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Abstract

The atypical symptoms of malaria and West Nile virus (WNV) infections at the initial phase could leverage their misdiagnosis. This study 
randomly recruited 600 malaria-suspected febrile patients who visited selected health institutions in Adamawa, Bauchi, and Borno states for 
malaria tests. These patients were tested for IgM by ELISA and plaque reduction neutralization (PRNT90). About 46.7% and 16.5% had WNV IgM 
and neutralizing antibody (nAb) respectively. Only 6.3% of the patients with IgM and 17.2% of the IgM negatives had WNV nAb indicating acute 
and past infections respectively. WNV nAb in Adamawa and Bauchi states was significant different from that of Borno while the residents of Bauchi 
were more likely to have experienced more WNV infections than the other states. No significant difference was observed between WNV nAb and 
age, gender , settlement and occupation of the patients. However, patients ≥ 60 years old and rural dwellers were more likely to have experienced 
WNV infections than others. Serum samples collected 7-10 days after onset of symptoms are more likely to yield nAb than 1-7days. Similarly, WNV 
nAb and patients who received antibiotics/antimalaria treatments and Yellow Fever vaccines before sample collection were significantly different. 
About 96.3% of WNV nAb also neutralized one or more related flaviviruses at varying degrees: dengue virus (DENV) (95%), yellow fever virus (YFV) 
(12.3%) and Zika virus (11.10%), indicating co-infections. Also, 59.3% of the patients tested were co-infected with chikungunya virus while only 
3.7% which neither cross-reacted with related flaviviruses nor CHIKV were most probably monotypic infections.

The persistent misdiagnosis of WNV infections poses a global public health threat to both humans and animals in the phase of climate change if 
unchecked and underscores the need for differential diagnosis of febrile illness for Flaviviruses in Nigeria.

Keywords: West Nile virus, ELISA IgM, Neutralizing antibody, PRNT90, Flaviviruses, Febrile illness, Malaria, co-infections, Monotypic infections, 
Nigeria

Abbreviations: WHO: World Health Organization; FMC: Federal Medical Center; ATBUTH : Abubakar Tafawa Balewa University of Maiduguri 
Teaching Hospital; Bauchi; SSH: Specialist State Hospital; UMTH: University of Maiduguri Teaching Hospital; nAb: Neutralizing antibody; PRNT: Plaque 
reduction neutralizing antibody test; IgM: Immunoglobulin M antibody; IgG: Immunoglobulin G antibody; ELISA: Enzyme-Linked Immunosorbent 
assay; EMEM: Earle’s Minimum Essential Medium; IHD: In-house Dilution; ICGEB: International Center for Genetic Engineering and Biotechnology; 
DENV: Dengue virus; YFV: Yellow Fever Virus; WNV: West Nile virus; CHKV: Chikungunya virus; WNVF: West Nile virus fever; WNVE: West Nile virus 
encephalitis; IDP: Internally Displaced persons; PBS: Phosphate buffered saline; OD: Optical density; OR: Odd ratio.

WWW.biomedgrid.com
WWW.biomedgrid.com
https://dx.doi.org/10.34297/AJBSR.2025.25.003327


American Journal of Biomedical Science & Research 348

Introduction
West Nile Virus (WNV), a mosquito-borne virus was first isolat-

ed from a febrile illness case in Uganda in 1937 [1]. Thereafter, the 
virus caused infrequent outbreaks from 1950s through the 1980s 
in Israel, Egypt, India, France, and South Africa [2-4]. Outbreaks of 
WNV infections increased in frequency, severity, and geographical 
spread from the mid-1990s. In 1996, outbreaks of WNV meningitis 
and encephalitis involving adults primarily hit Bucharest and Ro-
mania but in Volograd and Russia in 1999 and Israel in 2000 [5]. 
It crossed the Atlantic and invaded the Western hemisphere caus-
ing encephalitis in New York City and within three years, the virus 
spread to most contiguous United States of America and neighbor-
ing countries of Canada and Mexico [6].The circulation of WNV in 
northern and sub-Saharan Africa throughout the late 20th and ear-
ly 21st century led to outbreaks in Algeria, Morocco, Tunisia, the 
Democratic Republic of the Congo, and South Africa, along with spo-
radic cases and seropositivity in humans and/or horses distributed 
throughout the continent [7-9]. In 2010 and 2012, WNV outbreaks 
occurred in Morocco and Tunisia respectively and persistent spo-
radic transmissions were reported in Egypt and Algeria [7,10-12].

WNV belongs to the genus: Flavivirus, family: Flaviviridae, and 
member of the Japanese Encephalitis virus serocomplex [13,14]. 
It expands its range to new geographic areas mainly through mi-
gratory birds [15], globalization, land use, and travel [16]. WNV 
is maintained in a zoonotic transmission cycle between birds and 
insect vectors (mosquitoes -Culex and Aedes species). Some spe-
cies of ticks (Ornithodoros moubata and Ixodes ricinus) may act as 
reservoirs of WNV [17] but not yet established vectors. Many oth-
er vertebrates (reptiles, amphibians, and mammals) are also sus-
ceptible but humans and horses are dead-end hosts [18] because 
they are unable to transmit the virus to mosquitoes after being in-
fected [15]. However, transmission through contact with infected 
animals/birds, their blood, or other tissues, organ transplantation, 
blood transfusions, breast milk, and transplacental routes have 
been reported [1].

Whilst 80% of WNV infections are asymptomatic, 20-30%%  

 
are mild infections characterized by non-specific Flu-like or ma-
laria-like symptoms classified as West Nile virus fever (WNVF) 
[19,20]. Less than 1% patients with WNVF could develop neuro-
invasive disease characterized by meningitis (WNVM) and/or en-
cephalitis(WNVE) [19,21]. The first WNV-associated neuroinvasive 
disease was reported among the elderly in Israel in 1957 [4,22] and 
subsequently in adults and pediatrics [2,3]. Overall, the most com-
mon neurological manifestations in WNV infections include menin 
 
gitis, encephalitis and acute flaccid paralysis [23]. According to the 
latest WHO data published in 2020, encephalitis deaths in Nigeria 
has reached 937 or 0,06% of the total deaths [24]. However, due 
to lack of surveillance in Nigeria, the role of WNV in neurological 
diseases is not yet known but few studies have reported the cir-
culation of WNV from febrile illness cases in the country [25,26]. 
Although WNV and malaria are transmitted by different species 
of mosquitoes, the initial clinical phase of WNV infections mimics 
malaria resulting in the misdiagnosis of both pathogens [27]. This 
situation is further worsened by the lack of access to appropriate 
diagnostic facilities for differential diagnosis of febrile illness for 
arboviruses and co-infections. In Sub-Saharan Africa, Nigeria is one 
of the 32 countries that account for almost 93% of malaria deaths 
globally [28]. The availability of externally funded intervention pro-
grams against malaria in Nigeria leverages malaria diagnostics and 
therapeutics in the three tiers of healthcare facilities in the country 
as opposed to viral infections. Consequently, the virus circulates 
uninterrupted in the country with the possibility of facilitating the 
spillover events that may result in global outbreaks in both humans 
and animals. Thus, WNV infections are often underreported, under-
recognized, and underestimated. Notably, seroprevalence data are 
useful for the estimation of the parameters of WNV epidemic mod-
els. These estimates may facilitate the prediction of the burden of 
the disease in the population and control intervention strategies. 
This study investigated WNV infections among malaria-suspected 
patients in Nigeria, highlighted possible risk factors and estimated 
its burden considering its association with devastating neurologi-
cal disorders in humans and animals.

Materials and Methods
Study Area

Figure 1: The map of Nigeria showing the sampling sites.
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The simple random sampling technique was used to select 
three health institutions located in north eastern Nigeria: Federal 
Medical Centre, Adamawa state, Abubakar Tafawa Balewa Univer-
sity Teaching Hospital, Bauchi State and Specialist Hospital, Bor-
no State (Figure 1). Adamawa state has an annual temperature of 
30.8oC and spans between sub-Sudan vegetation in the north and 
Guinea savannah in the north [29] (Data. Info 2022). Bauchi is a 
Sudan savanna with annual temperatures of 28.97oC [30] (Weather 
Spark, 2022). Borno is a Sahel savanna and one of the warmest re-
gions in Nigeria with annual temperature of 32.53oC 1o and shares 
borders with Cameron to the East, Niger to the north and Chad to 
the northeast [31] (World Data, 2022). 

Study Population 

A total of 600 patients with febrile illness who visited the se-
lected hospitals to request malaria tests were recruited. The ap-
proved consent form was randomly given to 250 participants from 
each of the three states. Once minimum of 200 of the participants in 
each state endorsed the forms, we recruited them for the study. The 
participants also include parents of children below five years who 
endorsed the forms on behalf of their children. Socio-demographic 
characteristics and other parameters were collected using a struc-
tured questionnaire. The study was conducted between April and 
August 2018.

Research Ethics

The designed consent form was attached to the proposal sub-
mitted for ethical approval at each selected hospital. The research 
ethical clearance approved letters were obtained from the Research 
and Ethics Committee of ATBUTH (ref ATBUTH/ADM/42/Vol.1, 
dated 25 May 2017), State Specialist Hospital (SSH), Maiduguri, 
Borno State (ref no. SSH/GEN/641/Vol.1 dated 14 February 2018) 
and Federal Medical Centre, Yola (ref no FMC/YO/001/Vol.1 dated 
May 2018).

Sample Collection

About 3 ml of each patient’s whole blood was collected into a 
uniquely labeled serum separator vacutainer, test tube allowed to 
clot and centrifuged at 3000 rpm for 5 min. The serum was there-
after aspirated into the sterile cryovials and stored at -20oC until 
transported to the virology laboratory, University of Maiduguri 
Teaching Hospital (UMTH). 

Qualitative WNV IgM ELISA 

Sera samples were analyzed for human WNV IgM antibody ac-
cording to the manufacturer’s protocol (MyBioSource, San Diego, 
CA, USA). Briefly, 50µl of undiluted serum (positive, negative con-
trols and patients’ sera) was treated with 100µl of HRP-conjugate 
and incubated for 1 h at 37oC. After appropriate washing, 50µl of 
chromogen A and B were added to each well and incubated for 15 
min at 37oC before the reaction was stopped. The plate was read at 
optical density (OD) of 450 nm within five minutes after the reac-
tion was stopped. With the manufacturer’s instruction, the cut-off 
OD units ≥ 200 were considered positives.

Supply of Virus Stocks

The following virus stocks were obtained from the molecular 
Virology Unit of International Centre for Genetic Engineering and 
Biotechnology (ICGEB), Trieste, Italy. They include West Nile virus, 
yellow fever virus, dengue viruses (serotypes 1-4), chikungunya vi-
rus and zika virus.

Plaque Reduction Neutralization Test (PRNT) 
The PRNT was performed as previously described for the den-

gue virus [32]. Each serum sample was inactivated at 56°C for 30 
minutes and stored at -80oC. Vero E6 cells were grown in Eagle’s 
Minimum Essential Medium (EMEM) supplemented with 10% 
foetal bovine serum, 2mM glutamine, 2% Penicillin/Streptomy-
cin and 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 in-
cubated at 37°C for 24-48 hours or until it reached 70-80% con-
fluence. 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 Penincillin G (1X 106 units) and 1 gm Streptomycin 
sulphate (10µg/ml) in 100 ml of PBS to obtain the stock PS. Then 
10ml of the stock PS was added to 35 ml of PBS. 500µl of Gentamy-
cin (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 WNV 
virus stock (obtained from Molecular Virology Laboratory, Interna-
tional 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 con-
trols including a virus dose control (100 PFU virus + cell + diluent), 
a cell control (diluent + cell) and positve serum control were tested 
simultaneously. Each serum was tested against WNV, CHIKV, Zika 
virus (ZIKV), dengue virus (DENV) and yellow fever virus (YFV). 
After incubation at 37°C for 1 hour, the 50µl 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 Carboxyl methylcellulose 
(CMC) salt (Low viscosity) (Sigma) was tested to determine the 
best consistency. The CMC consisted of an equal volume of 10%, 
12% and 14% CMC with EMEM supplemented with 4% fetal bovine 
serum (FBS) (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 was added to each of the 24 wells and 
incubated at 37°C for 3-7 days. After removing the CMC, 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 form-
aldehyde. The percentage of plaque reduction by the specific anti-
body was calculated using the formula: 100-(Number of plaques in 
sample/Number of plaques in control) x 100. PRNT was repeated 
for each positive serum diluted 1:8- 1:1024 against five different 
viruses (dengue viruses (DEN), West Nile virus (WNV), chikungun-
ya virus (CHICK), zika virus (ZIKV), yellow fever virus (YFV)). Only 
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sera with a neutralizing titer of 4-fold increase for one virus com-
pared with those of the others were considered positive. However, 
two or more viruses having either equal titres or greater but not 
more than 4- fold difference were considered co-infections. The va-
lidity of the test was determined by the virus control (contains no 
serum) having a minimum of 50 plaques and cell control (no virus 
and no serum) with no plaque and positive serum having five or no 
plaques at all. The PRNT titer was defined as the reciprocal of the 
serum dilution that reduced the number of plaques by 90-100 % 
(PRNT90) [32,33].

Statistical Analysis
The data was analysed using Statistical Product and Service 

Solutions (SPSS), Version 25.0, from IBM SPSS. The Pearson χ2 or 
Fisher’s exact test for categorical variables were used when the ex-
pected count was less than 5. Binary Logistic Regression in SPSS 
was used to obtain odds ratio and confidence intervals for the as-
sociation between WNV nAb (PRNT90 results) and other variables 
in the three states. The fitness of the model to correctly predict the 
nAb (positive and negative) by the independent variables was test-
ed and found significant using the Omnibus test of model coefficient 
and insignificant with the Hosmer and Lemeshow tests. Overall, the 
percentage accuracy in the classification was 86.5% with 100% 
specificity (true negative) but 0% sensitivity (True positive). Inde-
pendent variables that were not disclosed by the participants were 

not included in the inferential statistics. Confidence interval for our 
estimates was determined at 95% with 5% level of significance.

Results
Of 600 patients suspected of malaria in the three northeastern 

states in Nigeria, 280 (46.7%), 99(16.5% ), 38 (6.3%%) had WNV 
IgM , nAb and IgM + nAb respectively. Overall, only 38 (13.5%) of 
280 IgM positives and 61 (19.1%) of 320 IgM negatives had WNV 
nAb.

The Distribution of WNV Antibodies in Three Northeastern 
States of Nigeria

In Adamawa state, 101(50.5%) of 200 patients had IgM, 17 
(8.5%) nAb and 5 (2.5%) IgM + nAb. Of 200 patients in Bauchi, 106 
(53.0%) and 54 (27.0%) had IgM and nAb respectively while 25 
(12.5%) had IgM + nAb. In Borno, 73 (36.5%) were IgM, 28 (14.0%) 
nAb and 8 (4.0%) IgM+ nAb (Figure 2). Of 99 sera with nAb, the 
titres obtained were 1:8 (2.0%). 1:16 (2.0%), 1:32 (13.1%), I:64 
(33.3%), 1:128 (22.2%) and 1:320 (1.0%%) (Supplementary file). 
WNV nAb in Adamawa, Bauchi and Borno were significantly differ-
ent (χ2= 24.007, df=4, p = .0.00) (Table 2). The residents of Bauchi 
(OR=1.872, Cl=1.493-2.346) were more likely to have experienced 
the WNV infections than Adamawa (OR=0.470, Cl=.300-0.736) and 
Borno states (OR=0.824, Cl=0.589-1.153).

Figure 2: The distribution of West Nile virus antibodies in three north-eastern states, Nigeria.

Age Distribution of WNV Antibody among Febrile Patients in 
Northeastern, Nigeria

The prevalence of WNV IgM was obtained from children aged 
1-14 years (53.1%). 15-29 years (49.1%), 30-45 years (42.1%), 
46-60 year (50.0%) and 61-76 years (40.0%). Patients aged 77-
92 years had no detectable IgM. Among children aged 1-14 years, 

19.8%, 13.3% of 15-29 years, 17.3% of 30-45 years, 18.1% of 46-
60 years and 20.0% at 77-92 years had WNV nAb (Table 1). Pa-
tients with the ages of < 60 years was not significantly associated 
(χ2=4.06, = df5, p=0.509) with WNV infections. However, patients 
aged >60 years (OR=1.406, Cl= 0.534-3.697) were more likely to 
have had WNV infections than other age groups studied (Table 2).

Table 1: Age distribution of West Nile virus antibodies among febrile patients in three northeastern states, Nigeria.

Age group Total tested WNV IgM+ WNV PRNT90

14-Jan 81 43 (53.1) 16 (19.8)

15-29 210 103 (49.1) 28 (13.3)

30-45 214 90 (42.1) 37 (17.3)

46-60 72 36 (50.0) 13 (18.1)
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61-76 20 8 (40.0) 4 (20.0)

77-92 3 0 (0.0) 1 (33.3)

Total 600 280 (46.7) 99(16.5)

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 1.021 0.282 <0.001 13.936 <0.001 0.47 0.3 0.736

Bauchi 1.071 0.225 <0.001 24.007 <0.001 1.872 1.493 2.346

Borno -0.282 0.242 0.244 1.361 0.294 0.824 0.589 1.153

Sex

Male 0.152 0.22 0.478 0.025 484 1.02 0.799 1.301

Female - - - - - 0.928 0.784 1.23

Settlement

Rural 0.409 0.249 0.1 2.727 0.111 1.362 0.953 1.948

Urban - - - - - 0.905 0.793 1.032

Interval

1-7days -0.485 0.236 0.04 4.29 0.045 0.868 0.746 1.009

7-10days - - - - - 1.41 1.031 1.929

Treatment

Yes -0.776 0.223 <0.001 12.507 <0.001 0.7 0.556 0.881

No - - - - - 1.521 1.232 1.878

YF-Vaccina-
tion

Yes -0.745 0.315 0.018 5.788 0.017 0.544 0.32 0.924

No - - - - - 1.145 1.046 1.255

Age (Yrs)

14-Jan -0.257 0.304 0.397 0.719 0.421 1.246 0.754 2.059

15-29 -0.369 0.242 0.127 2.351 0.135 0.779 0.557 1.088

30-45 0.088 0.228 0.698 0.151 0.731 1.058 0.799 1.401

46-60 0.124 0.328 0.705 0.144 0.705 1.115 0.637 1.953

Age <60Yrs -0.356 0.518 0.492 0.476 0.564 0.985 0.938 1.034

> 60Yrs - - - - - 1.406 0.534 3.697

Occupation - - - 5.468 0.568 - - -

Gender Distribution of WNV Antibodies 

Of 284 males, 137 (46.7%) and 50 (17.6%) had WNV IgM and 
nAb respectively. Among 316 females, 143 (45.3%) were IgM and 
49 (15.6%) had nAb. Gender and WNV nAb were not significantly 
associated ((χ2= 0.478, df=1, p=0,501.

Distribution of WNV Antibodies According to the Occupation 
of the Patients 

 Students, housewives, civil servants, self- employed, pupils, 
retirees had WNV antibodies at varied rates (Supplementary file). 

Of 158 students, 83 (52.5%) were IgM while 21 (13.3%) had nAb. 
Among 102 house wives, 52(51.0%) and 16(16.6%) were IgM and 
nAb respectively. Of 112 Civil servants, 50(44.6%) were IgM, while 
23 (20.5% had nAb. Of 37 self- employed, 17 (46.0%) were IgM and 
6 (16.2%) were nAb. Of 31 under-care/pupils, 18 (58.1%) were 
IgM and 8(25.8%) had nAb. 2 (40.0%) of 5 public servants studied 
had WNV IgM but no nAb. Among 6 retirees, 2 (33.3%) were IgM 
and 1(16.7%) had nAb. Of 149 not disclosed cases, 56 (37.5%) and 
23 (15.4%) had IgM and nAb respectively (Table 3). The occupation 
of the patients and WNV antibodies were not significantly associat-
ed (χ2=5.468, df=7, p = 0.568) (Table 2).
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Table 3: Distribution of West Nile virus antibodies among different occupation groups in northeastern states, Nigeria.

Interval (Days) Total tested WNV IgM (%) WNV PRNT (%)

Student 158 83 (52.5) 21 (13.3)

Housewives 102 52 (51.0) 16 (15.6)

Civil servant 112 50 (44.6) 23 (20.5)

Self-employed 37 17 (46.0) 7 (18.9)

Pupil 31 18 (58.1) 8 (25.8)

Public servant 5 2 (40.0) 0 (0.0)

Retiree 6 2 (33.3) 1 (16.7)

Not disclosed 149 56(37.5) 23 (15.4)

Total 600 280 (46.7) 99 (16.5)

Distribution of WNV Infection Rates According to the Interval 
Within which Samples were Collected after the Onset of Symp-
toms

Of 439 samples collected 1-7 days after onset of symptoms, 
198(45.1%) and 65(13.9%) had WNV IgM and nAb respectively. 
Among 151 samples collected within 7-10 days, 77 (51.0%) were 

IgM while 34 (21.2%) had nAb. Only 10 patients with no known 
intervals had 5 (50.0%) IgM and 6 (60.0%) nAb (Table 4). Intervals 
were significantly associated (χ2=4.29 df=1, p = 0.045) (Table 2). 
However, serum samples collected 7-10 days (OR=1.410, Cl= 1.031-
1.929). after onset of symptoms were more likely to have yielded 
more nAb than 1-7days.

Table 4: The distribution of West Nile virus antibodies among urban and rural dwellers.

Settlement Total Tested WNV IgM (%) PRNT (%)

Rural 89 40 (45.0) 21 (23.6)

Urban 437 209 (47.8) 67 (15.3)

Not disclosed 74 31 (41.9) 11 (14.9)

Total 600 280 (46.7) 99(16.5)

Distribution of WNV Infections among Rural and Urban Dwell-
ers 

437 (72%) and 89(14.8%) of patients were urban and rural 
dwellers respectively. Among the 89 rural dwellers, 40 (45.0%) 
were IgM while 21 (23.6%) had nAb. Of 437 urban dwellers, 

209(47.8%) and 67 (15.3%) had WNV IgM and nAb respectively 
(Table 5). Of 74 not disclosed settlements, 31 (41.9%) were IgM, 
while 11 (14.9%) had nAb. The type of settlement and WNVV nAb 
were not significantly associated (χ2=2.727, df=1, p=0.111) but 
the rural dwellers (OR=1.362, Cl=0.965-1.948) were more likely to 
have had WNV infections than the urban (Table 2).

Table 5: The distribution of West Nile virus antibodies at different intervals between onset of symptoms and sample collection.

Interval (Days) Total tested WNV IgM (%) WNV PRNT (%)

07-Jan 439 198 (45.1) 65 (13.9)

10-Jul 151 77 (51.0) 34(21.2)

Not disclosed 10 5 (50.0) 6 (60.0)

Total 600 280 (46.7) 99 (16.5)

Distribution of WNV Infections among Patients who Received 
Antimalaria/Antibiotic Treatment before Performing Labora-
tory Tests for Malaria Parasites

327 (54.5%) patients received antimalaria/antibiotics treat-
ments before seeking for a laboratory test for malaria while 262 
(43.7%) did not. Of 327 treated patients, 151(46.2%), 37(11.3%) 
were WNV IgM and nAb respectively. Among 262 untreated pa-

tients, 123 (47.0%) were WNV IgM while 54(20.6%) had nAb. Of 
11 patients with no disclosed treatment status, 6 (54.4%) had IgM 
while 8 (72.2%) were nAb, (Figure 3). WNV nAb was significant-
ly associated with the antimalaria/antibiotics treatments (χ2= 
12.507, df=1 p=0.001) (Table 2). Also, those who did not received 
these treatments were more likely to have experienced WNV infec-
tions than those treated.
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Figure 3: The distribution of West Nile virus antibodies among patients who received treatment with antibiotics/antimalaria.

Yellow Fever Vaccination Status of Patients and the Distribu-
tion of WNV Antibody

In the three states, only 134 (22.3%) patients received YF vac-
cination as against the majority 466 (77.7%) who did not. The YF 
vaccination status in Adamawa state was higher at 107 (53.5%) 

than in Bauchi with12 (6.0%.) and Borno having 15(7.5%) (Sup-
plementary file). Among the vaccinated, 58 (43.3%) had WNV 
IgM while 13(9.7%) had nAb. Of 466 unvaccinated patients, 222 
(47.6%) were IgM while 86 (18.5%) had nAb (Figure 4). WNV infec-
tions were significantly associated with the YF vaccination status of 
the patients studied [χ2= 5.788, df=1 p=0.017] (Table 2).

Figure 4: West Nile virus antibodies and yellow fever vaccination status of the patients.

Co-infections/Cross reactions between WNV and other Flavivi-
ruses/ Alphaviruses

Of 99 samples with WNV nAb, 95.0%, 12.3%, 11.10% also neu-
tralized 90-100% infectivity of DENV, YFV and ZIKV respectively. 
Co-infections between WNV and CHIKV were observed among 
59.3% of the patients.

Discussion
The results of this study have demonstrated the misdiagno-

sis of WNV infections for malaria in Nigeria and underscores the 
screening of malaria-suspected cases for arboviruses. The ELISA 
test which is sensitive and commonly used for the diagnosis of Fla-
viviruses is confounded by cross-reactivity among its members, 
compromising species specificity [34]. We used PRNT90 to confirm 
ELISA IgM results because it is considered the gold standard and 
its ability to neutralize the infectivity of a particular virus is consid-

ered a mark of protection against reinfection [35,36]. Also, PRNT 
measures the quantity of the antibody in the sample as well as the 
effectiveness of the antibody on the virus [33]. Although, cross‐re-
action with other flaviviruses still occurs with PRNT especially with 
low endpoint titers but the use of a higher stringent endpoint titer 
of 90% provides greater species specificity [33,37].

In this study, 46.7% and 16.5% of the patients had WNV IgM 
and nAb respectively in six northeastern states in Nigeria (Figure 
2). Previously, the pooled seroprevalence rates of 7.1% WNV IgM 
and 14.3% nAb were reported [16]. The difference in seropreva-
lence in both studies could be attributed to the study periods, states 
covered and types of the seroprevalence rates (pooled /unpooled). 
In this study, only 13.6%% of the IgM positives and 19.0% of the 
IgM negatives had WNV nAb indicating acute and past infections 
respectively. (Supplementary Table).
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WNV infections were significantly higher in Bauchi (27.0%) 
than Borno (14.0%) but least in Adamawa State (8.5%) (Table 
2) in consistence with previous reports [27,38]. The differences 
in seroprevalence rates in the three states (Figure 2) could be at-
tributed to diverse vegetations and climatic conditions: Adamawa 
spans between Sub‐Sudan vegetation marked by short grasses in-
terspersed with short trees in the north and Guinea savannah in the 
North and annual temperature of 30.8°C while Bauchi and Borno 
have Sudan and Sahel savannah vegetations with annual tempera-
tures of 28.97°C and 32.53°C respectively. Our finding is supported 
by the reports that vegetation and climatic conditions impart on 
the competence of the vector and transmissibility of the arbovi-
ruses [25,27,39]. Other variables such as genetic differences in the 
vectors and the human hosts in Bauchi may also be contributory. 
Additionally, other common practices at varied degree in the three 
states that could allow interaction of vectors with human popula-
tion include population movement, internally displaced persons 
(IDP) camps (due to persistent terrorist attacks), storage of water 
in houses, dumping of solid waste in the open gutter and close to 
water bodies, improper waste disposal and poor sanitation differ. 
Furthermore, the rate of intra- state travel in the 37 states in Nige-
ria on daily bases for socioeconomic activities also differ.

In Borno State, WNV infections increased from 1.2% in 2006 
[25] to 25% in 2013 [27] and decreased to 14.0% in 2018 (when 
the samples for this study were collected). The difference could be 
attributed to improved environmental sanitation, waste disposal, 
and increased use of modern technology that impact improved life 
style over the years. In this study, a four-fold increase in titre from 
other related flaviviruses (DENV, YFV, ZIKV) as previously sug-
gested by Gennaro, et al., [40] was demonstrated. Thus, high WNV 
nAb titres of 1:320 (1%), 1:128 (22%), 1:64 (33%) and 132(13%) 
obtained in this study have demonstrated the silent circulation of 
WNV under the guise of malaria in Nigeria. Notably, related Flavi-
viruses that exhibited either similar titres with WNV or greater but 
not more than four- fold difference was considered co-infections. 
In this study 96% patients with WNV nAb also neutralized infec-
tivity of other related flaviviruses at varied degrees including one 
or more of dengue virus serotypes (95%), YFV (12.3%) and ZIKV 
(11.10%) indicating co-infections in consistent with previous re-
ports [33,41,42] while only 3.7% which did not neutralize other 
viruses tested indicated monotypic WNV infections in agreement 
with previous studies [40,43]. Although cross-neutralizing anti-
bodies may result in diagnostic misinterpretation [44], it can also 
ensure partial or complete cross-protection against other flavivi-
rus infections [5,40,45-47]. Additionally, this study detected 59% 
co-infections between WNV and CHIKV in consistence with previ-
ous reports [41,42]. The silent circulation of WNV in this study cor-
roborated a previous report that revealed sequences of 13 strains 
of WNV RNA associated with febrile illness in Borno State in 2018. 
These sequences aligned perfectly with WNV Italian isolate 358 
(FJ472944 and Indian isolate Gwl-01 2015 (MG516600.1) od [26].

WNV infections and age, gender, and occupations of the pa-
tients were not significantly different. However, increased WNV 

infections with age have been reported in Gabon [38] where only 
IgG was detected in Nigeria with complement fixation test (CFT) 
tests as the technique of choice [48]. Notably, both IgG and CFT 
are not species specific compared with the PRNT. However, elder-
ly (>60 years) in this study, were more likely to have experienced 
more WNV infections than the younger groups in agreement with 
World Health Organization [1], probably due to weakened immu-
nity. Lack of significant association between WNV infections and 
gender was in consistence with previous studies [25,43]. We spec-
ulate that, the mosquito vector does not discriminate gender in its 
quest for a blood meal. The detection of WNV nAb was significantly 
associated with the interval between onset of symptoms and sam-
ple collection. Although, WNV nAb can be detected from samples 
collected 1-7 days after onset of symptoms, 7-10 days were more 
likely to yield more WNV nAb (Table 4). However, the use of a wider 
interval may give a clearer insight into the better diagnostic out-
comes. Rural dwellers with WNV infections (Table 5) were signifi-
cantly higher than the urban in consistence with a previous report 
[16,38]. Contributory factors may include poor waste disposal, and 
environment sanitation and intense agricultural practices in rural 
areas which favor sylvatic transmission in comparison with urban. 
Overall, urgent improvement on vector control measures, waste 
management and environmental sanitation including drainage sys-
tem is necessary in the three states especially the rural areas.

The practice of treatment with antibiotics/anti-malaria before 
seeking medical attention is common in Nigeria because every fe-
brile illness is presumed and immediately treated as malaria and or 
bacterial infections. WNV infections and these treatments (Figure 
3) were significantly associated and the untreated patients were 
more likely to have experienced WNV infections than those treated. 
This observation corroborated a report that tetracycline and Mino-
cycline inhibit WNV infections in vitro [16,49]. Further studies will 
give more insights into the effects of these drugs on WNV. Neverthe-
less, the irrational use of these drugs could contribute to the global 
antimicrobial resistance burden.

The low population immunity against YFV as evidenced by 
77.7% patients who did not receive YF vaccine explains its periodic 
epidemics in the country (Figure 4). In this study, those who were 
not vaccinated against YF virus were more likely to have experi-
enced WNV infections than those vaccinated (Table 2). In a previous 
study, Yellow Fever 17D vaccine strain was used as a backbone for 
the rapid development of live -attenuated candidate vaccine against 
WNV [50]. Another report revealed that, human vaccines against 
flaviviruses provided partial cross-protection against heterologous 
flaviviruses within the same serocomplex [44]. In this study, we ob-
served that 9.7% of YF vaccine recipients also had WNV nAb indi-
cating possible protection. Thus, we speculate that YF vaccine may 
serve as an alternative vaccine against WNV pending the successful 
clinical trials of the WNV vaccine.

Conclusion
ELISA IgM, and PRNT were used to unmask WNV infections 

from malaria suspected febrile patients in Adamawa, Bauchi and 
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Borno states at differed prevalence rates. The species specificity of 
PRNT90 allowed the detection of highly suggestive WNV infections. 
Both acute and past infections were detected. Treatment with an-
ti-malaria anti/antibiotics may inhibit WNV infection . Rural dwell-
ers were more likely to have experienced WNV infections than ur-
ban. YF vaccine may cross protect against WNV. Intervals between 
onset of symptoms and sample collection should be considered for 
better results. WNV infections and age, gender, and occupation of 
the patients were not significantly associated.
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