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Abstract  In Nigeria, greater than 70% of febrile illnesses are treated presumptively as malaria, without a 
laboratory evaluation. This study aimed at providing evidence-based information on the burden, classification of 
dengue and determination of the circulating Dengue virus (DENV) serotypes in Nigeria. Serum samples from 
suspected malaria patients who visited randomly selected health institutions in three northeastern states were 
analyzed using Rapid NS1 antigen detection, IgM and IgG ELISA, NS1 IgG ELISA and plaque reduction 
neutralization tests (PRNT90). Cumulative results of the study detected 21.3% confirmed, 77.6% highly suggestive 
and 34% probable dengue. In Bauchi State, the IgG: IgM and IgM: IgG ratio indicated 93.5 % recent secondary and 
6.5% primary dengue virus infections respectively. In Borno state, 86.3% had recent secondary dengue by NS1IgG. 
Five of seven NS1 were single infections, one multiple infection while one was likely to be serotype 1 which was 
not tested. Serotype 2 was the commonest in the three states but 2 and 4 were significantly higher in Adamawa than 
Bauchi and Borno. Multiple dengue serotypes obtained including 2 and 3, 3 and 4, 2 and 4 and 2 3, 4 were 
significantly higher in Adamawa than in Bauchi and Borno states. Antibody to serotype 2 was observed in all the 
ages studied especially 0-9 and 30-39 years. Numerically, samples collected 1-7 days after onset of symptoms had 
more DENV NS1 and antibodies than 7-10 days. Patients who received treatment with either or combination of 
antibiotics/antimalarial are more likely to be protected against dengue than untreated. Similarly, patients who were 
vaccinated against YF had more neutralizing antibodies to DENV than the unvaccinated and NS1 was more in 
unvaccinated than the vaccinated. Antibiotics/ antimalarial may ameliorate recovery from acute dengue and Yellow 
Fever vaccination may reduce dengue burden and its associated complications in resource-constrained countries. 
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1. Introduction 

Dengue, which is also known as ’break-bone fever’’ is 
caused by the Dengue virus which belongs to the genus 
Flavivirus and family Flaviviridae. DENV consists of 
four closely related but antigenically distinct serotypes 
(DENV 1-4), which cross-react but do not cross-protect. 
Thus, infection with one serotype provides lifelong immunity 
to that infecting serotype only [1,2] though reinfection by 

the same serotype could occur [3]. The clinical outcomes 
of dengue with any of the serotypes vary from asymptomatic 
to symptomatic illness, which can be non-specific (mild illness) 
or malaria-like, to more severe forms (Dengue hemorrhagic 
fever (DHF) or Dengue shock syndrome (DSS) with 
concrete risk of fatal outcome [4]. Acute DENV infection 
is detectable through RT-PCR, NS1 antigen, or virus 
isolation and a four-fold increase in the antibody titers 
between acute and convalescent samples in serological 
assays (Haemagglutination inhibition test (HI), ELISA 
IgM / IgG and the plaque reduction neutralization test (PRNT)).  
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Dengue virus (DENV) incidence has more than doubled 
every decade from 1990 to 2013 compared to other 
communicable diseases [5]. Over the last two decades, 
dengue cases have alarmingly increased more than 8-fold 
ranging from 505,430 cases in 2000, to over 2.4 million in 
2010, and 4.2 million in 2019, with deaths from 960 to 
4032 [6]. World Health Organization (WHO) has 
estimated 390 million DENV infections per year (95% 
credible interval 284–528 million), of which 96 million 
(67–136 million) are symptomatic [4]. Similarly, the 
report of severe dengue epidemics has also increased from 
9 cases before 1970 to 100, with Asia bearing 70% of the 
global burden. Interestingly, dengue is the second most 
diagnosed cause of febrile illness after malaria among 
residents of low- and middle-income countries as well as 
travelers returning from these countries. Negligence of 
DENVs and other arboviruses poses a great public health 
threat to immunologically naïve populations in Africa. It 
is eminent that the hyper-endemicity of malaria, its 
atypical signs with arbovirus infections at its prodromal 
phase and the lack of appropriate diagnostic facilities for 
differential diagnosis of febrile illness are major confounding 
factors. Presently, there is no specific therapeutics for 
dengue and effective supportive management requires 
appropriate diagnosis at the prodromal phase (non-specific 
symptoms). Dengue vaccine (Dengvaxia (CYD-TDV) has 
been licensed in 20 countries where it is limited to 
seropositive individuals and those aged 9-45 years for 
safety reasons [7,8] but is not yet available in many 
African countries. The climatic conditions, vegetation, and 
high immunological naïve population in Nigeria favor the 
breeding of vectors, the emergence and re-emergence of 
the pathogens they transmit as exemplified in previous 
reports [9,10,11]. The first documented DENV outbreak in 
Abeokuta, Nigeria occurred in 1977 during which six 
strains of DENV 1 were isolated [12]. Between 1980 and 
2008, surveillance for DENV was completely absent till 
2009 when it was detected in suspected malaria cases [9]. 
Several studies have reported the endemicity of DENVs in 
different parts of Nigeria [9,13,14,15,16]. In 2014, a  
15-year-old female died of DHF caused by co-infections 
with the four serotypes of DENV in Nasarawa State, Nigeria 
[17]. Nevertheless, DENV infections are still neglected, 
under-recognized, under-reported and under-estimated in 
the country [9,18]. Whilst systemic surveillance for 
dengue in Nigeria is still lacking, malaria remains the 
primary suspect in every febrile illness. Co-infection of 
DENV and malaria parasites, which have been reported in 
many countries could further complicate the timely 
diagnosis and proper management of dengue cases 
[18,19,20,21]. Therefore, estimating the dengue burden in 
the country will remain a mirage in the absence of 
differential diagnoses of febrile illness.  

This study aimed at providing evidence-based 
information on the current status of DENV infections 
masked by malaria suspected cases in northeastern Nigeria. 
To achieve this objective, the burden of dengue, its 
classification and circulating serotypes were determined. 
The use of three diagnostic assays with varied specificity 
and sensitivity produced findings that necessitate the need 

for the establishment of the appropriate diagnosis of 
dengue with the view to reducing its burden, malaria 
misdiagnosis and wrong treatment. Effect of other 
variables such as the interval between onset of symptoms 
and sample collection, treatment with antibiotics/antimalarial 
and Yellow Fever vaccination is discussed. 

2. Materials and Methods 

2.1. Study Area 
Nigeria, which is a West African country and most populous 

in Africa is located at latitude 9.081999 and longitude 
8.67527 (https://www.geodatos.net/en/coordinates/nigeria). 
It covers an area of 923,769 square kilometers (356,669 
square mi). The current population of Nigeria based on 
Worldometer elaboration of the latest United Nations data 
was estimated at 212,277,004 on 16 September 2021. 
Nigeria shares a border with the Nigeria Republic in the 
north, Chad in the northeast, Cameroon in the east and 
Benin in the west and comprises 36 states and Federal 
Capital Territory, Abuja. The southern part of the country 
is defined by its tropical rainforest climate with an annual 
rainfall of 1,500 to 2,00 millimeters (60 to 80 in) per year 
[22]. The mean annual temperature in Nigeria is 26.9°C 
with average monthly temperatures ranging between 24°C 
(December, January) and 30°C (April). North-eastern 
Nigeria is one of the six geopolitical zones and comprises 
six states: Adamawa, Bauchi, Borno, Gombe, Taraba and 
Yobe (Figure 1). The northeast is marked by Sudan and 
Sahel savanna ecology with a population of 18,984,299 
(according to the 2006 Nigerian population census) and is 
characterized by relatively high temperatures throughout 
the year with the annual average varying from 28.32°C in 
Yola to 25.92°C in Bauchi while rainfall ranges between 
467 mm at Nguru to 1091 mm at Ibi [23]. The randomly 
selected health institutions located in the three states 
studied were Federal Medical Centre (FMC), Adamawa 
state, Abubakar Tafawa Balewa University Teaching 
Hospital (ATBUTH), Bauchi State and Specialist Hospital, 
Borno State (Figure 1). 

2.2. Study Population 
Only patients with febrile illness who visited the 

selected hospitals for a malaria test were recruited. 316 
females and 284 males whose ages ranged between 2 and 
86 years were considered (Table 1). Formal approval for 
this study was obtained from the Research and  
Ethics Committee of Abubakar Tafawa Balewa University 
Teaching Hospital, Bauchi (ATBUTH), ref 
ATBUTH/ADM/42/Vol.1, dated 25 May 2017, State 
Specialist Hospital (SSH), Maiduguri, Borno State, with 
ref no. SSH/GEN/641/Vol.1 dated 14 February 2018 and 
Federal Medical Centre, Yola with ref no 
FMC/YO/001/Vol.1 dated May 2018. Written informed 
consent was obtained from each patient and from the 
parents of children under five years of age before sample 
collection. 
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Figure 1. Map of Nigeria with indicated states and collection sites (green) 

Table 1. DEMOGRAPHIC CHARACTERISTICS OF THE 
PATIENTS ENROLLED IN THE STUDY 

Items 
States 

Total 
Adamawa Bauchi Borno 

Gender 
Male 104 104 108 316 

Female 96 96 92 284 
Total 200 200 200 600 

Age Groups (years) 
0-9 10 25 6 41 

10-19 40 31 28 99 
20-29 52 39 60 151 
30-39 50 48 52 150 
40-49 26 32 26 84 
50-59 12 19 14 45 
60-69 6 6 9 21 
70-79 3 0 3 6 
80-89 1 0 2 3 
Total 200 200 200 600 

Interval between symptoms onset and sample collection (days) 
1-7 147 132 169 448 

7-10 52 68 31 152 
Total 200 200 200 600 

Treatment with antibiotics/antimalarial before malaria test 
Treated 139 104 112 355 

Not treated 59 86 88 233 
Not specified 2 10 0 12 

Total 200 200 200 600 
Yellow Fever Vaccination status 

Vaccinated 107 12 15 134 
Not vaccinated 93 61 183 337 
Not specified 0 127 2 129 

Total 200 200 200 600 

2.3. Sample Collection 
About 3 ml of each patient’s whole blood was collected 

by venepuncture into sterile glass plain bottles, allowed to 
clot at room temperature for 20 minutes and centrifuged at 
3000rpm for 5 minutes. The serum was aspirated into the 
sterile cryovials and stored at – 20°C until it was 
transported from Adamawa and Bauchi States to the 
Virology Laboratory, University of Maiduguri Teaching 
Hospital (UMTH) using a Thermobox. 

2.4. Plaque Reduction Neutralization Test 
(PRNT) 

The PRNT was performed as described previously with 
few modifications [28]. Each serum sample was inactivated 
at 56°C for 30 minutes and stored at 180°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 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 
incubated at 37°C for 24-48 hours or until it reached 70-
80% confluence. Each serum sample was diluted 1:8 using 
in-house diluent (IHD) prepared using PBS supplemented 
with Penicillin/Streptomycin (22%), Gentamycin (0.2%) 
and Fungizone (0.02%). An equal volume of DENV virus 
stock (obtained from Bernhard Nocht Institute for 
Tropical Medicine (BNITM), Hamburg, Germany in 2009) 
at a concentration of 100 PFU/ml was added to 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 diluent only), a cell control (diluent and cell only) 
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and negative virus control were tested simultaneously. 
After incubation at 37°C for 1 hour, the 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. The overlay medium 
was prepared by mixing equal volume of 12% Carboxyl 
methylcellulose sodium salt (Low viscosity) (Sigma) with 
EMEM supplemented with 4% foetal bovine serum. 1 ml 
of the overlay medium was added to each of the 24 wells 
and incubated at 37°C for 10-14 days. Thereafter, each 
well was fixed with 500 µl of 10% formaldehyde solution 
for 30 minutes after removing the overlay and stained with 
500 µl of 0.5% crystal violet (Sigma) for 20-30 minutes. 
The percentage of plaque reduction by specific antibody 
was calculated using the formula: 100-(Number of plaques in 
sample/Number of plaques in control) x 100. The validity 
of the test was determined by the virus control having a 
minimum of 50 plaques and cell control and positive sera 
having no plaques at all. The PRNT titre was defined as the 
reciprocal of the serum dilution that reduced the number 
of plaques by 90% (PRNT90) [24]. Modification in this 
study includes non-removal of inoculum before the addition 
of the overlay medium unlike the previous report [25]. 

2.5. Qualitative DENV 1-4 Antibody IgM 
ELISA (Performed on Samples from 
Adamawa, Bauchi and Borno) 

Sera samples were analyzed using Sandwich Complex 
ELISA kits (Diagnostic Automation/Cortez Diagnostics, 
Inc., USA, code: 8117-35) and the protocol described by 
the manufacturer was used. Briefly, each serum was 
diluted at 1:40 (positive, negative controls and patients’ 
sera) and treated with 40 µl of Rheumatoid factor at room 
temperature (RT) for 10 minutes. 140 µl of the treated sera 
were incubated in microtiter wells coated with DENV 1-4 
antigens for 10 minutes at RT. After appropriate washing, 
the wells were incubated with the enzyme-conjugated 
antibodies for 10 minutes at room temperature. The wells 
were treated with the chromogen and incubated for 10 
minutes at 37°C before the reaction was stopped. The 
plate was read at an optical density (OD) of 450 nm within 
one hour after the reaction was stopped. The average OD 
units of the positive control wells were ≥ 0.5 while the 
average OD units of the negative control wells were  
0.0-0.3. The cut-off values of ≥ 0.5 and ≤ 0.3 were used to 
determine the positive and negative samples respectively. 
Samples with OD units of > 1.0 were considered strong 
reactive. According to the manufacturer, the kit has a 
specificity of 100% and a sensitivity of 85.9%. 

2.6. Qualitative DENV 1-4 Antibody IgG 
ELISA (Performed only on Bauchi 
Samples) 

Sera samples were analyzed using Sandwich Complex 
ELISA kits (Diagnostic Automation/Cortez Diagnostics, 
Inc., USA, code: 811-35) according to the manufacturer’s 
instructions. Briefly, each diluted serum (1:40), including 
positive, negative controls and the patient’s serum was 
incubated with the DENV 1-4 antigen in a coated 
microtitre plate. The plate was incubated at RT for 10 

minutes. Enzyme conjugate was added to the wells after 
appropriate washings, incubated at RT for 10 minutes. The 
plates were washed and incubated with the chromogen at 
RT for 5 minutes before the reaction was stopped. The 
plate was read at an optical density (OD) of 450 nm within 
one hour after the reaction was stopped. The cut-off OD 
units of ≥ 0.5 and ≤ 0.3 were used to determine the 
positive and negative samples respectively. 

2.7. NS1 detection by Rapid Test (Performed 
on Samples from Adamawa, Bauchi and 
Borno) 

The Dengue NS1 Detect Rapid Test (InBios, USA, code: 
DNS1-RD) uses immunochromatography technique for 
the qualitative presumptive detection of non-structural 
protein 1 (NS1) in human serum. It is a membrane-based 
immunoassay that aids early detection of DENV infections 
even prior to the presence of IgM or IgG. The Dengue 
NS1 Detect Rapid Test membrane is pre-coated with NS1 
specific antibody on the test line region. The test strip has 
a separate control and sample region to assure assay flow 
and performance. During testing, the strip was placed in 
the well containing three drops of the buffer. 50ul of the 
sample was dropped into the sample pad. The sample side 
of the rapid test was made to face downward into the well. 
Within 20 seconds, the red colour was expected to move 
up the membrane. However, when this aspect was not 
observed, the arrows above the sample pad were touched 
gently to permit the flow of the conjugate and sample up 
the membrane. The result was read after 30 but before 45 
minutes. Each batch of the samples was tested with positive 
and negative control sera. The result was considered 
negative when only the control line appeared but positive 
when both the control and test lines were observed on the 
strip. According to the Manufacturer’s instruction, the 
presence of weak but distinctively red line was considered 
positive because the intensity of the red colour depends on 
the concentration of NS1 present in the sample. The test 
was considered invalid if no lines appeared at the control 
region. According to manufacturer, the sensitivity and 
specificity of the test was 76.5% and 96.7% respectively. 

2.8. NS1-based Enzyme-linked 
Immunosorbent Assay  
(rNS1-based ELISA) 

Recombinant rNS1-based ELISA was produced and 
supplied by the Laboratory of Molecular Virology, 
International Centre for Genetic Engineering and 
Biotechnology (ICGEB), Trieste, Italy. The test was 
performed as previously described by Mora et al [26]. 
Briefly, ELISA plates coated with DENV rNS1 were 
incubated with serum diluted 1/20 in PBS and probed with 
anti-human IgG antibodies. The OD 450 cut-off values of 
≥ 0.5 and ≤ 0.3 were used to determine the positive and 
negative samples, respectively. 

2.9. Statistical Analysis 
Statistical analysis was done on an MS Windows-based 

PC computer. The data were first keyed into a Microsoft 
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Excel spreadsheet and then analyzed by Statistical 
Package for the Social Sciences (SPSS), Version 20.0, 
from SPSS incorporation Chicago IL. We used the mean 
standard deviation/standard error of the mean, and percentage 
when appropriate for the patient’s characteristic description. 
Age groups and Gender were compared using the Pearson 
χ2 or Fisher’s exact test for categorical variables. Epi-info 
version 7.0 which was designed and distributed by CDC 
was used to obtain odd ratio and Confidence intervals for 
DENV serotype distribution in the three states, the 
association between dengue and treatment with antibiotics 
as well as  Yellow Fever vaccinations. No odd ratio was 
calculated for variables with zero values and P-values of 
0.05 or less were considered statistically significant. 
Likelihood ratios were determined for different IgG/IgM 
ratios and the best value was determined by looking at the 
combination of these parameters. The sensitivity and 
specificity of IgM ELISA and Rapid DENV NS1 
detection were computed using PRNT (positive for any of 
the serotypes tested) as reference. 

3. Results 

The presence of DENV neutralizing antibodies (nAb), 
confirmed by PRNT90, and NS1 antigen in the serum 
samples tested indicated undetected dengue outbreaks.  

3.1. The Classification of DENV Infections 
Based on Serological Findings 

Dengue virus infections were confirmed, highly 

suggestive and probable among 21.3% (106/496), 77.6% 
(385/496) and 6.8 % (34/496) patients who had a febrile 
illness and were suspected of malaria. In Bauchi State,  
50% (100/200) of the patients simultaneously had DENV 
IgM and IgG which indicated recent secondary DENV 
infections. The IgG: IgM ratio on these Bauchi patients 
also indicated 93.5% (187 /200) of recent secondary 
DENV infections while IgM: IgG ratio of 6.5% (13/200) 
indicated primary infections at the time of sample 
collection. Similarly, 86.3% (170/197) of Borno patients 
had DENV NS1 IgG which indicated recent secondary 
DENV infections. Only a few patients (30.8%;153/496) 
had no dengue in the three states studied. 

3.2. The Distribution of DENV Antigen and 
Antibodies in Adamawa, Bauchi and 
Borno States 

1.4% (7/496) of the patients in the three states had acute 
dengue represented by the NS1. Only one of the seven 
NS1 neutralized serotypes 2, 3 and 4 simultaneously, two 
neutralized DENV-3, two DEN-4 and one DENV-2 while 
one failed to neutralize serotypes 2, 3 and 4 with a high 
probability of being DENV-1 which was not included in 
this study. More patients in Borno (4 (0.8%) had DENV 
NS1 than Adamawa with 2 (0.4%) and Bauchi with only 1 
(0.2%). The presence of NS1 was not significantly 
different in the three states but it is more likely to occur in 
Borno (OR=2.701) than Bauchi (OR= 0.33) and Adamawa 
(OR=0,798). DENV neutralizing antibodies to one or 
more serotypes were detected among 404 (71.9%) of 562 
patients while 19% (114/600) had IgM. 

Table 2. Classification of dengue virus serotypes based on serology 

S/No Status of DENV 
infections Serologic findings 

No. Positive Total 
positive (%) Adamawa Bauchi Borno 

1 Confirmed dengue 

Positive IgM plus PositiveNS1 Ag 0 0 0 0 
Positive IgM plus Positive NS1 Ag plus positive PRNT 
for one or more DENV serotypes 0 0 0 0 

Positive NS1 plus positive PRNT for one or more 
serotypes 2 0 3 5 

Negative IgM plus Positive NS1 Ag 2 1 4 7 

**Positive NS1 plus positive NS1 IgG - - 4 4 

  Positive IgM plus positive IgG plus positive PRNT for 
one or more serotypes - 90 - 90 (54) 

 Total  4 1 11 106 (21.3) 

2 Highly suggestive of 
dengue 

Positive IgM plus Negative NS1 Ag plus positive 
PRNT for one or more DENV serotype 10 18 0 28 (5.6) 

Negative IgM plus Negative NS1 plus Positive PRNT 
for one or more serotypes 165 79 113 357 (72) 

 Total  175 97 113 385 (77.6) 

3 Probable dengue Positive IgM plus Negative NS1 Ag 10 20 4 34 (6.8%) 

4 aAnti-flavirus antibody Positive IgG only - 200 - 200 (100) 

5 aAnti-flavivirus antibody Positive IgM and IgG - 100 - 100 (50) 

6 Secondary DENV 
infections DENV IgG: IgM ratio (>1.1) - 187 - 187 (93.5) 

 Primary DENV infections DENV IgM:IgG ratio (>1.4) - 13 - 13 (6.5) 

7 
bSecondary DENV 

infections DENV NS1 IgG - - 170 170 (86.3) 

 No Dengue Infection Negative IgM, NS1, PRNT 23 16 114 153 (31) 

aPerformed only on Bauchi samples 
bPerformed only for Borno samples. 
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Figure 2. Distribution of DENV antigen and antibody in three Northeastern States, Nigeria 

3.3. Circulating DENV Serotypes in Three 
Northeastern States Based on PRNT90 
Results 

DENV 2 was the most predominant serotype with a 51.5% 
prevalence rate in the three states, followed by DENV 4 
(48.4%) and DENV 3 (33.7%). DENV 2 was significantly 
higher (χ2= 47.037, p=0.000, cl=2.416-4.937) in Adamawa 
and Bauchi than Borno. Similarly, DENV 4 was significantly 
higher (χ2=147.62, p=0.000, cl=6.834-15.15) in Adamawa 
(29.7%) compared to Borno and Bauchi. DENV 3 was 
significantly higher (χ2=11.522, p=0.000, Cl=1.312-2.663) 
in Bauchi compared to Adamawa and Borno. 

3.4. Multiple DENV Infections in Three 
Northern States of Nigeria Based on 
PRNT Results 

Adamawa had more DENV serotype co-infection: 
DENV 2 and 3 (30.2%), DENV 2 and 4 (57.8%), DENV 3 
and 4 (33.7%) and DENV 2, 3, 4 (28.6%) than Bauchi and 
Borno states. Co-infections of DENV 2, 3, 4 were least in 
Bauchi (4.0%) compared to Adamawa (28.6%) and  
Borno (9.0%). Overall, multiple DENV infections were 

significantly higher (χ2= 59.632, p=0.000, cl=3.093-7.753) 
in Adamawa compared to Bauchi and Borno. 

3.5. Age Distribution of DENV NS1 Antigen 
and Antibodies 

A significant association (χ2= 47.142, df=8, p=0.000) 
between the ages of the patients and the distribution of 
DENV antigen and nAb was observed with the Fisher's 
Exact Test. NS1 was only detected among those aged 20-
69 years. DENV IgM was highest (41%) among patients 
aged 0-9 years and least (15%) in 20-29 years old. Patients 
aged 0-9 years had the highest prevalence rate of DENV-2 
(63%) while 70-79 years had the least (33%). DENV-3 
was highest (67%) among those aged 80-89 years and 
least (14%) at 60-69 years. 50% and 27% of the patients 
aged 70-79 years and 0-9 years respectively had DENV-4 
infections. Overall, all the age groups studied had 
antibodies against DENV 2, 3, and 4 but from ages 60-89 
years, the number of patients with DENV nAb decreased 
significantly. In comparison with other serotypes, 
antibody to DENV-2 was more represented in all the age 
groups studied especially in patients aged 0-9 and 30-39 
years. These data show that DENV-2 remains the 
predominant serotype in Nigeria. 

Table 3. CIRCULATING DENGUE VIRUS SEROTYPES BASED ON PRNT90 RESULTS 

Table 4. MULTIPLE DENV INFECTIONS IN THREE NORTHERN STATES OF NIGERIA BASED ON PRNT RESULTS 

Serologic findings (PRNT90) No. positive (%) 
Total 

Co-infection of dengue serotypes Adamawa 
N=199 

Bauchi 
N= 162 

Borno 
N=200 

Positive DENV 2 and 3 60 (30.2) 46 (28..4) 21 (10.5) 127 (22.6) 
Positive DENV 2 and 4 115 (57.8) 23 (14.2) 35 (17.5) 173 (30.8) 
Positive DENV 3 and 4 67 (33.7) 13 (8.0) 21 (10.5) 101 (18.0) 
Positive DENV 2, 3, 4 57 (28.6) 6 (4.0) 18 (9.0) 81(14.4) 

S/No Serologic findings (PRNT90) Total tested Dengue serotype 
No. Positive (%) 

Adamawa Bauchi Borno Total 
1 Positive DENV 2 plus negative DENV 3 & 4 542 DENV 2 only 133 (24.5) 100 (18.5) 46 (8.5) 279 (51.5) 
2 Positive DENV 3 plus negative DENV 2 & 4 595 DENV 3 only 73 (12.3) 86 (14.5) 42 (7.1) 201 (33.8) 
3 Positive DENV 4 plus negative DENV 2 & 3 516 DENV 4 only 153(29.7) 45 (8.7) 52(10.1) 250 (48.4) 
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Table 5. AGE DISTRIBUTION OF DENV NS1 ANTIGEN AND ANTIBODIES 

Age Groups Number Tested DENV NS1 DENV IgM PRNT DENV 2 PRNT DENV 3 PRNT DENV 4 
0-9 41 0 17 26 11 11 

10-19 99 0 22 48 29 39 
20-29 151 2 23 60 56 64 
30-39 150 1 23 75 52 67 
40-49 84 2 14 35 25 41 
50-59 45 0 11 20 21 16 
60-69 21 2 4 11 3 8 
70-79 6 0 0 2 2 3 
80-89 3 0 0 2 2 1 
Total 600 7 114 279 201 250 

 
3.6. Distribution of DENV NS1 Antigen and 

Antibodies at Different Intervals between 
Onset of Symptoms and Sample 
Collection 

Numerically, 17.6 % (79/448) of samples collected at  
1-7 and 23.2% (35/151) from 7-10 days after onset of 
symptoms had DENV IgM. Similarly, 45% (202/448), 
34.2% (153/448), 41.5% (186/448) of samples collected 
1-7 days and 50.3% (76/151), 31.8% (48/151), 41.2% 
(63/151) at 7-10 days neutralized serotypes 2, 3 and 4 
respectively. Overall, neutralizing antibody to DENV 4 
was significantly higher (χ2 = 120.904, p= = 0.000, 
Cl=10.219-38.897) with samples collected within 7-10 
days after onset of symptoms than 1- 7. Also, neutralizing 
antibodies to DENV-2 (OD= 1.239) and 4 (OD= 19.837) 
are more likely to be detected by PRNT90 with samples 
collected 7-10 days after onset of symptoms compared to 
1-7 days. However, nAb to DENV-3 is more likely to be 
detected with samples collected 1-7 days (OD=1.124) than 
7-10 days (OD=0.902). 100% (7/7) of 496 patients whose 
samples were collected at 1-7 days had DENV NS1 
antigen while none of the samples collected at 7-10 had it. 

3.7. Yellow Fever Vaccination Status of 
Patients and the Distribution of DENV 
Antigen and Antibodies 

5.2% (7/134) of the patients who were not vaccinated 
with the YF vaccine had NS1 while the vaccinated had 
none. DENV IgM was more among patients (13.1%; 
44/337) who were not vaccinated against YF than the 
vaccinated (6.0%; 8/134). Nevertheless, DENV neutralizing 
antibodies were more among the vaccinated (53% (71/134), 
35.1% (47/134), 59.7% (80/134) than unvaccinated  
(41.2% (139/337), 28.8% (97/337) and 41.8% (141/337 
for serotypes 2, 3 and 4 respectively. Overall, the Yellow 
Fever (YF) vaccination of the patients and the presence of 
DENV neutralizing antibodies were significantly different 
(χ2 =22.143, p= 0.000, Cl= 1.741-3.823). People who were 
vaccinated against YFV are 1.4, 1.1, 2.5 (OR values) 
times more likely to be protected against DENV 2, 3 and 4 
than those unvaccinated (OR= 0.617, 0.618, 1.064). 
However, acute DENV infections as evidenced by NS1 
were significantly higher (χ2= 3.873, df=8, p=049) among 
the patients who were not vaccinated against YFV than 
those vaccinated. 

 
Figure 3. Gender distribution of DEV NS1 antigen and antibodies 
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Figure 4. Distribution of DENV NS1 antigen and antibodies at different intervals between onset of symptoms and sample collection 

 
Figure 5. Yellow fever vaccination status of patients and the distribution of DENV antigen and antibodies 

3.8. Distribution of DENV Infections  
among Patients who Received 
Antimalaria/Antibiotic Treatment  
before Performing Laboratory Tests  
for Malaria Parasites 

A significant number of patients tested (59.2%) received 
treatment with antibiotics/anti-malaria before performing 
laboratory tests for malaria parasites. Among the treated,  
4 (1.1%) had NS1 while 15 % (53/355) of the treated and  
24% (58/233) of the untreated had DENV IgM. Patients 

with nAb to DENV-2, 3 and 4 among the treated were  
47% (167/355), 36% (126/355), 44% (156/355) but untreated 
were 45% (105/233), 32% (74/233) and 38% (88/233) 
respectively. DENV infections among patients with febrile 
illness who received treatment with antibiotics/antimalaria 
were not significantly different (χ2= 12.629, df=8, P= 0.128) 
from those who did not. However, patients who received 
treatment with antibiotics/antimalarial are more likely to be 
protected against DENV 2, 3, and 4 (OR= 1.005, 1.247, 1.259 
respectively) than those untreated. Similarly, the untreated 
patients (OR=1.83) are 1.2 times more prone to acute dengue 
(as evidenced by NS1) than the treated (OR=0.919). 

Table 6. DISTRIBUTION OF DENV ANTIGEN AND ANTIBODY AMONG PATIENTS WHO RECEIVED ANTI-MALARIA/ANTIBIOTIC 
TREATMENT BEFORE SAMPLE COLLECTION 
Treatment 
status 

Total tested 
(%) 

DENV NS1 
(%) 

DENV IgM 
(%) 

PRNT90 DENV 2 
(%) 

PRNT90 DENV 3 
(%) 

PRNT90 DENV 4 
(%) 

Treated 355 (59.2) 4 (1.1) 53 (14.9) 167 (47) 126 (35.5) 156(44) 
Not treated 233 (38.8) 3 (1.3) 58 (24.9) 105 (45.1) 74 (31.8) 88 (37.8) 
Not specified 12 (2) 0 3 (25) 7 (58.3) 1(8.3) 6(50) 
Total 600 7 (1.2) 114 (19.0) 279 (46.5) 201 (33.5) 250 (41.7) 
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4. Discussion 

Three different diagnostic assays (DENV NS1, ELISA 
IgM and PRNT90) with varied sensitivity and specificity 
were used to determine the precise status of DENV 
infections in three northeastern states. PRNT which is a 
gold standard assay for serotype specificity [25,28] was 
used as a reference to obtain specificity and sensitivity of 
94% and 25% in ELISA IgM and 98.8% and 2% in Rapid 
NS1 assay respectively in agreement with previous reports 
[29,30]. Unlike IgM, DENV NS1 denotes acute DENV 
infection, confirms the diagnosis even in a single sample 
and informs clinical management of cases [31] but does 
not differentiate serotypes. Cross-reactions may occur 
with PRNT but the use of a higher stringent endpoint titer 
of 90% provides greater species specificity than IgM [25]. 

In this study, a significant number of patients with 
febrile illness had confirmed, highly suggestive and 
probable dengue (Table 2). Fifty percent of the patients in 
Bauchi had recent secondary dengue as evidenced by a 
simultaneous increase in IgM/ IgG antibody [32,33] which 
neutralized 90% of one or more serotypes of the DENV. 
In Borno state, 86.3% of patients with DENV NS1 IgG 
also denoted recent secondary dengue in agreement with 
previous reports [26]. The sera of four NS1 positive 
patients neutralized a single serotype of DENV once or 
twice (two neutralized serotype 3, one serotype 2 and 1 
serotype 4) indicating single infections, one neutralized 
the three serotypes simultaneously (possible multiple 
infections) while 2 failed to neutralize serotypes 2,3 and 4 
suggesting DENV-1 which was not included in the study. 
Additionally, with the cut-off points of ≥1.0 as reported in 
previous studies [30,34,35], IgG: IgM and IgM:IgG ratio 
on Bauchi samples indicated 93.5% and 6.5 recent 
secondary and primary DENV infections respectively. 
Secondary dengue with different serotypes poses the risk 
of DHF/DSS and other possible complications [36,37] 
(Table 2). 

In this study, DENV 1-4 were detected among febrile 
patients in Adamawa, Bauchi, and Borno using the 
PRNT90 results (Table 3). Previous studies in different 
parts of Nigeria have consistently reported antibodies to 
different serotypes of DENV in many parts of the country 
[10,12,38,39]. The unique feature of this study is the 
similarity of our findings on febrile patients by PRNT 90 
with that of a previous report [38] where nested RT-PCR 
was used to analyze mosquito vectors (Aedes aegypti) for 
DENV serotypes in the same environment. In both studies, 
DENV 1-4 with 2 and 4 as predominant serotypes and co-
infections of serotypes 2 and 4 and 2,3, and 4 were 
detected in the Adamawa state. Notably, whilst this study 
covered three northeastern states (Adamawa, Bauchi and 
Borno), the previous study concentrated on only one state 
(Adamawa state). Additionally, we detected co-infections 
of 2 and 3 and 3 and 4 that were not reported in the  
Aedes aegypti in the previous study. Overall, DENV  
co-infections were significantly higher (χ2= 59.632, 
p=0.000, cl=3. 093-7.753) in Adamawa than in Bauchi 
and Borno states (Figure 2) in agreement with Isa et al [38] 
(Table 3 and Table 4). The common factors in the three 
states studied include high population movement due to 
persistent terrorist attacks with many people storing water 
in their homes, dumping of solid waste in the open gutter 

and close to water bodies, which provide breeding sites for 
Aedes species and allow interaction with human’s 
populations [39]. However, the three states differ with 
respect to vegetation and climatic conditions: Adamawa 
spans between sub-Sudan vegetation marked by short 
grasses interspersed with short trees in the north and 
Guinea savannah in the north. The state is very warm with 
an annual average temperature of 35°C [40]. Bauchi is a 
Sudan savanna with an oppressive wet season and partly 
cloudy overcast dry season. It is hot year-round with 
temperatures ranging from 57oF to 100oF Sahel [41]. 
Borno is a Sahel savanna and is one of the warmest 
regions in Nigeria with an average daily high temperature 
of 37°C [42]. It is possible that climatic, vegetation, and 
possibly other variables such as genetic differences in the 
vectors and the human hosts in Adamawa favor the 
transmission of DENV serotypes 4 and 2 compared to 3. 
Our speculation is supported by previous reports that the 
vegetation [9,11] and climatic conditions [41,42] have an 
effect on the competence of Aedes aegypti populations  
for DENV transmission. A similar trend was also 
observed in Indonesia where differed DENV serotypes 
were distributed in the three regions having different 
vegetations and climatic conditions [43,44]. 

 DENV infections detected from samples collected 
between 1-7 days and 7-10 days after onset of symptoms 
were not significantly different (Figure 4). Nevertheless, 
more dengue including the 7 DENV NS1were obtained 
from samples collected within 1-7 days than 7-10 days. 
(Figure 4). The timing of sample collection and the 
purpose of the testing depends on the choice of the assay. 
However, a wider interval than this study should be 
investigated for a better insight into the diagnostic 
outcomes during sero-epidemiological studies of DENV 
infections. A significant number of patients tested (59.2%) 
received treatment with antibiotics/anti-malaria before 
performing laboratory tests for malaria parasites presumed 
to be the etiologic agents of the illness (Table 6). Notably, 
treatment with either or a combination of both drugs is a 
common practice in the country because every febrile 
illness is presumed and immediately treated as malaria and 
or bacterial infection. In this study, those who received 
these treatments (OR=1.259) are more likely to be 
protected against DENV infections than the untreated 
(OR=0.768). Similarly, the untreated (OR=1.183) are 
more likely to have acute dengue than the treated (0.919). 
This observation is supported by a report that some 
antibiotics and antimalarial are effective treatments for 
many viral diseases [45]. For instance, teicoplanin, ivermectin, 
abamectin tetracyclines, quinolones, aminoglycosides, 
glycopeptides antibiotics [46,47], erythromycin, tetracycline, 
azithromycin are active against Yellow Fever and DENV 
[45]. Similarly, Antimalaria such as mefloquine [48,49], 
Chloroquine [50,51], atovaquone [52] can inhibit DENV 
replication. We speculate that the inhibiting effect of these 
drugs on dengue progression is contributory to the 
absence of DHF/DSS despite the co-infections of DENV 
serotype in the environment. Further studies are necessary 
to gain more insights into the effect of these drugs on 
DENV, especially in the face of the absence of an 
effective DENV vaccine and therapeutics. 

Overall, all the age groups studied had antibodies 
against DENV 2, 3, and 4 but from ages 60 to 89 years, 
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the number of patients with DENV neutralizing antibodies 
decreased significantly (Table 5). In comparison with 
other serotypes, antibody to DENV-2 was more represented 
in all the age groups studied especially in patients aged 0-
9 and 30-39 years. The commonality of serotype 2 in all 
the age groups further confirms the long duration of its 
circulation in the environment (Figure 3). The gender of 
the patients and the distribution of DENV infections were 
not significantly different (Figure 3). In contrast to our 
findings, the risk of dengue in males was much higher 
than in females in Asian countries [53,54]. In agreement 
with our finding, the gender distribution of DENV 
infections was not significantly different in South America 
(P> 0.05) [55,56]. Probably hungry female mosquitoes in 
Nigeria and South America do not discriminate between 
males and females in their quest for blood meals.  

DENV neutralizing antibodies were significantly  
higher among patients who received Yellow Fever (YF) 
vaccination in consistence with previous reports 
[57,58,59]. According to these authors, YF vaccination 
actually increased the cross-neutralizing antibody 
response to the four dengue serotypes. For instance, in a 
previous study, 42% of sera collected after YF vaccination 
were DENV IgM positive despite none of them being 
positive before vaccination [60]. Acute dengue observed 
among the unvaccinated as opposed to YF vaccinated 
patients in this study (Figure 5) compares favorably with 
that report. Notably, YF immunity could have been 
acquired through vaccination (incorporated in National 
Program on Immunization (NPI) in Nigeria since 2004) or 
natural infections as previously reported [61]. This 
information is very useful and may constitute a more cost-
effective means of protection against DENV and its 
associated complications in the absence of an established 
vaccine. There is a need for further studies to establish the 
significance of YF vaccination in DENV immunity.  

The limitations of this study include our inability to test 
all the samples for DENV 1 due primarily to the 
unavailability of appropriate reagents. Also, PRNT positive 
sera were not further titrated beyond 1:8 to determine the 
highest dilution of the serum that neutralized 90-100% of 
the virus infectivity due to insufficient quantity of the 
samples. Additionally, we were unable to test all the 
samples from the three states for NS1 IgG and IgG due to 
the high cost of these kits. Therefore, limited testing for 
DENV IgG ELISA and NS1 IgG to samples collected 
from Borno and Bauchi respectively revealed the status 
(Primary / secondary) of dengue cases in Nigeria. 

5. Conclusion 

Three diagnostic assays including NS1, IgM and PRNT 
were used to unmask DENV infections from malaria 
suspected febrile patients. Both IgM ELISA and Rapid 
DENV NS1 assays had high specificity but low sensitivity. 
Serologically defined confirmed, highly suggestive and 
probable dengue caused by serotypes 2, 3 and 4 were 
detected in Adamawa, Bauchi and Borno states. DENV 2 
was the most predominant, followed by DEN-4 and 
DENV-3 in the three states but serotype 4 was 
significantly higher in Adamawa than in the other two 
states. DENV 2 and 4 as well as multiple serotype 

infections were significantly higher in Adamawa than in 
Bauchi and Borno states. In Bauchi, only 6.5% were 
primary while 93.5% were recent secondary and in Borno, 
85% were recent secondary DENV infections. Whilst the 
ages of the patients and DENV infections were 
significantly different, gender was not. Treatment with 
anti-malaria and antibiotics may ameliorate recovery from 
dengue and the use of these therapeutics without 
appropriate laboratory diagnosis could contribute to the 
burden of antimicrobial resistance. Although dengue and 
the interval between onset of symptoms and sample 
collection were not significantly different, more infections 
were detected when samples were collected within 1-7 
than 7-10 days. Both acute DENV infections and 
neutralizing antibodies were significantly associated with 
YF vaccination. Persistent misdiagnosis and improper 
management of dengue outbreaks could cause serious 
socioeconomic impact and impose a very heavy burden on 
the already overstretched health care systems in Nigeria. 
This study has revealed that dengue outbreaks, which 
were masked by malaria, had occurred due to monotypic 
or multiple DENV serotypes in Nigeria. Since dengue has 
no cure and no available vaccine in resource-constrained 
countries, YF vaccination may serve as a useful tool to 
reduce the dengue burden and its associated.  

Conflict of Interest 

The authors do not have a commercial or other 
association that might pose a conflict of interest. 

Funding 

This project was funded by International Centre for 
Genetic Engineering and Biotechnology (ICGEB) -CRP: 
Contract No: CRP/16/010, Reference No. CRP/NGA 16-
03. 

Acknowledgments 

We are indeed grateful to all the staff of the WHO 
National Polio laboratory, Maiduguri for their moral and 
technical assistance. We sincerely thank the Collaborative 
Research Program (CRP) arm of the International Centre 
for Genetic Engineering and Biotechnology (ICGEB) for 
making this work feasible and affordable. We thank 
World Health Organization for supplying the InBios 
Dengue NS1 Detect Rapid Test and the University of 
Maiduguri Teaching Hospital (UMTH) for hosting the 
Laboratory facility where the test was performed. We also 
thank Mr. Kunle Ijaya for producing all the charts and 
maps of Nigeria which highlight the areas where samples 
were collected . The technical support of Mr. Ayodele 
Isreal Ajayi is also appreciated. 

Abbreviations 

DENV: Dengue virus, DHF: Dengue Haemorrhagic Fever, 
DSS: Dengue shock syndrome, HI: Haemagglutination 

 



 American Journal of Epidemiology and Infectious Disease 17 

inhibition, PRNT: Plaque reduction neutralization test, 
WHO: World Health Organization, ATBUTH: Abubakar 
Tafawa Balewa University Teaching Hospital, Bauchi, 
FMC: Federal Medical Centre, SSH: State Specialist 
Hospital, UMTH: University of Maiduguri Teaching Hospital, 
BNITH: Bernard Notch Institute for Tropical Medicine 
and Hygiene, EMEM: Eagles Minimum Essential Medium, 
OD: Optical density, NS1:Non-structural protein1, rNS1: 
Recombinant Non-structural protein 1, CDC: Centre for 
Disease Control, nAb: neutralizing antibody, Cl: Confidence 
interval, YF: Yellow Fever, OR: Odd ratio, ELISA: 
Enzyme-linked immunosorbent assay. 

References 
[1] Hubert, B., Halstea, S. B. Dengue 1 Virus and Dengue 

Hemorrhagic Fever, French Polynesia, 2001. Emerg Infect Dis.; 
15(8): 1265-1270. 2009. 

[2] Mwanyika, G.O, Mboera, L.E.G., Rugarabamu, S., Makange, M., 
Sindato, C., Lutwama, J.J, Paweska, J.T., Misinzo, G. Circulation 
of dengue serotype 1 virus during the 2019 outbreak in Dar es 
Salaam, Tanzania. Pathog Glob Health, 115(7-8):467-475. Oct-
Dec 2021. 

[3] Waggoner, J. J, Balmaseda, A., Gresh, L., Sahoo, M. K., Montoya, 
M., Wang, C., Abeynayake, J., Kuan, G., Pinsky, B.A., Harris, E. 
Homotypic Dengue virus reinfections in Nicaraguan children. J 
Infect Dis. 214, 986-993. Mar 16. 2016. 

[4] Bhatt, S., Gething, P. W., Brady, O. J., Messina, J. P., Farlow, A. 
W., Moyes, C.L., Drake, J. M., Brownstein, J. S., Hoen, A. G., 
Sankoh, O., Myers, M. F., George, D. B., Jaenisch, T., Wint, G. R., 
Simmons, C.P., Scott, T. W., Farrar, J. J., Hay, S. I. The global 
distribution and burden of dengue. Nature, 496(7446): 504-7. Apr. 
2013. 

[5] Stanaway, J. D., Shepard, D. S., Undurraga, E. A., Halas, Y. A., 
Coffeng, L. E., Brady, O. J., Hay, S.I., Bedi, N., Bensenor, I. M., 
Castañeda-Orjuela, C. A., Chuang, T. W., Gibney, K.B., Memish, 
Z. A., Rafay, A., Ukwaja, K. N., Yonemoto, N., Murray, C.J.L. 
The global burden of dengue: an analysis from the Global Burden 
of Disease Study 2013. Lancet Infect Dis., 16(6): 712-23. June 2016. 

[6] World Health Organization: Dengue and severe dengue 2021. 
Available from  
https://www.who.int/news-room/fact-sheets/detail/dengue-and-
severe-dengue. Accessed on 20 January 2020. 

[7] Pinheiro-Michelsen, J. R., Souza, R., Santana, I., da Silva, P. S., 
Mendez, E. C., Luiz, W. B., & Amorim, J. H. Anti-dengue 
Vaccines: From Development to Clinical Trials. Frontiers in 
immunology, 11, 1252. 2020. 

[8] World Health Organization: Dengue vaccine. position paper: 
Recommendations. Vaccine. 14; 37(35): 4848-4849. November 
2019. Epub 2018 Nov 10. 2019 Aug PMID: 30424888. Available 
from https://pubmed.ncbi.nlm.nih.gov/30424888/. Assessed on 18 
September 2021. 

[9] Baba, M. M., Marie-Francois, S., Vorndam, A.V., Adeniji, J.A., 
Diop, O., Olaleye, D. Dengue virus infections in patients 
sumalaria/typhoida / typhoid in Nigeria. J Am. Sci. 5: 129-134. 
2009. 

[10] Baba, M.M., Talle, M., The Effect of Climate on Dengue Virus 
Infections in Nigeria. New York Science Journal 4(1), 28-33. 2011 

[11] Baba, M., Villinger, J., Masiga, D.K. Repetitive dengue outbreaks 
in East Africa: A proposed phased mitigation approach may 
reduce its impact. Rev Med Virol. 26(3):183-96. May 2016. 

[12] Fagbami, A. H., Monath, T. P., Fabiyi, A. Dengue virus infections 
in Nigeria: a survey for antibodies in monkeys and humans. Trans 
R Soc Trop Med Hyg. 71(1):60-5. 1977. 

[13] Baba, M., Logue, C.H., Oderinde, B., Abdulmaleek, H., Williams, 
J., Lewis, J., Laws, T.R., Hewson, R., Marcello, A., D’agaro, P. 
Evidence of arbovirus coinfections in suspected malaria and 
typhoid patients in Nigeria. J. Inf. Dev. Ctries. 2013; 7: 051-059. 

[14] Oladipo, E. K., Amanetu, C., Gbadero, T. A., Oloke, J. K. 
Detectable anti-Dengue virus IgM antibodies among healthy 
individuals in Ogbomoso, Oyo state, Nigeria. Am. J. Inf. Dis., 10 
(2): 64-67. 2014. 

[15] Fagbami, A. H and Onoja, A. B. Dengue hemorrhagic fever: An 
emerging disease in Nigeria, West Africa. Journal of Infection and 
Public Health, Volume 11, Issue 6: 757-762. 2018. 

[16] Ayolabi, C. I., Olusola, B. A., Ibemgbo, S. A., Okonkwo, G. O. 
Detection of Dengue viruses among febrile patients in Lagos, 
Nigeria and phylogenetic of circulating Dengue serotypes in 
Africa. Infect Genet Evol., 75:103947. 2019. Epub 2019 Jul 2. 
PMID: 31276800. 

[17] Oladejo, A., Aderinola, O. M., Musa, A. M., Ajisegiri, W. S., 
Aman-Oloniyo, A. F., Ojong, E. O, Sha'aibu, S., Nguku,P., 
Nsubuga, P., Adebola, O,. yemakinde, A., Nasidi, A. The role of 
the laboratory in outbreak investigation of viral hemorrhagic fever 
in Nigeria, 2014. Pan African Medical Journal. 2016; 23: 233. 

[18] Mandage, R., Kaur, C., Pramanik, A., Kumar, V., Kodan, P., 
Singh, A., Saha S., Pandey, S., Wig N, Pandey RM, Soneja M, 
Acharya P. Association of Dengue Virus and Leptospira Co-
Infections with Malaria Severity. Emerg Infect Dis. 26(8): 1645-
1653. August 2020. PMID: 32687019; PMCID: PMC7392441. 

[19] Epelboin, L., Hanf, M., Dussart, P., Ouar-Epelboin, S., Djossou, F., 
Nacher, M., Carme, B. Is dengue and malaria co-infection more 
severe than single infections? A retrospective matched-pair study 
in French Guiana. Malar J. 1; 11: 142. May 2012. PMID: 
22549018; PMCID: PMC3403992. 

[20] Okoror, L. E., Olufemi, B. E., Mariam, U. O., Olubunmi, A. E., 
Kayode, O. S., Ogeneh, B. Misdiagnosis of Dengue Fever and Co-
Infection with Malaria and Typhoid Fevers in Rural Areas in 
Southwest Nigeria. Research Square. Virology Journal BMC. 
March 2021. 

[21] Vasava, S. D., Lakhani, S. J., Lakhani, J.D. Evaluation of 
Concurrent Malaria and Dengue Infections among Febrile Patients. 
A Cross-sectional Study. Journal of Clinical and Diagnostic 
Research, Vol-15(4): DC01-DC04. 2021. 

[22] Geographical Alliance of Iowa. Regions Used to Interpret the 
Complexity of Nigeria”. University of Northern Iowa. Archived 
from the original on 14 April 2009. Retrieved 19 July 2007: 
Accessed 22 April 2022. 

[23] Hassan, S.F., El-Tantawi, A.M., Hashidu, U. S. Trends of Rainfall 
and Temperature over North-Eastern Nigeria (1949-2014). 
Journal of Environmental Science, Toxicology and Food 
Technology. 11 (5). 01-09. May 2017. 

[24] Onyedibe, K., Dawurung, J., Iroezindu, M., Shehu, N., Okolo, M., 
Shobowale, E., Afolaranmi, T., Dahal, S., Maktep, Y., Pama, P., 
Isa, S., Egah, D. A cross-sectional study of dengue virus infection 
in febrile patients presumptively diagnosed of malaria in 
Maiduguri and Jos plateau, Nigeria. Malawi Med J. 30(4):276-282. 
December 2018.PMID: 31798807; PMCID: PMC6863422. 

[25] World Health Organization. Guidelines for plaque reduction 
neutralization testing of human antibodies to Dengue viruses. 
World Health Organization. 2007; Available from:  
https://apps.who.int/iris/handle/10665/69687. Accessed January 
30 2020. 

[26] Mora-Cárdenas, E., Aloise, C., Faoro, V., Knap, Gašper, N., 
Korva, M., Caracciolo, I., D'Agaro, P., Avšič-Županc, T., 
Marcello, A. Comparative specificity and sensitivity of NS1-based 
serological assays for the detection of flavivirus immune response. 
PLoS Negl Trop Dis. 29; 14(1). January 2020: e0008039. PMID: 
31995566; PMCID: PMC7010293. 

[27] Bamidele, S., Mora-Cárdenas, E., Carletti, T., Baba, M. M., 
Marcello, A.Prevalence of locally undetected acute infections of 
Flaviviruses in North-Eastern Nigeria. Virus Research, Volume 
286. 198060, Sept. 2020. ISSN 0168-1702.  

[28] Roehrig, J. T., Hombach, J., Barrett, A. D. Guidelines for Plaque-
Reduction Neutralization Testing of Human Antibodies to Dengue 
viruses. Viral Immunol, 21(2): 123-32. 2008. 

[29] Hunsperger, E. A., Muñoz-Jordán, J., Beltran, M., Colón, C., 
Carrión, J., Vazquez, J. Performance of dengue diagnostic tests in 
a single-specimen diagnostic algorithm. J Infect Dis. 214(6):  
836-44. 2016. 

[30] Changal, K. H., Raina, A. H., Raina, A., Raina, M., Bashir, R., 
Latief, M., Mir, T., Changal, Q. H. Differentiating secondary from 
primary dengue using IgG to IgM ratio in early dengue: an 
observational hospital-based clinico-serological study from North 
India. BMC Infect Dis. 28; 16(1): 715. 2016. 

[31] Zhang, H., Li, W., Wang, J., Peng, H., Che, X., Chen, X., Zhou, Y. 
NS1-based tests with diagnostic utility for confirming dengue 
infection: a meta-analysis. International Journal of Infectious 
Diseases, Volume 26, 57-66. 2014, ISSN 1201-9712. 

 



18 American Journal of Epidemiology and Infectious Disease  

[32] Kumar, A., Nielsen, A. L.Trends in the patterns of IgM and IgG 
antibodies in febrile persons with suspected dengue in Barbados, 
an English-speaking Caribbean country, 2006–2013, Journal of 
Infection and Public Health. Volume 8, Issue 6, 583-592. 2015. 

[33] Erba. Role of IgM and IgG antibody testing in Dengue diagnosis. 
Scientific updates. Available at:  
https://www.erbamannheim.com/article/scientific-
updates/187#:~:text=Serological%20markers%20of%20Dengue%
20infection&text=Secondary%20Dengue%20infections%20are%2
0characterized,with%20modest%20increases%20in%20IgM.&text
=Positive%20IgM%20and%20IgG%20tests,dengue%20virus%20
within%20recent%20weeks. Accessed on 25 March 2022.  

[34] Cucunawangsih, L. N. P., Kurniawan, A. (IgG) to IgM ratio in 
secondary adult dengue infection using samples from early days of 
symptoms onset. BMC Infect Dis., 15: 276. 2015. 

[35] Tien, N. T. H., Clapham, H., Lam, P. K., Kieu, N.T.T., Trung, 
D.T., Quyen, T. H. Methods to discriminate primary from 
secondary dengue during acute symptomatic infection. BMC Infect 
Dis. 18: 375. 2018. 

[36] Wang, W. H., Urbina, A. N., Chang, M. R., Assavalapsakul, W., 
Lu, P. L., Chen, Y. H Wang, S. F. Dengue hemorrhagic fever. A 
systemic literature review of current perspectives on pathogenesis, 
prevention and control. Journal of Microbiology, Immunology and 
Infection. 53 (6): 963-978. 2020. 

[37] Kolawole, O.M., Seriki, A.A., Irekeola, A.A., Bello, K.E. and 
Adeyemi, O.O. Dengue virus and malaria concurrent infection 
among febrile subjects within Ilorin metropolis, Nigeria. Journal 
of medical virology, 89(8), 1347-1353. 2017. 

[38] Isa, I., Ndams, l. S., Aminu, M., Chechet, G., Dotzauer A., Ayo 
Yila Simon, A. Y.,Genetic diversity of Dengue virus serotypes 
circulating among Aedes mosquitoes in selected regions of 
northeastern Nigeria One Health 13(2):100348 November 2021. 

[39] Anthony, G.T. Assessing web compliance of base map using the 
open street map: the case of Adamawa State, Nigeria. J. Environ. 
Earth Sci., 4, pp. 73-82. Nov. 2014. 

[40] World data.info. Climate in Adamawa.  
https://www.worlddata.info/africa/nigeria/climate-
adamawa.php#:~:text=The%20climate%20is%20very%20warm,hi
gh%20from%20June%20to%20September. 

[41] Weather Spark: Climate and Average Weather Year Round in 
Bauchi Nigeria.  
https://weatherspark.com/y/61868/Average-Weather-in-Bauchi-
Nigeria-Year-
Round#:~:text=In%20Bauchi%2C%20the%20wet%20season,or%
20above%20104%C2%B0F. 

[42] World data. Climate in Borno (Nigeria);  
https://www.worlddata.info/africa/nigeria/climate-
borno.php#:~:text=Average%20daytime%20and%20nighttime%2
0temperatures&text=Borno%20is%20one%20of%20the,is%20yea
rlong%20warm%20or%20hot. 

[43] Wardhani, P., Aryati, A., Yohan, B., Trimarsanto, H., Setianingsih, 
T. Y., Puspitasari, D.,  Arfijanto, M. V., Bramantono, B., Suharto, 
S., Sasmono, R. T. Clinical and virological characteristics of 
dengue in Surabaya, Indonesia. PLoS One. 12(6) e0178443. 2017. 

[44] Megawati, D., Masyeni, S., Yohan, B., Lestarini, A., Hayati, R. F., 
Meutiawati, F., Suryana, K., Widarsa, T., Budiyasa, D. G., 
Budiyasa, N., Myint, K. S. A., Sasmono, R. T. Dengue in Bali: 
Clinical characteristics and genetic diversity of circulating dengue 
viruses. PLoS Negl Trop Dis., 22; 11(5): e0005483. May 2017. 

[45] Abdulaziz, L., Elhadi, E., Abdallah, E. A., Alnoor, F. A., & 
Yousef, B. A. Antiviral Activity of Approved Antibacterial, 
Antifungal, Antiprotozoal and Anthelmintic Drugs: Chances for 
Drug Repurposing for Antiviral Drug Discovery. Journal of 
experimental pharmacology, 14, 97-115. 2022. 

[46] Wang, Y., Cui, R., Li, G., Gao, Q., Yuan, S., Altmeyer, R., Zou, G. 
Teicoplanin inhibits Ebola pseudovirus infection in cell culture. 
Antiviral Res. 125: 1-7. January 2016. Epub 2015 Nov 14. PMID: 
26585243; PMCID: PMC7113690. 

[47] Zhou, N., Pan, T., Zhang, J., Li, Q., Zhang, X., Bai, C., Huang, F., 
Peng, T., Zhang, J., Liu, C., Tao, L., Zhang, H. Glycopeptide 

Antibiotics Potently Inhibit Cathepsin L in the Late 
Endosome/Lysosome and Block the Entry of Ebola Virus, Middle 
East Respiratory Syndrome Coronavirus (MERS-CoV), and 
Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV).  
J Biol Chem. 22; 291(17): 9218-32. Apr. 2016. Epub 2016 Mar 7. 
PMID: 26953343; PMCID: PMC4861487. 

[48] Barrows, N. J., Campos, R. K., Powell, S. T., Prasanth, K. R., 
Schott-Lerner, G., Soto-Acosta, R., Galarza-Muñoz, G., McGrath, 
E. L., Urrabaz-Garza, R., Gao, J., Wu, P., Menon, R., Saade, G., 
Fernandez-Salas, I., Rossi, S. L., Vasilakis, N., Routh, A., 
Bradrick, S. S., & Garcia-Blanco, M. A. A Screen of FDA-
Approved Drugs for Inhibitors of Zika Virus Infection. Cell host 
& microbe, 20(2), 259-270. 2016. 

[49] Balasubramanian, A., Teramoto, T., Kulkarni, A.A., Bhattacharjee, 
A.K. and Padmanabhan, R., 2017. Antiviral activities of selected 
antimalarials against dengue virus type 2 and Zika virus. Antiviral 
research, 137, pp.141-150. 

[50] Shiryaev, V. S., and M. F. Churbanov. Recent advances in 
preparation of high-purity chalcogenide glasses for mid-IR 
photonics.” Journal of Non-Crystalline Solids, 475. 1-9. 2017. 

[51] Delvecchio, R., Higa, L.M., Pezzuto, P., Valadão, A.L., Garcez, 
P.P., Monteiro, F.L., Loiola, E.C., Dias, A.A., Silva, F.J., Aliota, 
M.T. and Caine, E.A. Chloroquine, an endocytosis blocking agent, 
inhibits Zika virus infection in different cell models. Viruses, 
8(12). p.322. 2016. 

[52] Kottkamp, A.C., De Jesus, E., Grande, R., Brown, J.A., Jacobs, 
A.R., Lim, J.K. and Stapleford, K.A. The antiparasitic drug 
atovaquone inhibits arbovirus replication through the depletion of 
intracellular nucleotides. bioRxiv, p.507152. 2018. 

[53] Cook, A. R., Carrasco, L. R., Lee, V.J., Ooi, E.E., Chen, M.I., Lye, 
D.C., Leo, Y.S. Higher risk of infection with dengue at the 
weekend among male Singaporeans. Am J Trop Med Hyg. 87(6): 
1116-8. Dec. 2012. doi: 10.4269/ajtmh.2012.11-0648. Epub 2012 
Nov 5. PMID: 23128291; PMCID: PMC3516085. 

[54] Anker, M., Arima, Y. Male-female differences in the number of 
reported incident dengue fever cases in six Asian countries. 
Western Pac Surveill Response J. 2(2): 17-23. 2011. 

[55] Rigau-Perez, J. G., Clark, G. G., Gubler, D. J., Reiter, P., Sanders, 
E. J., Vorndam, A.V. Dengue and dengue haemorrhagic fever. 
Lancet. 1998; 352(9132): 971-7. 

[56] Adedayo, F., Nioma, I., Olanrewaju, M.B., Adeyinka, A., Ebele, A. 
Serological evidence of recent Dengue virus infection among 
febrile children in a semi-arid zone. American Journal of 
Infectious Diseases. 9 (1): 7-10. 2013. ISSN: 1553-6203 ©2013. 

[57] Guirakhoo, F., Kitchener, S., Morrison, D., Forrat, R., McCarthy, 
K., Nichols, Y. S., Duan, X., Ermak, T. H., Kanesa-Thasan, N., 
Bedford, P., Lang, J., Quentin-Millet, M. J., Monath, T. P. Live 
attenuated chimeric yellow fever dengue type 2 (ChimeriVax-
DEN2) vaccine: Phase I clinical trial for safety and 
immunogenicity: effect of yellow fever pre-immunity in induction 
of cross neutralizing antibody responses to all 4 dengue serotypes. 
Hum Vaccin. 2(2):60-7. 2006. Epub 2006. 

[58] Qiao, M., Shaw, D., Forrat, R., Wartel-Tram, A., Lang, J. Priming 
effect of dengue and yellow fever vaccination on the 
immunogenicity, infectivity, and safety of a tetravalent dengue 
vaccine in humans. Am J Trop Med Hyg. 85(4):724-31. Oct. 2011. 
PMID: 21976579; PMCID: PMC3183784. 

[59] Kelley, L. Yellow Fever Vaccination Does Not Increase Severe 
Dengue Risks. Vax Before Travel, 2019. Available from 
https://www.vaxbeforetravel.com/people/kelley-lu-pharmd. 
Accessed on 25 July 2021. 

[60] Houghton-Trivino, N., Montana, D., Castellanos, J., Dengue-
yellow fever sera cross-reactivity; challenges for diagnosis. Rev 
Salud Publica (Bogota). 2008; 10(2): 299-307. 

[61] Baba, M. M., Yahaya, K. M., Ezra, E. M., Adamu, M., Kulloma, 
B. M., Ikusemoran, M., Momoh, J. P., Oderinde, B. S. Assessment 
of immunity against Yellow Fever virus infections in northeastern 
Nigeria using three serological assays. J Med Virol. 93(8): 4856-
4864. August 2021. Epub 2021 Apr 13. PMID: 33783842. 

 

 
© The Author(s) 2022. This article is an open access article distributed under the terms and conditions of the Creative Commons 
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 

 


