0%) 151 (17.3%) 871
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in tires and tin containers, which act as suitable habitats 
for Aedes species (Asaga Mac et al. 2022; Norman et al. 
2020; Ali et al. 2022; Carrillo-Hernández et al. 2018; Ola-
woyin and Kribs 2020; Otu et al. 2019; Iovine et al. 2017). 
Antibody seropositivity was particularly low in pregnant 
women with HIV infection. This could be explained by 
the strict adherence to antiretroviral medication and 
health-seeking behaviours among HIV-positive partici-
pants and the routine antenatal care during pregnancy 
because most of the study participants from the three 
regions were recruited from antiretroviral and antenatal 
units of tertiary healthcare centres.

The reasons for marked CHIKV seropositivity among 
malaria-positive and malaria-negative participants 
remain unclear. We do not know whether the presence 
of the malaria parasite reactivates or increases anti-
body seropositivity against CHIKV or whether CHIKV 
seropositivity increases or reactivates malaria infection 
(Oluwole et  al. 2022; Perkins et  al. 2016; Weaver and 
Lecuit 2015; Fauci and Morens 2016). Several studies 
have reported that concurrent or coinfection of malaria 
and arboviruses, especially in the tropics and subtropics, 
could increase seroprevalence rates (Norman et al. 2020; 
Furuya-Kanamori et al. 2016; Messina et al. 2016).

Serum samples from blood banks showed anti-
body  seropositive against CHIKV, ZIKV and CHIKV-
ZIKV cocirculating. This could be attributed to blood 
donation by asymptomatic individuals and the failure, 
lack and inability of regional health services or systems to 
diagnose and distinguish between malaria (most times, 
they screen for malaria but not arboviral infections) and 
other febrile illnesses.

Limitations
The findings of our study are significant given that the 
transmission and multifarious spread of ZIKV (fla-
viviruses) and CHIKV (alphaviruses) are not well-
documented in Nigeria. However, this study has 
several limitations. The cross-reactivity of IgG antibodies 
between flaviviruses and alphaviruses is well established 
and a confounding factor in serological studies investi-
gating the seropositivity of arboviruses. All samples that 
tested positive for ZIKV, CHIKV or both were classified 
as positive for flavivirus or alphavirus, respectively. Due 
to the large sample size, it was impractical to conduct 
additional testing using techniques such as the plaque 
reduction neutralization test (PRNT) or other seroneu-
tralization tests. In the present study, seropositivity for 
the two arboviruses was detected in the absence of anti-
bodies against other flaviviruses or alphaviruses. Conse-
quently, the antibody co-circulation of each of the two 
targeted arboviruses was confirmed.

The current study was tertiary hospital-based; 
thus, it did not accurately reflect the prevalence in 
the broader context of the Nigerian population. The 
COVID-19 pandemic posed a serious hindrance dur-
ing sample collection, and many participants refused 
to enrol due to fear of the infection and the stigma 
associated with it. In addition, we did not perform 
plaque reduction neutralization tests (PRNT) and 
PCR to confirm CHIKV and ZIKV, which may have 
resulted in false-negative or false-positive results due 
to cross-reactivity (www.mikrogen.de, n.d.). Some of 
the antibody seropositive results may be due to arbovi-
ral vaccines or cross-reactivity with other arboviruses, 
such as dengue, West Nile virus, O’nyong’nyong virus, 
yellow fever virus, and Japanese encephalitis  virus. 
Among the participants in the present study, there 
were more females than males, which may have led to 
bias and confounding other variables, as well as age.

Conclusion
This study revealed the high seropositivity and endemic-
ity of chikungunya, Zika, and chikungunya-Zika cocircu-
lation antibodies in various Nigerian communities. The 
co-circulation of chikungunya and Zika antibodies is a 
chance occurrence that has sparked alarm in all tropi-
cal and subtropical regions around the world, not only 
because of the difficulty of making an accurate clinical 
diagnosis but also because of possible epidemiological 
complications. Acute febrile syndrome is a common fea-
ture of several arboviral infections in Nigeria, especially 
when causing indistinguishable febrile illnesses, and it is 
treated as a common infection, such as malaria and bac-
terial or fungal infections. Therefore, there is an increas-
ing need to perform differential diagnosis in patients 
with acute febrile syndrome. This will assist clinicians 
and policymakers in designing and generating data, and 
implementing effective control measures.

Method
Study design and site
This was a cross-sectional study conducted in three 
university teaching hospitals located in three geo-
graphical regions of Nigeria, namely, the Federal Med-
ical Centre, Keffi, located in Nasarawa State, Central 
Nigeria; Abia State University Teaching Hospital, Aba, 
located in Southern Nigeria; and Baru-Diko Teaching 
Hospital, Kaduna, located in Northern Nigeria (Fig. 4) 
(Asaga Mac et al. 2022). It is estimated that more than 
30 million people live in these regions. Approximately 
45 percent of the population lives in urban areas, 40 
percent in rural areas, and 15 percent in slums or 
informal settlements (Asaga Mac et  al. 2022; Masika 
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et  al. 2022). In these areas, the average annual tem-
perature ranges from 21 to 27°C, whereas in the inte-
rior lowlands, temperatures are generally above 27°C. 
The average annual precipitation level is 1,165.0  mm 
(Asaga Mac et  al. 2022; Masika et  al. 2022; Carrillo-
Hernández et al. 2018; Olawoyin and Kribs 2020; Otu 
et  al. 2019). In most parts of southern and central 
Nigeria, rainfall occurs throughout the year, with most 
rainfall occurring between April and October and 
minimal rainfall occurring between November and 
March in the north. The main occupations comprise 
formal and informal sectors, such as farming, trading, 
artisans, and career civil servants.

Study population
The study population included all outpatients, pregnant 
women who enrolled for antenatal care and patients pre-
senting with illness at the rapid-access healthcare and 
antiretroviral (people living with AIDS) units of the hospi-
tals between December 2020 and November 2021 (Asaga 
Mac et  al. 2022). These hospitals were purposefully 
selected to reflect diversity in terms of culture, religion, 
ethnicity, ecology, topographical and vegetation features, 
and different human activities. Inclusion criteria were all 
outpatients within an age range of 0 months to 80 years 
who agreed to participate in the study and signed the con-
sent form, including children whose parents or guardians 
gave consent, while exclusion criteria were participants 
who were already undergoing treatment for malaria, those 
who refused to sign the consent form and seriously ill 
patients who were hospitalized (Asaga Mac et al. 2022).

A clinical research form (structured questionnaire) 
was used to obtain information that included ques-
tions on demographics, medical history, vital signs and 
symptoms, clinical evaluation, data on hospitalization, 
and a summary form. All study subjects were screened 
for malaria- and chikungunya-Zika-related symp-
toms (Table  1) (fever, headaches, rashes, joint pain, 
conjunctivitis and muscular pain). Detailed protocol 
information was made available and fully explained to 
the participants in English and their respective local 

languages before enrolment. The study participants 
signed an informed consent form after enrollment. Par-
ticipants who could not read and write were asked to 
provide verbal consent and then to thumbprint, indi-
cating that they were willing to participate in the study.

Total number of samples collected
The sample size calculation (based on a 40% expected pro-
portion of CHIKV and ZIKV infections in a total popula-
tion of five hundred thousand patients with a confidence 
interval of 95% and accepted error of 5%), (https://​select-​
stati​stics.​co.​uk/​calcu​lators/​confi​dence-​inter​val-​calcu​lator-​
popul​ation-​mean/), showed a minimum sample size of 
384 serum samples, which we increased to 871 (including 
those from the blood bank) samples to be able to analyse 
subgroups according to regions (Asaga Mac et al. 2022).

Venous blood (5 mL) was collected from each partici-
pant. Additionally, a local clinical diagnostic laboratory 
technician (located in the hospital who collected patient 
blood samples daily) collected 110 blood samples along 
with the clinical history from the blood banks of the 
three hospitals. We tested all serum samples at the study 
site for malaria parasites using a rapid antigen test kit 
(SD BIOLINE Malaria Differential P.f/Pan Ag RDT (HRP 
II + pLDH, Abbott, USA), according to the manufactur-
er’s instructions. In summary, 5 µL  blood sample was 
transferred into the sample well using the appropriate 
device included in the kit, and five drops of lysis buffer 
were added to the buffer well. The results were read visu-
ally after 15–20 min (Asaga Mac et al. 2022). The samples 
were then shipped on dry ice to the Institute of Virology 
in Freiburg, Germany, for molecular diagnostic analysis. 
The samples were stored at -20°C in preparation for test-
ing for chikungunya and Zika antibodies.

Laboratory analysis
For CHIKV and ZIKV, analyses were performed using the 
immunoblot assay recomLine Tropical Fever for the pres-
ence of the arboviral antibody serological marker IgG 
immunoblot (Mikrogen Diagnostik, Neuried, Germany) 
with ZIKV Nonstructural protein 1 (NS 1), ZIKV Equad 
(variant of the envelope protein with designated muta-
tions to increase specificity), and CHIKV virus-like particle 
(VLP) according to the manufacturer’s instructions (Rod-
riguez-Morales AJ, et  al 2016). The test is highly specific 
because of targeted mutations (specificity and sensitivity 
for CHIKV 100%; for ZIKV differentiation from other fla-
viviruses, 100% sensitivity and specificity for presumptive 
nonendemic areas, employing WHO-approved guidelines) 
(Rodriguez-Morales AJ, et al 2016). In summary, a test strip 
loaded with CHIKV and ZIKV antigens was incubated with 
diluted serum in a dish for 1 h. The cells were then washed 
three times. Peroxidase-conjugated anti-human antibodies 

Fig. 4  Blood product source seropositivity

https://select-statistics.co.uk/calculators/confidence-interval-calculator-population-mean/
https://select-statistics.co.uk/calculators/confidence-interval-calculator-population-mean/
https://select-statistics.co.uk/calculators/confidence-interval-calculator-population-mean/
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(IgG-specific) were added and incubated for 45  min. The 
cells were then washed three times. A coloring solution was 
added after 8 min, and insoluble colored bands developed 
at the sites occupied by antibodies on the test strips (Rodri-
guez-Morales AJ, et al 2016).

Arbovirus diagnostic serology interpretation
Due to mild and nonspecific symptoms, serological tests 
are essential for epidemiological investigations. However, 
these serological test interpretations may be hampered 
by notorious cross-reactive antibodies of flaviviruses and 
alphaviruses. Therefore, the interpretation of the test 
results in the present study may be reported as flavivi-
rus seropositive for ZIKV and alphavirus seropositive for 
CHIKV.

Statistical tests
Statistical analyses were performed using SPSS V. 28. 
Descriptive statistics were employed for the analysis of 
results, and we tested for associations between demograph-
ics and CHIKV and ZIKV antibody seropositivity, with the 
results deemed statistically significant at a p value ≤ 0.05, 
and odds ratios (OR) at a confidence interval (CI) of 95%.
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