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Abstract 

Dengue infection places over 40% of the world’s population at direct risk. This was a cross-sectional 

study involving collection of socio-demographic and risk factors data via self-designed structured 

questionnaires. Also, blood samples were collected from 600 consenting febrile patients of different 

ages, in three selected Government public health facilities of Adamawa State. Furthermore, serum 

was screened for dengue antibodies by ELISA. Reverse Transcriptase Polymerase Chain Reaction 

(RTPCR) was used to detect dengue virus serotypes. Data obtained was analyzed using SPSS version 

20, Odds Ratios (OR) for associations between seroprevalence and all variables studied was 

determined. Of the 600 participants, 65% (390/600) were IgM positive for DENV infection with the 

highest prevalence obtained in Mubi (81.5%:163/200) and the lowest prevalence in Numan 

(52%:104/200). Higher insignificant prevalence was obtained in the males (66.8%:181/271) than 

females (63.6%:201/316). There was significant association of DENV antibodies, in terms of Tertiary 

education (χ2 = 4.594, p=0.032; OR = 1.502; 95%CI= 1.050-2.151), among those who uses well water 

(p=0.023; OR=2.021, 95% CI 1.131-3.611), those who use traditional medicine for treatment of fever 

(p=0.014, OR=3.126; 95% CI=1.289-7.582), mosquito protection methods used against bite and those 

who never travel outside the state. Other risk factors studied were not significantly associated with 

DENV infection. DENV 1 and 4 serotypes were detected. The study reveals that low economic 

disadvantage and negligence could serve as predisposing factors to the DENV infection. Therefore, 

it identified potential virus reservoir which may likely spread in humans and cause epidemics.  

Keywords: DENV 1-4; serotypes; pool screen; dengue virus; co-infection; seroprevalence 

 

1. Introduction 

Dengue is an important mosquito-borne viral infection in humans, caused by Dengue Virus 

(DENV) globally. It is found in tropical and sub-tropical climates worldwide, mostly in urban and 

semi-urban areas (WHO, 2021). There are four serotypes of DENV; DENV1-DENV4 which is 

transmitted by infected female mosquitoes mainly of the species Aedes aegypti and to lesser extend 

Ae. albopictus. These are also vectors of chikungunya, yellow fever and Zika viruses (WHO, 2020). 

Infection with one serotype provides lifelong immunity against that serotype but confers only partial 

or transient protection against subsequent infection with any of the other three serotypes and 

secondary infection usually become severe (Oladipo et al., 2014).  
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Dengue virus is a positive sense, single-stranded RNA virus of the family Flaviviridae which 

comprised of more than 70 viruses. The viruses have four antigenically distinct serotypes, DENV1-4 

distributed in tropical and subtropical areas (Nedjadi et al., 2015).  

Infection may be asymptomatic and symptomatic. Patients that are symptomatic may present 

with fever, severe headache, backache, joint pains, nausea and vomiting, eye pain, rash, liver 

enlargement and haemorrhagic manifestations (Oyero and Ayukekbong, 2014). Infection with these 

viruses typically leads to antibody production in the serum. Immunoglobulin M (IgM) develops 

acutely and is short-lived, while immunoglobulin G (IgG) develops shortly thereafter and is long-

lasting (Luke et al., 2011).  

Dengue is an emerging and re-emerging arboviral disease (Marcos et al., 2019) and is a major 

public health concern throughout tropical and sub-tropical regions of the world. It has been estimated 

that 3.9 billion people in 129 countries are at risk of DENV infection with 390 million dengue 

infections annually, while 96 million manifest clinical symptoms. There is unprecedented global 

burden of dengue in 2024 with over 14.1 million reported cases worldwide, dengue has exceeded the 

historic milestone of 7 million cases reported in 2023. This highlights the alarming growth trajectory 

of this mosquito-borne disease (Haider et al., 2025). About half million people with dengue 

heamorrhagic fever and dengue shock syndrome requires hospitalization each year and 5% death 

(Khan and Bhatti, 2020). In addition, the COVID-19 pandemic has place immense pressure on health 

care and management systems worldwide. The combined impact of COVID-19 and dengue 

epidemics can potentially result in devastating consequences for the populations at risk (WHO, 2021). 

There are many predisposing factors attributed to vector breeding and the rise in dengue 

outbreaks; these include demographic changes (global population increase and urbanization), 

changes in sociological behaviour (sudden increased in migration), agricultural development (new 

irrigation techniques and deforestation), possible global climate change, urban slums, changes in 

government public health strategies and evolutionary’ changes in the pathogen genomes (Malhotra 

et al., 2014).  

There is substantial under-reporting of dengue within the health systems in Africa (Adeleke et 

al., 2015). In Nigeria, most cases of dengue are undiagnosed or misdiagnosed as malaria or referred 

to as fever of unknown cause (Oyero and Ayukekbong, 2014). The neglect of these viruses in Africa 

could be due to the high burden of malaria and to the more priority and attention given to other 

neglected tropical diseases. Therefore, this study aimed at assessing the serological and Molecular 

Surbey of dengue virus among febrile patients in the study area.  

Serological and Molecular Survey of Dengue Virus Among Febrile Patients Attending Public 

Health Facilities in Some Part of North East, Nigeria 

2. Materials and Methods 

2.1. Study Area 

The study was carried out in three purposively selected Local Government Area (LGAs) of 

Adamawa State. The state is located between latitude 9°45’06”N - 10°19’ 60”N and longitude 12° 03’ 

18” E- 13° 29’ 59”E. Adamawa State is bordered by the Cameroon Republic on the East (Figure 1). 

The state is transverse by large rivers: Benue, Gongola and Yadzarem that are surrounded with water 

puddles and discarded containers due to human activities, which provided suitable breeding sites 

for Aedes mosquitoes (Pukuma et al., 2011). The study area is also characterized by high population 

movements due to insurgency in the North-east. Also, people store water around their homes, they 

dump solid waste in an open gutter and close to water bodies which provide suitable environment 

for breeding of Aedes species and the spread of DENV (Anthony, 2014).  The study populations 

included both male and female febrile patients of all ages, attending the three selected public health 

facilities. The sample size used for the study was determined using the equation {n = Z2(1-p)/2d2} of 

Cochrane as modified by Kogi (2017) and DENV prevalence rate of 74.4% from previous studies was 

adopted (Oyinloye, et al., 2016). 
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Figure 1. Sampling locations in Adamawa State. Source: Modified from the Administrative Map of Nigeria. 

2.2. Ethical Clearance 

Ethical approval for the study was obtained from the Ethical Committee of the Adamawa State 

Ministry of Health and the Ahmadu Bello University Ethical Committee on the Use of Human and 

Animal Subject for Research, ABU, Zaria (Ref. N0. S/MoH/1131/1 and ABUCUHSR/2017/004).  

2.3. Inclusion and Exclusion Criteria 

The inclusion criteria are all consented patients of all ages, presenting with symptoms of fever 

(˃38 °C), severe headache, neck pain, back and abdominal pains in three selected hospitals of the 

study locations. Parents’ consented for their children to participate. 

The exclusion criteria are all patients who did not consent to the study and those who did not 

present with febrile symptoms of fever.   
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2.4. Data Collection Using Questionnaires 

A self-designed structured questionnaire was administered by trained interviewers to obtain 

possible risk factors and clinical information. The questionnaire was piloted around the actual 

communities of study. 

2.5. Blood Samples Collection and Processing 

Five millilitres (5ml) of blood was collected with the help of Phlebotomists from the consenting 

patients attending public health facilities that were selected for the study by venepuncture, placed in 

clean labelled sample bottles and allowed to clot at room temperature (15-250C). To obtain serum, 

each blood sample was separated by centrifugation at 1000rpm for 10 minutes (Cheesbrough, 2006). 

All the serum samples were transported in cold box and stored at -200C in the Parasitology and 

Entomology Laboratory of the Department of Zoology, Ahmadu Bello University, Zaria until test.  

2.6. Detection of IgM Antibodies by ELISA  

Dengue IgM ELISA test is an Enzyme-Linked Immunosorbent Assay (ELISA) for the qualitative 

identification of antibodies to dengue in human serum. Dengue virus was detected in patient serum 

using ELISA kit (Diagnostics Automation/Cortez Diagnostics, Inc. Woodland Hills, USA) following 

manufacturers’ protocols. All the Samples and reagents were brought to room temperature (15-25℃) 

before use. A 25ml Wash Buffer (20x) was diluted with 250ml of reagent grade water. A 96 Well 

Microplate was used. The wells were labelled as follows: a reagent blank well, 2 controls well and 

samples wells. Hundred micro litters (100µl) of controls, samples and 40µl Rheumatoid Factor (RF) 

Absorbent was dispensed into the microplate wells and thoroughly mixed using pipette. The plate 

was incubated for 10minutes at room temperature. The contents were shaken and washed 3 times 

with the diluted Wash Buffer and 2 drops of enzyme conjugate were added to the wells. Hundred 

micro litters (100µl) of Enzyme Conjugate was added to each well and incubated at room temperature 

for 10 minutes. The plate was vigorously washed 3 times with the Wash Buffer and blotted to dry on 

an absorbent paper. Two (2) drops of substrate Tetramethyl-benzidine (Chromogen) was then added 

to the wells and incubated for 10 minutes at room temperature after which Two (2) drops of Stop 

Solution was added to the wells and mixed gently by tapping the strip holder. The Optical Density 

(O.D) of the wells was read by setting the Microplate Reader wavelength at 450nm.  

2.7. Interpretation of Results 

An Optical Density ratio of 0.3-1.0 was interpreted as Negative, but when greater than 1.0 was 

interpreted as a positive result. The negative result indicates that there is no detectable antibody in 

the specimen while the positive result revealed antibody against DENV. 

2.8. Extraction of Viral RNA from Serum 

The RNA extraction of patient serum was performed following the methods by Chomczynski 

and Sacchi (1987). The 200µl of the serum and 0.5ml of Solution D (5M guanidium thiocynate, 

31.25mM Sodium citrate, 0.625% sarcosyl and 0.45mL mercaptoethanol) were poured in 2ml tube. 

Followed by the addition of 100µl of sodium acetate, 500µl phenols (H2O saturated) and 100µl 

chloroform isoamylethanol. The mixture was vigorously shaken and placed on ice for 45 minutes and 

the reaction mixtures was centrifuged for 20min at 13000rpm. Then, 750µl upper aqueous phase was 

carefully pipetted and dispensed into a clean 1.5 tube to which 37.5µl glycogen and 750µl cold 

isopropanol was added and kept in -80℃ for 60 minutes. The reaction mixture was centrifuged for 20 

minutes at 13000rpm, after which the supernatant was discarded and the pellet was washed with 

75% cold ethanol, vortex and centrifuged for 20 minutes at 13000rpm. The   tubes were air dried 

using speed Vacuum for 5minutes. The pellet was dissolved in 32.5µl of DEPC H2O. The extracted 

RNA was stored at -80℃ in Laboratory for Viral Research, University of Bremen, Germany for 

onward downstream application.  
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2.9. Synthesis of Complementary DNA (cDNA) from the Extracted RNA  

The complementary DNA (cDNA) was synthesized using 80ng of RNA. The extracted RNA was 

mixed with 1µl (0.2µg/µl) random hexamer primer and 1µl (10 mM) dNTP mix in a 0.2 ml PCR tube. 

The mixture was made up to 15µl with nuclease-free water on ice. The following component was 

then added to the PCR tube: 4µl of 5X Reaction Buffer, 0.5 µl of Ribolock RNase inhibitor (40U/µl) 

and 0.5µl of Maxima H Minus Reverse Transcriptase (10000U, 100 U/µl) making up to a total volume 

mixture of 20µl.The reaction was vortexed, centrifuged and incubated in a thermocycler with the 

following conditions: 25℃ for 5 mins, 50℃ for 30 mins. The reaction mixture was then terminated by 

heating at 85℃ for 5 mins (Thermo scientific). The cDNA was stored in -80℃ for downstream 

application. 

2.10. Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) Amplification 

To perform RT-PCR, the cDNA was amplified using DENV serotypes-specific consensus 

primers D1 and D2 that target the envelope and non-structural protein 1 (E/NS1) junction of the 

DENV genome (Table 1). The multiplex semi nested PCR was performed according to a previous 

protocol (Hakami et al., 2018) with some adjustment. The master mix reaction was prepared for 

detection of DENV.  The reagents were vortex and kept on ice for the duration of the master mix 

preparation. 

Table 1. Primer sequences used for dengue consensus and serotype specific RT-PCR reactions. 

Primer Sequence Base pair size 

of amplified 

product 

References 

D1 

D2 

5′-TCAATATGCTGAAACGCGCGAGAAACCG-3′ 

5′-TTGCACCAACAGTCAATGTCTTCAGGTTC-3′ 

511 Dengue 

concensus 

(Lanciotti 

et.al., 1992) 

TS1 5′-TCAATATGCTGAAACGCGCGAGAAACCG-3′ 

5′-CGTCTCAGTGATCCGGGGG-3′  

482 (Dl and 

TS1) DENV1  

 

(Lanciotti 

et.al., 1992) 

TS3 5′-TCAATATGCTGAAACGCGCGAGAAACCG-3′ 

5′-TAACATCATCATGAGACAGAGC-3′  

290 (Dl and 

TS3) DENV3  

 

(Lanciotti 

et.al., 1992) 

TS4 5′-TCAATATGCTGAAACGCGCGAGAAACCG-3′ 

5′-CTCTGTTGTCTTAAACAAGAGA-3′ 

392 (Dl and 

TS4) DENV4  

(Lanciotti 

et.al., 1992) 

DV1 5’-GGRACKTCAGGWTCTCC-3’ 

5’-CCG GTGTGCTCRGCYCTGAT-3’ 

362 (Hakami 

et.al., 2018) 

In 25 µl of final volume reaction mixture containing 2.5µl of Aedes species cDNA template, 2.5 

µl (10 x dreamTaq buffer containing 20 MgCl2), 0.5 µl of dNTP Mix (10 mM, final concentration of 0.2 

mM), 1µl of 25 mM MgSO4 (final concentration 1.0 mM), 0.5 µl of dream Taq polymerase (final 

concentration 5U/µl), 0.875µl of forward D1 and reverse D2 primers (100 µM; final concentration 0.7 

µM), which was designed against the consensus cDNA sequence of DENV1-4 serotypes that amplify 

a fragments of 511 base pair. The reaction volume was made up to 25µl with double-distilled water 

(ddH20). The thermo cycling conditions were as follows: Initial denaturation at (94 °C, 3 mins), 35 

cycles of denaturation (94℃, 30 secs), primers annealing (55℃, 1 min), primer extension (72 °C, 2 

mins) and final extension at 72 °C for 5 mins. 
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2.11. Serotyping of DENV Serotypes 

The PCR product obtained from the RT-PCR amplification using D1 and D2 as primers was 

further used as the template for DENV1-4 serotypes. Based on the above temperature conditions and 

reagent volumes, 0.5 µl and 1µl of the Nested 1 RT-PCR product (1:10 and 1:1000 in ddH20 for DENV 

serotypes 2 and DENV serotypes 1,3 and 4, respectively) was used as template in the subsequent 

nested PCR reaction (Table 1). In 25 µl reaction volume containing the forward primer D1 and the 

type-specific (TS) reverse primers; TS1, TS3 and TS4 (reverse primers for DENV serotypes 1, 3 and 4), 

and the forward primer, DV1 and DSP2, the reverse primers for serotype 2 was further amplified by 

nested PCR step II. The entire PCR product was resolved on a 3% agarose gel containing 0.5 µg/ml 

ethidium bromide (SERVA, Heidelberg, Germany). The expected sizes of the amplicons were 482 for 

DENV1, 362 for DENV2, 290 for DENV3 and 392 for DENV4 (Hakami et al., 2018). 

2.12. Data Analyses 

The data obtained from the questionnaire and the result of the laboratory tests was analyzed 

using Statistical Package for Social Sciences (SPSS) software (version 24 for Windows; SPSS Inc., 

Chicago, IL, USA). The odds ratios (OR) for the association of various variables in relation to dengue 

virus detection was analyzed using Epi-InfoTM. Descriptive statistics was used to determine the 

prevalence of dengue in human’s population. All data was analyzed and tested at p ≤ 0.05 and p ≤ 

0.05 was considered significant in all the analysis. 

3. Results 

Dengue Virus Antibodies (IgM) Among Patients in Adamawa State Using ELISA 

Serological results of the 600 individuals assay for IgM antibodies of DENV, 200 from each 

location, comprising of Mubi, Yola and Numan. Of the 600 febrile patients, 65% (390/600) of the sera 

were IgM positive for DENV (Table 2). Highest prevalence was observed in Mubi (81.5%: 163/200) 

and lower prevalence in Numan (52%:104/200). Dengue virus infection was significantly detected in 

Mubi (χ2 = 34.821, p=0.000; 95%CI= 0.304-0.614). Patients residing in Mubi were 3.4 times likely to be 

infected with DENV (OR = 3.35).  

Table 2. Prevalence of Dengue infection in the study Locations. 

Location No. examined No. positive(%)   χ2 95%CI OR p-value 

Mubi 200 163 (81.50) 34.821 2.233-5.049 3.357 0.000 

Yola 200 123 (61.50) 1.393 0.559-1.132 0.796 0.238 

Numan 200 104 (52.00) 21.437 0.304-0.614 0.432 0.000 

Total 600 390 (65.00)     

Results of other risk factors that might be associated with DENV infection is presented in (Table 

3). Based on the methods people use for protecting themselves against the Aedes mosquito’s bite 

namely, mosquito coil/repellant, net and insecticide. The highest prevalence (87.3%:55/63) was 

observed among those who use all these protective methods while lower prevalence (62.3%:149/239) 

was obtained among those who use net. Also, there was a significant association between DENV IgM 

detection with all the protective methods used (χ2 = 13.634, p=0.000; 95%CI=1.883-8.664). There were 

higher odds of association (OR=4.039) of protective methods use and DENV infection.  

Dengue virus IgM was highest (73.0%:46/63) in febrile patients that use well as their source of 

water and lower (50.0%:2/4) among those who use rain water as their sources of water. There was 

observed significant association (χ2 = 5.197, p=0.023; 95% CI =1.131-3.611) between well water and 
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prevalence to DENV infection. Febrile patients who use well water showed high odds of association 

(OR=2.021) with DENV infection.  

There was no significant association (χ2 = 0.227, p=0.634; 95% CI =0.227-0.634) between storage 

of water in the compound and DENV infection. Majority of the positive cases were observed among 

those that do not store water in the compound (69.8%:30/43). Febrile patients who store water in their 

compound showed higher likelihood (OR=1.247) of infection with DENV.  

Highest prevalence (66.2%:96/145) was obtained among those who do not empty water from 

discarded containers while lowest prevalence (65.2%:281/431) was observed among those who empty 

water from discarded containers.  

However, there was no significant association of DENV prevalence with those who do not empty 

water from discarded containers (χ2 = 0.015, p=0.904;95% CI =0.703-1.556).  

Highest prevalence (68.2%:116/170) was observed among those that have damaged drainage 

system/Septic tanks and lowest prevalence (64.5%:262/406) among those that have good drainage 

system/Septic Tanks. There was no significant association in the prevalence of DENV infection (χ2 = 

0.574, p=0.449) with the presence of damaged drainage system/septic tanks. However, those with 

damaged drainage system/septic tanks were 1.18 times likely to be infected with DENV(OR=1.18). 

Febrile patients that traveled outside the country had the highest prevalence (70.7%:70/99) while 

individuals that never travel outside the state had the lowest prevalence (60.3%:70/116). There was a 

significant association in the prevalence obtained among individuals that never travels outside the 

state and the presence of the virus (χ2 = 16.237, p=0.000; 95% CI=1.532-3.402). However, febrile patients 

who had travelled outside were 1.3 times likely to be infected with DENV (OR=1.340). 

Higher percentage (85.0%:34/40) of the patients indicated using traditional medicine for 

treatment of fever, while lowest prevalence (61.8%:226/366) were obtained among those who usually 

see doctor for treatment of fever. There was significant association between those who used 

traditional medicine for treatment and DENV infection (χ2 = 6.102, p=0.014, 95% CI=1.289-7.582). 

Patients who use traditional medicine for treatment showed higher likelihood of infection with 

DENV (OR=3.126). 

Table 3. Prevalence of dengue virus infection among febrile patients, in relation to some risk factors. 

Variables  No. 

examine 

No. positive 

(%) 

χ2 CI OR p-

value 

Mosquito’s protection 

methods used 

      

Mosquito 

coil/repellant 

129 82(63.6) 4.952 1.097-2.997 1.813 0.026 

Net 239 149(62.3) 1.777 0.548-1.101 0.777 0.182 

Insecticide 137 87(63.5) 0.261 0.591-1.317 0.882 0.609 

All of the above 63 55(87.3) 13.634 1.883-8.664 4.039 0.000 

Others (Fan, AC) 3 2(66.7) 0.000 0.094-11.604 1.046 1.000 

Sources of water 

supply 

      

Well 63 46(73.0) 5.197 1.131-3.611 2.021 0.023 

Borehole 305 202(66.2) 0.182 0.776-1.545 1.095 0.669 

River/stream 25 17(68.0) 0.006 0.482-2.683 1.137 0.938 

Tap 68 45(66.2) 0.001 0.613-1.787 1.047 0.974 

Rain 4 2(50.0) 0.014 0.074-3.788 0.529 0.907 

Sachet  108 62(57.4) 3.215 0.431-1.014 0.661 0.073 
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Water storage in the 

compound  

      

Yes 533 346(64.9) 0.227 0.408-1.574 0.802 0.634 

No 43 30(69.8) 0.227 0.227-0.634 1.247 0.634 

Emptying of 

discarded containers 

      

Yes 431 281(65.19) 0.015 0.643-1.422 0.956 0.825 

No 145 96(66.21) 0.015 0.703-1.556 

 

1.046 0.904 

Good drainage 

system/Septic Tanks 

      

Yes 406 262(64.53) 0.574 0.578-1.241 0.847 0.449 

No 170 116(68.24) 0.574 0.806-1.729 1.181 0.449 

History of Travel       

Travel out 99 70(70.71) 1.218 0.836-2.147 1.340 0.269 

Travel within the 

country 

363 238(65.56) 0.000 0.716-1.454 1.02 0.985 

Never travel outside 

the state 

116 70(60.34) 16.237 1.532-3.402 2.283 0.000 

Action during Fever       

Self-prescription from 

chemist 

160 113(70.62) 1.932 0.909-2.006 1.350 0.165 

Traditional medicine 40 34(85.00) 6.102 1.289-7.582 3.126 0.014 

See doctor 366 226(61.75) 7.433 0.399-0.849 0.582 0.006 

Symptoms presented by the febrile patients were considered (Table 4). The highest prevalence 

(72.9%:97/13; 72.9%: 27/37) of DENV IgM was observed among individuals who had fever and pains 

behind the eyes while lowest prevalence (53.3%:8/15) was obtained among those who had nausea. 

There was no significant association (χ2= 0.098, 0.438, p=0.508) between fever, pains around the eyes 

and DENV infection. Patients who reported symptoms of fever (OR= 1.472) and pains around the 

eyes (OR= 1.378) had more likelihood of been infected with DENV.  

Table 4. Distribution of dengue virus IgM according to the symptoms presented by patients. 

Variables  No. 

examined 

No. positive 

(%) 

χ2 CI OR p-value 

Symptoms        

Fever 133 97(72.93) 2.739 0.956-2.268 1.472 0.098 

Headache 142 90(63.38) 0.389  0.551-1.225 0.822 0.742 

Skin rash 18 12(66.67) 0.000 0.369-2.709 0.369 1.000 

Bleeding from nose 10 6(60.00) 0.013 0.208-2.677 0.746 0.910 

Joint pain 90 57(63.33) 0.374 0.524-1.343 0.839 0.541 

Pain around the eye 37 27(72.97) 0.438 0.652-2.912 1.378 0.508 
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Nausea 15 8(53.33) 0.694 0.201-1.574 0.562 0.405 

Vomiting 19 12(63.16) 0.007 0.329-2.203 0.852 0.934 

Others  85 57(67.06) 0.00 0.625-1.669 1.021 1.000 

In order to confirm dengue infection and to determine the dengue serotypes circulating among 

human patients in Adamawa State. Nine (9) serum samples positive for IgM ELISA were selected 

tested by semi-nested RT-PCR. Dengue virus 1,2, 3 and 4 serotypes specific primer sets was used with 

specific amplicons of 482 bp, 362bp, 290 bp and 392 bp respectively.  

The Electrophoregram of the amplified cDNA by RT-PCR is presented in Figure 2. Lanes M: 

Standard size marker of 50bp, C- = negative control, C+ = positive control of DENV-4 (392bp) from 

cell culture propagation in Vero cells, Lanes 107,113,149 (Mubi), Lanes 9,15,89 (Yola) and Lanes 23,36, 

44 (Numan) were test samples. Dengue virus 1, was detected in all the representative samples 

(100%:9/9), DENV 4 was detected in 6 samples (66.7%). Mixed infection of DENV1 and DENV4 

occurred in 6 samples (66.7%). However, DENV 3 and DENV 2 were not detected in any of the 

samples tested (Figure 3.  

 

Figure 2. Electrophoregram of amplified cDNA by RT-PCR isolated from human serum. 

 

Figure 3. DENV Serotypes circulating among patients in Adamawa State. 
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4. Discussion 

4.1. Screening of IgM Antibodies Against DENV Infection Among Patients in Adamawa State  

This study was conducted to screen IgM antibodies against dengue virus infection among febrile 

patients in Adamawa State, Nigeria. Results obtained showed 65% of the febrile patients studied have 

been exposed to DENV infection and was significantly distributed by location during the study. The 

high prevalence obtained in the study could be attributed to the following reasons. Firstly, the 

samples were collected from febrile patients with DENV indicative symptoms during period of peak 

of Aedes mosquito breeding, thus transmission due to DENV was in corroboration with Baba et al. 

(2011) who reported dengue antibodies to be significantly higher during the raining season, than 

during the cold harmattan and dry periods in the North-east, Nigeria. Secondly, the insurgency in 

North-east, Nigeria might have forced infected people from neighbouring states and some of the 

affected areas to settle in these cities for safety which might have led to over population and possible 

surge in the risk of transmission. Thirdly, trans-border transmission due to socio-economic activities 

as the state shares borders with Cameroon, that have been reported to have prevalence of 61.4% in 

Douala, 24.2% in Garoua and 9.8% in Yaounde (Demanou et al., 2014). 

The 65% prevalence reported in this study is higher than the 0.5% reported in Borno (Baba and 

Talle, 2011), 51.9% reported from three selected hospitals in Kaduna State (Bello, et al., 2016), 35% 

reported in Ibadan by Oyero and Ayukekbong (2014), 30.8% in Kwara State by Adedayo et al. (2013) 

and 17.2% reported among healthy individuals, in Ogbomoso, Oyo State (Oladipo et al., 2014). In 

contrast, lower than the prevalence of 78.3% reported in the febrile patients attending secondary 

health facilities in Kano (Abdulaziz et al., 2020), the 77.1% prevalence reported among children with 

febrile illness in Nnewi, Anambra State, the 67.71% prevalence reported in sera samples collected 

from febrile, clinically suspected malaria/typhoid patients in Borno State, (Baba et al., 2013) and 74.4%  

prevalence among Internally Displaced Persons (IDPs) in North-east, Nigeria (Oyinloye, et al., 2016). 

Thus, the variations may be related to the fact that infections tend to vary from one locality to another 

and from one country to another depending on the level of the associated risk factors, seasons of the 

samples collection, methods of analysis and climatic conditions.   

Highest seroprevalence was obtained in Mubi (81. 5%).This correlates with DENV infection 

detected in Aedes mosquitoes, which was also highest in Mubi. Therefore, there is high endemicity of 

DENV IgM, in the study area which could lead to epidemic if left unchecked.  

4.2. The Risk Factors Associated with DENV Transmission in Adamawa State 

Despite the use of mosquito protection methods against bite such as mosquito coil, net, 

insecticide and repellant by individual’s participants, infection was still found to be significantly 

associated with all the methods used. Probably, the people have been exposed to Aedes mosquitos’ 

bites during outdoors activities such as leisure hours, field activities, relaxation centers and public 

places, since Aedes species are known to bite during the day time and more Aedes mosquitoes were 

collected in the study areas between 6:45am-6:23pm.  

The study consent with that of Ndenga et al. (2017) who reported that most human-vector contact 

occurs during the time of the day. The study also agrees with that of Liu et al., (2019) who found out 

that people who participated in outdoor sports activities were at a significantly higher risk of 

contracting DENV than those who did not. Also, the Aedes species might have developed resistance 

over time against the commercially available aerosols and repellant in the study area. 

The infection was significantly associated and highest among individuals who uses well water 

as their sources of water. Many of the study population depend mainly on personal wells dug in or 

around their houses. However, some of the wells in the study areas were shallow as well as open. 

Similarly, some of the wells were surrounded with water puddles, discarded containers and water 

troughs for domesticated animals such as poultry, dogs, cats and caged birds. These might have 

increased a potential breeding spots for Aedes species, since Aedes mosquitoes are known to breeds in 

any small water collection available to them. World Health Organization has established that Aedes 
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mosquitos’ breeds in small water collections, in and around houses made up of drinking water 

containers, discarded car tyres, flower vases and ant traps (WHO, 2020). The Aedes species after 

breeding in the water paddles and discarded containers might have acquired DENV from infected 

humans and eventually aid the spread of the DENV in the area.  

The consequence of rapid urbanization due to the upheavals in the North-east might have 

contributed to the overstretching of infrastructure, thereby reducing the possible supply of clean 

treated drinking water in the area, thus encouraging digging of shallow wells and storage of water 

in the houses. Beside, most of the study participants are poor who largely depend on public water 

supply systems (borehole) or well water. The low prevalence obtained among those that uses rain 

water may not be unconnected to the fewer number of individuals who indicated using rain water 

as sources of drinking water. Thus, this finding established that the use of well water in the area is 

important in the spread of DENV infection. 

Dengue infection was highest and insignificantly associated with individuals who do not store 

water inside containers in the study locations. It is possible that many of the people despite storage 

of water in containers might have unknowingly been practicing dengue eradication programme by 

covering of water storage tanks and vessels with lids or mesh to prevent mosquitoes from breeding. 

It is also clear that the high dengue infection obtained in the study may not be due to water storage 

in containers. However, febrile patients who store water in their compound were likely to be infected 

with DENV. 

The study also established highest prevalence of DENV infection among individuals who do not 

empty discarded containers free from water as part of DENV controls measures. Although not 

statistically significant, but is an indicator of possible ground for Aedes mosquitoes breeding in the 

study area. It also signifies the importance of emptying discarded containers free from water for 

prevention of outbreaks. 

Dengue virus was insignificantly detected with highest prevalence among those whose 

drainage/Septic Tank were opened or broken. Those with damaged drainage system/septic tanks 

indicated likelihood of infection with DENV. The study area was observed to have poorly constructed 

septic tanks/drainage systems which were broken and blocked with solid waste due to human 

activities over time and overflown with stagnant water. Some of the Aedes species were collected in 

damaged septic tanks around the residential areas. This might have provided favourable 

environmental conditions for the breeding of DENV vector and thereby increasing the transmission 

of DENV infection in the area. The study agrees with that of Dhimal et al. (2014) who established 

association of dengue virus vectors and poor septic tanks/drainage systems in Nepal. 

In terms of travel history, the study showed significant difference with those that never travel 

outside the state. It means that individuals were highly susceptible to the infection despite not 

travelling outside the country. This indicates that the disease is domicile within the population and 

those participants might have gotten it from asymptomatic individuals through the bite of infected 

Aedes mosquito.  

However, there was strong association between travel history and the prevalence of DENV 

infections in the study area. Highest prevalence was observed among those who had the privilege of 

travelling outside the country but not statistically significant. This study further confirms possible 

cross boarder transmission. This is not surprising since Adamawa State shares borders with 

Cameroon and people usually visit for educational, vocational or business activities. Thus, increasing 

the risk of importing and distributing DENV infection. Similarly, Ratnam et al. (2013) confirm dengue 

as the common cause of fever and accounting to about 16% of all febrile illnesses in returned travelers. 

Also, Raut et al. (2015), further stressed a connection between dengue prevalence and history of 

travels; in which, DENV infection was detected in a young man attending college in India after 

returning from Nigeria.  

This study also showed highest prevalence and significant association among those who use 

traditional medicine for treatment of fever. The high prevalence obtained could have been due to the 

ineffectiveness of the remedies used or the poor method of administering a correct dosage. The 
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people of Adamawa State, uses medicinal plants for treatment of infectious diseases, some of the 

people preferred it to the orthodox drugs (Thagriki et al., 2015). However, despite the wide acceptance 

of traditional medicine in Nigeria for treatment, it has its attendant consequences. The safety and 

effectiveness of a sizeable number of such plant-based formulations have not been scientifically 

validated and proven by researchers for treatment of DENV fever (Singh and Rawat, 2017). In 

addition, there is problem in ensuring safety, effectiveness, efficacy and quality of traditional 

medicine in Nigeria (Augustine et al., 2017). 

In respect to symptoms of DENV infection, each study participants indicated at least one 

symptoms of DENV infection. However, highest prevalence was observed among those who came 

with complain of fever and pains around their eyes but not significant. This agrees with several 

reports that stated fever and pains around the eye as one of the commonest symptoms of DF (CDC, 

2020). This is a further confirmation to the fact that the target populations were truly febrile patient 

who came to seek medical assistance. However, this is a community that perceives most fever to be 

due to malaria and many usually resolve to self-medication. 

4.3. Dengue Virus Prevalence and Serotypes Circulating in Humans in Adamawa State 

The study also considered DENV serotypes circulating among febrile patient in Adamawa State. 

The RT-PCR results of the positive samples showed DENV1 to be the most dominant serotype 

circulating currently among humans in Adamawa State. This could be due to the vector competency 

in transmission of DENV 1 serotype to humans in the study area compared to the other serotypes. 

This finding agrees with that of Mwanyika et al. (2019) who reported DENV1 as the most dominant 

serotypes among febrile patient in Tanzania. The finding however, contrast Ayolabi et al. (2019) who 

detected DENV 1 and 3 to be actively circulating in Lagos, Nigeria and Shah et al. (2020) who found 

DENV 1-4 serotypes among children with undifferentiated fever in Kenya. The variation observed 

could be due to differences in study locations, populations and time of the study.  

Even though, we found DENV1-4 serotypes circulating in Aedes species in the same study 

locations, we did not isolate DENV-2 and 3 serotypes in humans. This suggests an inefficient 

transmission of DENV-2 and DENV-3 by the vectors in Adamawa State even though DENV 1, 2 and 

3 serotypes have been reported among febrile patients in Borno State (Baba et al., 2011). However, we 

did not screen all the positive samples obtained by IgM ELISA using multiplex semi nested RT-PCR 

for DENV serotypes, rather we only used representative samples. 

The study reported DENV serotypes co-circulating among humans in Adamawa State for the 

first time. Simultaneous infection of DENV serotypes is possible especially during outbreaks and this 

suggest hyper endemic of DENV infection in the study areas. The mixed-infection of DENV serotypes 

could increase or worsen the severity of the disease leading to dengue haemorrhagic fever and 

dengue shock syndrome. The mixed infection could also create difficulty in the management of 

patient (Mwanyika et al., 2019).  

5. Conclusions  

The seroprevalence of DENV among febrile patients attending public health facilities in the 

study locations was found to be 65% and highest in Mubi (81.5%). This is an indication of the potential 

endemicity of DENV infection in the North-east, Nigeria.  

The highest and significant association of DENV infection was observed among those using well 

water (73.0%; OR=2.021;95% CI:1.131-3.611), the mosquito protection methods used against Aedes 

mosquitoes bite (87.3%; OR= 4.039;95%CI:1.883-8.664), those that never travel outside the state (60.3%; 

χ2 = 16.237, OR=2.28; p=0.000; 95% CI=1.532-3.402) and those who use traditional medicine for 

treatment of fever (85.00%; OR= 3.13 ;95%CI:1.289-7.582). Mixed infection of DENV 1 and 4 were 

detected in humans with DENV-4 serotype not previously described in Nigeria. Therefore, these 

individuals could serve as a potential reservoir for the transmission of DENV infection.  
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6. Recommendation 

Given the high prevalence obtained in our study, there is the need to strengthen the surveillance 

system (humans, animal and vectors) to prevent outbreaks and/or to ensure the early detection of a 

potential epidemic. 
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