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Abstract  Background: Chikungunya is an emerging global threat because of the unprecedented magnitude of its 
spread and highly debilitating disease. Objective: This study was informed by the need to use serological methods 
to unmask the chikungunya virus (CHIKV) from suspected malaria patients. Methodology: The ELISA IgM and 
PRNT90 (nAb) were used to assess the presence of CHIKV antibodies. Findings: Of 530 patients, 129 (24.3%) had 
CHIKV IgM, 199 (37.5%) neutralizing antibody (nAb) and 23 (4.3%) IgM + nAb. Only 4.3% of the patients and 
43.9% of the IgM negatives had CHIKV nAb indicating acute and past infections respectively. Of 200 patients from 
Adamawa State, 6.5%, 42.5%, and 3.5% were CHIKV IgM, nAb, and IgM + nAb respectively. In Borno State, 47.0% 
were IgM, 49.0% nAb and 4.5% were IgM+ nAb . Of 130 samples from Bauchi State, 72.3% had IgM, 16 (12.3%) 
nAb, and 5.4% IgM + nAb. CHIKV infections in Bauchi and Borno were significantly higher than in Adamawa but 
residents of the three states are at risk. This study also detected co-infections between CHIKV and flaviviruses at 
varied degrees: dengue viruses (DENV) (17.7%), Zika virus (ZIKV) (1.5%, West Nile virus (WNV) (4.0%), and 
yellow fever virus (YFV) (1.3%). The type of settlement, gender, age, and yellow fever vaccination status of the 
patients were not significantly associated with CHIKV nAb. However, patients aged >60 years were more likely to 
have experienced CHIKV infections than younger age groups. CHIKV nAb and samples collected 1-7 days after the 
onset of symptoms were significantly different from those within 7-10 days. CHIKV nAb among recipients of anti-
malaria anti/antibiotics treatments and those untreated were significantly associated. Conclusion: The persistent 
misdiagnosis of CHIKV infections poses a global public health threat in the phase of climate change if unchecked. 
Misuse of antibiotics/antimalaria could lead to antimicrobial resistance 
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Introduction 

Chikungunya, an arboviral disease caused by the 
chikungunya virus (CHIKV), was first described in 
Tanzania in 1952 [1] and it later caused outbreaks in Asia 
and Africa. In 2004, CHIKV spread to India and several 
islands in the Indian Ocean, causing major outbreaks that 
affected more than 1 million people and has now spread to 
non-endemic regions including the Americas and Europe 
[2]. The word “chikungunya” was derived from the 
Tanzanian language ‘Kimakonde’ which means ‘to 
become contorted’ [1]. CHIKV is a single-stranded 
positive RNA virus that belongs to the Alphavirus genus 

and family Togaviridae. It is transmitted by Aedes in 
urban and sylvatic cycles [3,4]. The symptoms of CHIKV 
infections range from non-specific but malaria-like ( fever, 
headache, muscle pain, joint swelling, or rash) to more 
debilitating musculoskeletal symptoms [4]. The atypical 
symptoms of malaria and arbovirus infections at the initial 
phase often facilitate misdiagnosis [5]. This situation is 
further worsened by the lack of access to appropriate 
diagnostic facilities for differential diagnosis of febrile 
illness and co-infections [6,7,8]. Interestingly, CHIKV 
was first reported in Nigeria in 1964 and most recent 
studies [8,9,10,11] in Nigeria used non-species-specific 
ELISA-based techniques according to previous reports 
[11,12]. IgM tests detect CHIKV with a 100% accuracy 
rate for samples taken more than 6 days of symptom onset 
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[6,7,13]. In the CDC algorithm, PRNT is required to 
confirm a positive IgM test in diagnosing CHIKV disease 
because of its high specificity [11,14,15]. This study 
aimed at using a more species-specific serological method 
to unmask CHIKV infections from suspected malaria 
patients.  

Materials and Methods 

Study Area 
Nigeria is a West African country with a population of 

more than 200 million and covers an area of 923,769 
square kilometers (356,669 square mi). North-eastern 
Nigeria is one of the six geopolitical zones and comprises 
Adamawa, Bauchi, Borno, Gombe, Taraba and Yobe 
states. The simple random sampling technique was used to 
select three health institutions: Federal Medical Centre 
(FMC), Adamawa state, Abubakar Tafawa Balewa 
University Teaching Hospital (ATBUTH), Bauchi State 
and Specialist Hospital, Borno State (Figure 1).  

 
Figure 1.Map of Nigeria with indicated states and collection sites (green) 

 
Figure 2. Distribution of Chikungunya virus antibodies in three 
northeastern states, Nigeria 

Population and sample collection 
A total of 538 malaria-suspected patients who visited 

the selected hospitals to request malaria tests were 
recruited. The socio-demographic characteristics of the 
study participants were collected using a structured 
questionnaire. The study was conducted between April 
and August 2018. The serum was collected into sterile 
cryovials and stored at -20°C until transported to the 
virology laboratory at, the University of Maiduguri 
Teaching Hospital (UMTH). Each of the 530 serum 
samples was tested for CHIKV, DENV, YFV, ZIKV and 

WNV by PRNT90 while ELISA IgM was used for CHIKV 
only. 

Qualitative CHIKV IgM ELISA (Diagnostic 
Automation/Cortez Diagnostics, Inc., Accu Diag TM 
Chikungunya IgM ELISA Kit USA, code: 8113-25, 
specificity of 100% and sensitivity of 90.9%). The assay 
was performed according to the manufacturer’s 
instructions.  

Plaque reduction neutralization test (PRNT) 
The PRNT was performed as previously described for 

the Yellow fever virus (17). Each serum sample was 
inactivated at 56°C for 30 minutes and stored at -80 °C. 
Vero E6 cells were grown in Eagle’s Minimum Essential 
Medium (EMEM) supplemented with 10% fetal bovine 
serum, 2 mM glutamine, 2% Penicillin/Streptomycin, 1 % 
HEPES and 2.5 % sodium bicarbonate. The cells were 
seeded in 24-well plates at a density of 1 x 105 cells/ well 
and incubated at 37°C for 24-48 hours or until the 
confluency reached 70-80%. Each serum sample was 
diluted 1:8 with in-house diluent (IHD) prepared in PBS 
containing Penicillin/Streptomycin (PS), Gentamycin and 
Fungizone supplements. PS preparation involved 
dissolving 1gm Penicillin G (1X 106 units) and 1 gm 
Streptomycin sulfate (10µg/ml) in 100 ml of PBS to 
obtain the stock PS. Then 10 ml of the stock PS was added 
to 35 ml of PBS. 500µl of Gentamycin (80mg/2ml) 
diluted 1/100 and 0.02% of Fungizone (2.5µg/ml) were 
added to the 35 ml of PBS to make the IHD. About 100µl 
CHIK virus stock (obtained from Molecular Virology 
Laboratory, International Centre for Genetic Engineering 
and Biotechnology- ICGEB, Trieste, Italy) at a 
concentration of 100 PFU/ml was added to 100µl of the 
diluted serum and incubated at 37 °C for 1 hour. Each 
serum dilution–virus mixture was prepared in duplicate 
and three controls including a virus dose control (100 PFU 
virus plus cells and diluent), a cell control (diluent and 
cells only), and serum  control (serum plus diluent and  
cells) were tested simultaneously. Each serum was tested 
against CHIKV, zika virus, dengue viruses, West Nile 
virus, and yellow fever virus. After incubation at 37°C for 
1 hour, the 50 µl virus-serum mixture was added to Vero 
cells and incubated for 1 hour at 37°C. The plates were 
rocked gently every 15 minutes for uniform distribution of 
the inoculum. Different concentrations of overlay medium 
(Carboxyl methylcellulose (CMC) salt (Low viscosity) 
(Sigma) was tested to determine the best consistency. The 
overlay medium consisted of an equal volume of 10%, 
12%, and 14 %% CMC with EMEM supplemented with 4% 
fetal bovine serum (FBS) (the resultant concentration of 
the FBS became 2% while that of CMC was 5%, 6% and 
7% respectively). The best consistency was 6%. 1 ml of 
the 6% CMC ( overlay medium) was added to each of the 
24 wells and incubated at 37°C for 3-7 days. After 
removing the overlay medium, 500µl of formaldehyde 
solution (37.0-40.0% ) diluted in 1:10 with PBS was 
added to each well for 30 minutes and stained with 500 ul 
of 0.5% crystal violet (Sigma) for 20-30 minutes after 
removing the formaldehyde. The percentage of plaque 
reduction by the specific antibody in the serum was 
calculated using the formula: 100-(Number of plaques in 
sample/Number of plaques in control) x 100. The validity 
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of the test was determined by the virus control ( cells + 
medium  + virus) having a minimum of 50 plaques and 
cell control (Cell + medium ) and serum control  (Cells + 
serum + medium) with no plaques at all. The PRNT titer 
was defined as the reciprocal of the test  serum dilution 
that reduced the number of plaques by 90% (PRNT90) 
[17,18].  

Statistical Analysis 

The data was analyzed using Statistical Product and 
Service Solutions (SPSS), Version 25.0, from IBM SPSS. 
Age groups and occupations were compared using the 
Pearson χ2 or Fisher’s exact test for categorical variables 
when the expected count was less than 5. Binary Logistic 
Regression in SPSS was used to obtain odds ratio and 
confidence intervals for different associations. The fitness 
of the model to correctly predict the PRNT results by the 
independent variables was tested and found significant 
using the Omnibus test of model coefficient and 
insignificant with the Hosmer and Lemeshow test. Overall, 
the percentage accuracy in the classification was 87% with 
100% specificity but 0% sensitivity.  

Results 

CHIKV infections in three northeastern 
states of Nigeria 

Of 530 patients tested, 129 (24.3%) had CHIKV IgM , 
199 (37.5%) nAb and 23 (4.3%) IgM + nAb. Of 401 IgM 
negative patients, 176 (43.9%) had CHIKV nAb in the 
three states (Fig. 2). Of 200 patients from Adamawa State, 
13 (6.5%), 85 (42.5%) and 7(3.5%) were CHIKV IgM, 
nAb and IgM+nAb respectively. Of 200 patients from 
Borno State, 94 (47.0%) were IgM and 98 (49.0%) nAb 
while 7(4.5%) had both IgM +nAb. Of 130 samples from 
Bauchi State, their CHIKV antibodies were 94 (72.3%) 
IgM, and 16 (12.3%) nAb as well as 7 (5.4%) IgM +nAb 
(Supplementary table). CHIKV nAb in Bauchi (χ2= 
48.905, df=1, p = 0.001, OR= 0.228, Cl=0.139-0.373) and 
Borno (χ2= 16.262, df=1, p = 0.001, OR=1.559, 
CL=1.259-1.931) were significantly higher than Adamawa 
(χ2= 4.867, df=1, p = 0.032, OR-1.289Cl= 1.031-1.612) 
(Table 2).  

Distribution of CHIKV infections among 
rural and urban dwellers  

Of the 530 patients studied, 80 (15.1% ) and 380 
(71.7% ) were rural and urban dwellers respectively. 
However, 70 (13.2%) did not disclose their settlement 
status. Of 380 urban dwellers, 96 (25.3%) had CHIKV 
IgM, 138 (12.1%) nAb and 1 (3.2%) IgM + nAb. 
Similarly, 17(21.3%, 31(20.2%) and 19 (1.4%) rural 
dwellers had CHIKV IgM and nAb and IgM+nAb 
respectively. Of 70 undisclosed settlement status, 16 
(22.9%) were IgM, 30 (13.5%) nAb, and 3 (4.1%) IgM + 
nAb (Table 1). The type of settlement and CHIKV nAb  
 

were not significantly different (χ2=0.486, df=1, p=0.486, 
OR=1.112 Cl=0.846-1.463) (Table 2).  

Table 1. The distribution of Chikungunya virus antibodies among 
urban and rural dwellers 

Settlement Total Tested 
No. Positive 

CHIKV 
IgM (%) 

CHIKV 
nAb (%) 

IgM +nAb + 
(%) 

Rural 80 17 (21.3) 31 (20.2) 1 (3.2) 
Urban 380 96 (25.3) 138 (12.1) 19 (1.4) 

Not 
disclosed 70 16 (22.9) 30 (13.5) 3 (4.1) 

Total 530 129 
(24.3) 199 (18.7) 23 (4.3) 

Age distribution of CHIKV virus antibodies 
among febrile patients in northeastern, 
Nigeria 

Among patients aged 1-14 years , 16 (26.6%), 25 
(38.5%) and 1(1.5%) had CHIKV IgM, nAb and IgM 
+nAb respectively. Within patients aged 15-29years, 39 
(20.4%) were IgM, 71(37.2%) nAb and 8 (4.2%) IgM 
+nAb. For 30-45 age groups, 55 (28.2%), 75(38.5%) and 
12 (6.2%) were IgM, nAb and IgM +nAb respectively. Of 
patients aged 46-60 years, 15 (25.4%) had IgM, 18 (30.5%) 
nAb) and 1 (1.7%) IgM +nAb. Among patients aged 60 
years and above, 4 (20.0%) IgM, 10 (50.0%) nAb, and 
1(5.0%) IgM nAb were obtained (Table 3). Although, the 
ages of the patients were not significantly associated with 
CHIKV nAb (χ2=1.244, df=1, p=0.348), patients aged >60 
years were more likely to have experienced CHIV 
infections than younger age groups studied (OR=1.623, 
Cl= 0.688-3.830) (Table 2). 

Gender and occupational distribution of 
CHIKV infections  

Of 244 males tested, 62 (25.4%), 94 (38.5%) and 14 
(5.7%) had CHIKV IgM, nAb and IgM +nAb respectively. 
Among 280 females, 67 (23.9%) were IgM, 105(37.5%) 
nAb and 9(3.2%) IgM+nAb. CHIKV antibody was high 
among students, housewives and civil servants but least 
among retirees (Supplementary file). Gender and 
occupation were not significantly associated with CHIKV 
nAb (P> 0.05) (Table 2).  

 
Figure 3. Chikungunya virus antibodies at different intervals between 
the onset of symptoms and sample collection  
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Distribution of CHIKV Infection Rates 
According to the Intervals Within Which 
Samples Were Collected After the Onset 
of Symptoms 

Of 387 samples collected 1-7 days after the onset of 
symptoms,79 ( 20.4%), 160 (41.3%), and 17 (4.4%) were 
CHIKV IgM, nAb and IgM +nAb respectively. Among 
133 samples collected within 7-10 days, 30 (30.1%) were 
IgM, 39 (29.3%) nAb and 6 (4.5%) IgM +nAb (Figure 3). 
CHIKV nAb and samples collected 1-7 days after the 
onset of symptoms were significantly higher (χ2=8.546, 
df=1, p = 0.004) than 7-10 (OR=1.170, Cl=1.058-1.294) 
(Table 2).  

Distribution of CHIKV Infections Among 
Patients who Received 
Antimalaria/Antibiotic Treatment Before 
Performing Laboratory Tests for Malaria 
Parasites 

Of 315 patients who received antimalaria/antibiotics 
treatments, 41(13.0%) and 131 (41.6%) had CHIKV IgM 
and nAb respectively. Of 204 untreated patients, 77 

(37.7%) had CHIKVIgM and 67(32.8% ) nAb (Figure 4). 
CHIKV was significantly associated with 
antibiotics/antimalaria treatments [χ2= 4.988, df=1 
p=0.026, OR=1.177, Cl=1.023-1.353] (Table 2). 

Co-infections Between CHIKV and Some 
Flaviviruses 

Of 199 samples with CHIK nAb, 17.7%, 1.5%, 4.0% 
and 1.3% also neutralized 90-100% infectivity of DENV, 
ZIKV, WNV and YFV respectively (Supplementary file). 

 
Figure 4. Distribution of West Nile virus antibodies among patients who 
were treated with antibiotics/antimalaria  

Table 2. Logistic Regression tables for all the independent variables 

 
Variables 

 
β 

Standard 
Error(β) 

P-value 
(β) 

 
χ2-value P-value (χ2) Odd Ratio 

(OR) 
C.I 

Lower 
C.I 

Upper 
State 

Adamawa 0.409 0.186 0.028 4.867 0.032 1.289 1.031 1.612 
Bauchi -1.831 0.286 <0.001 48.905 <0.001 0.228 0.139 0.373 
Borno 0.743 0.186 <0.001 16.262 <0.001 1.559 1.259 1.931 

Sex 
Male -0.082 0.181 0.651 0.205 0.653 1.045 0.864 1.263 

Female - - - - - 0.963 0.817 1.135 
Settlement 

Rural 0.150 0.198 0.447 0.578 0.447 1.112 0.846 1.463 
Urban - - - - - 0.957 0.854 1.073 

Interval 
1-7days -0.624 0.215 0.004 8.546 0.002 1.170 1.058 1.294 
7-10days - - - - - 0.627 0.453 0.867 

Treatment 
Treated -0.420 0.189 0.026 4.988 0.026 1.177 1.023 1.353 

Untreated - - - - - 0.773 0.613 0.975 
YF-Vaccination 

Vaccinated -0.113 0.209 0.587 0.295 0.601 1.089 0.801 1.482 
Unvaccinated - - - - - 0.973 0.879 1.077 

Age (Yrs.) 
1-14 -0.016 0.273 0.952 0.004 0.527 1.014 0.636 1.619 

15-29 0.024 0.188 0.900 0.016 0.488 0.985 0.778 1.247 
30-45 -0.063 0.187 0.736 0.114 0.403 1.040 0.827 1.309 
46-60 0.323 0.300 0.283 1.161 0.176 0.749 0.441 1.273 
>60 -0.504 0.457 0.269 1.244 0.188 1.623 0.688 3.830 

Occupation - - - 12.387 0.089 - - - 

Yellow Fever Vaccination Status of Patients 
and the Distribution of CHIKV 
Antibodies 

The YF vaccination status in Adamawa state was higher 
at 53.5% than in Bauchi at 6.2%. and Borno with 7.5% 

(Supplementary file). In the three states, only 130 (24.5%) 
patients received YF vaccination as against the majority 
(75.5%) who did not. Among the vaccinated, 18 (13.8%) 
had CHIKV IgM and 51(39.2%) with nAb. Among the 
unvaccinated, 111( 27.8%) and 148 (37.0%) had CHIKV 
IgM and nAb respectively (Table 4). CHIKV nAb was not 
significantly associated with the YF vaccination status 
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[χ2= 0.295, df=1, p=0.601, OR=1.089, Cl=0.801-1.482] 
(Table 2). 

Table 3. Age distribution of Chikungunya virus antibodies among 
malaria-suspected patients in three northeastern states in Nigeria 

Age group 
(years) 

Total 
tested 

No. positive 

CHIKV 
IgM+ (%) 

CHIKV 
nAb  

(PRNT) 
(%) 

CHIKV 
IgM+/PRNT+ 

(%) 

1-14 65 16 (26.6) 25 (38.5) 1 (1.5) 
15-29 191 39 (20.4) 71(37.2) 8 (4.2) 
30-45 195 55 (28.2) 75 (38.5) 12 (6.2) 
46-60 59 15 (25.4) 18 (30.5) 1(1.7) 
>60 20 4 (20.0) 10 (50.0) 1 (5.0) 

Total 530 129 (24.3) 199 (37.5) 23 (4.3) 

Table 4. Chikungunya virus antibodies and Yellow Fever 
vaccination status of the patients 

Yellow 
Vaccination 

status 

Total 
Tested 

No. Positive 

CHIKV 
IgM (%) 

CHIKV 
nAb (%) 

IgM 
+nAb  
(%) 

Vaccination 130 (24.5) 18(13.8) 51 (39.2) 6 (4.6) 

No vaccination 400 (75.5) 111 (27.8) 148 
(37.0) 17 (4.3) 

Total 530 129 (24.3) 199 
(37.5) 23 (4.3) 

Discussion 

CHIKV infections can be confirmed serologically by 
the presence of virus-specific IgM and or neutralizing 
antibodies (nAb) in a single serum sample during the 
acute and/or convalescent stage of infection [1,19,20]. 
PRNT-positive results serve as a mark of protection 
against reinfection [11,12,15,21,22], quantify the antibody 
and show its effectiveness on the virus [18]. The use of a 
higher stringent endpoint titer of 90% in PRNT provides 
greater species specificity than low titres [18]. In this 
study, only diluted sera with a plaque count of ≤ 5 against 
the control well of 40-50 was considered positive. 

The ability of 4.5% of IgM positives to neutralize 90-
100% of CHIKV infectivity, indicated recent infections in 
consistence with previous reports [19,23]. A higher 
number of patients (37.5%) with nAb indicated both 
recent and past CHIKV infections. CHIKV infections in 
the three states were significantly different (Figure 2, 
Table 2) as they differ in terms of vegetation, climatic 
conditions and enzootic interaction which impact vector 
competence and transmission of arboviruses [20,24,25]. 
The seroprevalence rates of 24.3 % CHIKV IgM and  
37.5% nAb in this study were slightly lower than 26.7% 
IgM and 46.1% nAb in a previous study in Nigeria [26]. 
The difference could be attributed to the source of data, 
study periods and areas covered. CHIKV IgM of 6.5% and 
11.0% were obtained in Borno State in 2017 [25] and this 
study (2018) respectively. The difference in the 
seroprevalence rates could be due to the type and source 
of the ELISA kits used. Furthermore, CHIKV IgM  
of 5.8% obtained in Kogi State, northcentral Nigeria [8] 
was significantly lower than what was obtained in Bauchi  
 
 

(72.3%) and Borno (11.0%) states in this study. We 
speculate that different climatic conditions and vegetations 
of Kogi, Bauchi and Borno are contributory factors.  

In this study, CHIKV nAb and settlements, gender as 
well as the occupation of the patients were not 
significantly different. Probably in Nigeria, the mosquito 
vector does not discriminate between settlements, gender, 
and occupation in its quest for a blood meal. Although the 
age of the patients and CHIKV nAb were not significantly 
associated, patients aged ≤ 60 years were more likely to 
have experienced CHIKV infections than the younger age 
groups (Table 2 and Table 3). Our findings corroborated 
with other studies in Nigeria [25], India [27] Singapore 
[28] and Malaysia [29], but contrasted with studies in 
India [30] and Tanzania [31]. We speculate that the 
degenerated immune functions and sedentary lifestyles of 
the elderly population could be a risk factor for CHIKV 
infections.  

We observed that CHIKV nAb obtained from samples 
collected between 1-7 days were significantly different 
from those within 7-10 (Figure 3,Table 2). The timing of 
sample collection and the purpose of the testing influences 
the choice of the assay for a better diagnostic outcome. 
The presence of CHIKV nAb and recipients of 
antibiotic/antimalaria treatments were significantly 
different ( Figure 4, Table 2). The heavy burden of 
malaria/typhoid in Nigeria necessitates the frequent use of 
antibiotics/antimalaria. Possibly, many misdiagnosed 
CHIKV patients must have been treated with these drugs. 
It is not clear whether these drugs actually inhibit the 
progression of CHIKV infections or not. However, the 
ability of doxycycline to strongly inhibit the replication of 
CHIKV in Vero cell line has been demonstrated [32]. 
Further studies are necessary to determine the effects of 
these drugs on CHIKV. Importantly, irrational use of 
these drugs could contribute to the global antimicrobial 
resistance burden.  

This study detected co-infections between CHIKV and 
flaviviruses at varied degree: DENV (17.7%), Zika virus 
(ZIKV) (1.5%, WNV (4.0%), and YFV (1.3%) 
(Supplementary file) in agreement with other studies (33–
35). Aside from individual host being coinfected with 
more than one virus at different times, the same mosquito 
vector is capable of transmitting four viruses (CHIKV, 
DENV, YFV and ZIKV) simultaneously [36]. The 
capability of CHIKV-nAb to neutralize flaviviruses is a 
mark of protection against reinfection by the co-infected 
viruses in agreement with previous reports [22,37]. 
CHIKV nAb was not significantly associated with the YF 
vaccination status probably because both viruses belong to 
different virus families: CHIKV and YFV belong to 
Alphaviridae and Flaviviridae respectively. 

The limitations of this study include our inability to 
perform multiple PRNT on various dilutions of CHIKV-
positive sera and co-infecting flaviviruses due to an 
insufficient quantity of samples. Additionally, the high 
cost of the reagents prevented us from performing more 
useful analysis such as qRTPCR. We are unable to 
conclude that there was no cross- reactivity with other 
alphaviruses although the utilization of PRNT90 may limit 
this potential.  
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Conclusion 

ELISA IgM and PRNT were used to unmask CHIKV 
infections from febrile patients suspected of malaria in 
Adamawa, Bauchi and Borno states at different prevalence 
rates. The species specificity of PRNT90 allowed the 
discrimination between infections with CHIKV and 
Flaviviruses. Both acute and past infections were detected. 
Treatment with anti-malaria /antibiotics and CHIKV nAb 
were significantly associated. Samples collected within 1-
7 days are likely to yield more nAb than 7-10 days. The 
elderly (≥ 60 years) patients were more likely to have 
experienced more CHIKV infections than the younger 
ones. Co-infections of CHIKV and some Flaviviruses 
have been detected. Yellow Fever vaccination status, 
gender, settlements and CHIKV nAb were not 
significantly different.  

This study has highlighted the prevalence of CHIKV 
being commonly masked by malaria which is also 
hyperendemic in Nigeria. Lack of access to appropriate 
diagnostics for CHIKV as opposed to malaria limits its 
detection in the country. The study also demonstrated the 
risk areas to be considered for the future management of 
the CHIKV infections. However, additional work is 
required to support the findings of this study with the view 
to providing more detailed evidence base information for 
improved public health with respect to CHIKV infections 
and disease prevention strategies. 
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