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ABSTRACT

Backround: Data on Dengue virus (DENV) infection prevalence, geographic distribution and 
risk factors are necessary to direct appropriate utilization of existing and emerging control 
strategies. This study aimed to determine the pooled prevalence, risk factors of DENV infection 
and the circulating serotypes within Nigeria from January 1, 2009 to December 31, 2020.
Materials and methods: Twenty-one studies out of 2,215 available articles were eligible and 
included for this systematic review. Relevant articles were searched, screened and included 
in this study according to the Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) criteria. The risk of bias in primary studies was assessed by Cochrane's 
method. Heterogeneity of pooled prevalence was calculated using the chi-square test on 
Cochrane's Q statistic, which was quantified by I-square values. The random-effects analyses 
of proportions were used to determine the pooled prevalence of DENV antibodies, antigen 
and RNA from eligible studies.
Results: Of these, 3 studies reported co-circulation of all the 4 serotypes, while 2 separately 
reported co-circulation of DENV-1 &2 and DENV-1 to -3. All the antibody-based studies had 
significantly high heterogeneity (I2 >90%, P <0.05), while the NS1 and PCR-based studies had 
low heterogeneity (I2 <25%, P >0.05). The pooled prevalence of DENV IgM, IgG, RNA, NS1 
and neutralizing antibodies were 16.8%, 34.7%, 7.7%, 7.7% and 0.7%, respectively. South-
east Nigeria had the highest pooled DENV-IgG seropositivity, 77.1%. Marital status, gender, 
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educational level and occupation status, the proximity of residence to refuse dumpsite, 
frequent use of trousers and long sleeve shirts were significantly associated with DENV IgG 
seropositivity (P <0.05).
Conclusion: Based on these findings, it can be inferred that Nigeria is hyperendemic for 
Dengue fever and needs concerted efforts to control its spread within and outside the country.

Keywords: DENV; Risk factor; Endemic; Dengue serotype; Systematic review; Nigeria

INTRODUCTION

Dengue fever is the most broadly spread mosquito-borne disease, transmitted by infected 
mosquitoes of Aedes species [1]. Classically, human Dengue virus (DENV) infection results 
from four serotypes (DENV-1-4) with 62 - 67% sequence homology [2]. The classification 
in the 4 serotypes was based on the immunological response of patients to primary DENV 
infection by one of the serotypes. Consequently, a primary infection of DEN protects against 
a secondary infection by a homologous DENV serotype but confers partial and transient 
protection against a heterologous DENV serotype [3].

Dengue fever is endemic in more than 100 countries with most cases reported from the 
Americas, South-east Asia and Western Pacific regions of World Health Organizaion [4]. In 
Africa, the first reported Dengue fever outbreaks occurred in Zanzibar (Tanzania) in 1,823 and 
1870 [5]. Subsequently, several other African countries reported unconfirmed outbreaks of 
Dengue fever in the early 1900s [6]. Although many outbreaks aren't ever officially reported, 
between 1960 and 2017, more than 20 laboratory-confirmed Dengue fever epidemics were 
reported in more than 20 African countries [6, 7].

In Nigeria, Dengue fever is endemic in almost all states and could be the leading cause of 
unclassified febrile illnesses [8]. Dengue fever has a mixed distribution among urban, and 
rural areas and was previously predominant reported in urban areas than in rural areas [9]. 
Surveillance for Dengue fever in Nigeria is subpar due to it is not a public health priority 
associated with a lack of public awareness of the virus and poor understanding by healthcare 
professionals evident in the misdiagnosis and underdiagnosis of the viral infection in many 
uncategorized febrile illnesses [10]. The Dengue disease burden may be grossly under-
estimated in Nigeria [11]. A country is said to be hyperendemic for Dengue when all the four 
serotypes co-circulate at the same time [11].

Case detection, management, and vector control are the main strategies for the prevention 
and control of dengue virus transmission [12]. Information about Dengue disease burden, its 
prevalence, incidence and geographic distribution is necessary in decisions on appropriate 
utilization of existing and emerging prevention and control strategies. In cognizance of these, 
this study aimed to provide a systematic review on the pooled prevalence and estimate the risk 
factors of DENV infection in Nigeria. Furthermore, we reviewed the serotype distribution of 
DENV in circulation as well as the proportion of non-primary infections.
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METERIALS AND METHODS

1. Data sources and search strategy 
Relevant articles were searched, screened and included in this study according to the 
Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) criteria. 
Articles search through Web of Science, PubMed, Medline, EMBASE, Scopus, Google Scholar 
and Index Medicus for the Africa database using different combinations of the following 
keywords “Dengue virus”, “DENV Prevalence”, “Serological detection”, “Dengue Fever”, 
“DENV” and “Dengue combined with the names of Nigeria cities and states”. All databases 
were searched for only English-language full-text original articles published from January 
1, 2010 to December 30, 2020. Multiple sources for article search were done to enhance the 
sensitivity of finding relevant articles.

2. Review selection
Studies identified through electronic and manual searches were listed in EndNote software 
(EndNote 20, Thomson Reuters, Toronto, Canada). After exclusion of duplicate citations, 
all authors separately reviewed titles and abstracts of selected articles. Relevant full-text 
studies obtained were assessed for eligibility and risk of bias. All original articles from 
peer-reviewed scientific journals with a cross-sectional or survey design that estimated the 
prevalence of DENV infection in humans and animals were considered potentially eligible 
for inclusion in this review. Relevant studies whose full-text was not available were sought 
through contacting the corresponding author through email. All studies outside of Nigeria 
were excluded. Any discordant from data interpretation between the authors were resolved 
through collective discussion.

3. Literature search strategy 
In the study, we utilized the PICOS questions as a guideline that typically related to reviews 
of intervention effectiveness. So, the PICOS focused search strategy structure used in this 
study, focused on (P) which referred to population or patient, (I) to intervention or exposure, 
(C) refers to comparison, (O) refers to the outcome and (S) to study design. We used DENV 
infection to denote P, anti-DENV IgM, anti- DENV IgG, DENV NS1, DENV Neutralizing 
antibodies or DENV RNA positive to denote I, no DENV infection, DENV seronegative or 
DENV RNA negative to denote C and fever, febrile illness, DENV disease to denote O and 
cross-sectional study denotes S.

4. Assessment of study bias
The risk of bias in primary studies was assessed by Cochrane's method. The sample size of 
every study was included as one of the criteria for determining the risk of bias, as described 
by Humphrey et al [7]. DENV prevalence studies were evaluated in 3 domains, these include; 
sampling technique, the participation level of the subjects and DENV test method. Studies 
were categorized as low risk of bias if they used random sampling techniques, ˂80% 
involvement of respondents and the use of either virus neutralization test or NAAT for the 
determination of DENV prevalence from the overall study population [13].

Studies that did not provide information for the three aforementioned domains were classified 
as having an unclear risk of bias. When a study does not have one of the domains, it was 
considered a moderate risk of bias. Furthermore, if two domains were not obtainable, such 
studies were classified high risk of bias. The use of random sampling technique was only 
applicable for studies on the general population because there will be significantly high bias in 
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selecting participants with acute fever infection from healthcare facilities. Studies on humans 
were considered to have high precision if their sample sizes were greater than 100 [14].

Our secondary outcomes of interest were the following: (1) proportion of primary and 
secondary infections among the laboratory-confirmed dengue patients. This classification was 
made based on the information about dengue serology provided included articles. Primary 
Dengue infection was defined as an acute infection, as indicated by qualitative detection of NS1 
antigen, and/or IgM or HI antibodies or reverse transcription-polymerase chain reaction (RT-
PCR) positivity and absence of IgG antibodies against dengue virus. A case of acute infection as 
defined above, in presence of IgG antibodies, was considered as secondary DENV infection (2) 
distribution of predominant and co-circulating dengue virus serotypes.

5. Data extraction and curation
Data were extracted from the selected studies into an excel sheet. Data were extracted based 
on first author name, year of publication, state/city, sample size, participants' age, sex and 
other available sociodemographic variables of participants and DENV prevalence by assay 
type. Data cleaning was done to identify and correct errors during collection to minimize 
their effects on the results.

6. Statistical analysis
The crude prevalence of DENV infection was calculated based on crude numerators and 
denominators provided by all eligible studies. Heterogeneity of pooled prevalence was 
calculated using the chi-square test on Cochrane's Q statistic, which was quantified by 
I-squares values, assuming I-square values of 25, 50 and 75% respectively representing low, 
medium and high heterogeneity. Medcalc software Version 2019.19.0.7 (Ostend, Belgium) 
was used for all statistical analysis. P-values less than 0.05 at 95% confidence interval (CI) 
were considered statistically significant.

RESULTS

1. Study selection and characteristics
Our search yielded a total of 2,227 citations and 53 full articles were reviewed. Data were 
abstracted from 21 articles after applying exclusion criteria (Fig. 1). The studies were 21 
eligible studies conducted from 2009 to 2020 [8, 11, 15-21, 23-31]. Three out of the 21 
studies reported co-circulation of all the 4 serotypes, while 2 studies separately reported co-
circulation of DENV-1 & 2 and DENV-1 to 3 (Table 1). About 28.6%, 28.6% and 42.8% of the 
eligible studies had high, low and intermediate risk of biases, respectively.

A total of 6,210 participants from 21 studies across Nigeria were recruited to participate 
in the several studies included in the systematic review. Based on sample size across each 
geopolitical zones of Nigeria, North-central had the highest sample size included in the study 
(1,752), followed by North-central (1,251), North-west (1,422), South-west (1,171), North-east 
(1,015), South-south (754) and South-east (96) (Table 2).

2.  Summary of prevalence study characteristics of Dengue virus infection in 
Nigeria

The prevalence of DENV ranged from 3.9% to 77.1% among the analyzed studies (Table 2). 
Stratified analysis showed a wide variation in the prevalence of DENV based on the region 
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2,215 records identified through
PubMed (1,200), Scopus (94), Google
Scholar (800), Web of Science (121)

14 additional records
identified through

other sources

401 duplicates filtered out

1,773 excluded based
on title and abstract

34 full-text articles
excluded based on
geographical area

55 full-text articles assessed for eligibility

1,828 records screened

21 studies included in qualitative synthesis

21 studies included in quantitative synthesis
(meta-analysis)

Figure 1. PRISMA flow diagram of search strategy for inclusion of published studies. 
PRISMA, preferred reporting items for systematic reviews and meta-analyses.

Table 1. Study characteristics included in this systemic review
Reference Gender of Study 

population; period 
of data collection; 

location

Sample 
size

Study design Mean age 
(SD) or 

age range 
(years)

Method of 
detection

Dengue 
serotype 
detected

No. of Dengue cases 
alone/prevalence (%)

No. of Dengue 
co-infection 

cases/
prevalence (%)

Overall 
dengue 

prevalence

Risk of bias

Mustapha et 
al. [15]

Recruitment of 
male and female 
participants in 
Gwagwalada, FCT, 
Abuja.

178 Cross 
sectional

≤10 - >50 Malaria: 
microscopy

NAa 56/126 (44.4) 23/52 (44.2) IgG = 79/178 
(44.4)

Intermediate

Dengue: ELISA-
IgG

Ugwu et al. 
[16]

Recruitment of 
male and female 
participants in 
Jos, Plateau 
State.

118 Cross 
sectional

1 - 60 Dengue: ELISA-
IgG, ELISA-IgM, 
ELISA-IgM/IgG

DENV 
1 - 4

Male = 8/42 (19.0) [IgM] NAb IgM = 13/118 
(11.0)

Intermediate
Male = 9/42 (21.4) [IgG]
Male = 1/42 (2.4) [IgM/

IgG]
IgG = 17/118 

(14.4)
Female = 5/76 (6.6) 

[IgM]
Female = 8/76 (10.5) 

[IgG]
IgM/IgG = 
3/118 (2.5)

Female = 2/76 (2.6) 
[IgM/IgG]

Sule et al. 
[17]

Recruitment of 
male and female 
participants in 
Osun State

89 Institutional-
based, 

retrospective

15 - 33 
(19.7 ± 

2.9)

Dengue: ELISA-
IgG, ELISA-IgM

DENV 
1 - 4

Male = 10/43 (23.3) 
[IgM]

NAb IgM = 37/89 
(41.6)

High

Male = 11/43 (25.6) 
[IgG]

Female = 27/46 (58.7) 
[IgM]

IgG = 30/89 
(33.7)

Female = 19/46 (41.3) 
[IgG]

(continued to the next page)
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Table 1. (Continued) Study characteristics included in this systemic review

12-year DENV infection prevalence & genotypes in Nigeria

Reference Gender of Study 
population; period 
of data collection; 

location

Sample 
size

Study design Mean age 
(SD) or 

age range 
(years)

Method of 
detection

Dengue 
serotype 
detected

No. of Dengue cases 
alone/prevalence (%)

No. of Dengue 
co-infection 

cases/
prevalence (%)

Overall 
dengue 

prevalence

Risk of bias

Idoko et al. 
[18]

Recruitment of 
male and female 
participants in 
Kaduna State

340 Cross 
sectional

NAa Malaria: 
microscopy

NAa 4/182 (2.2) 2/158 (1.3) IgM = 6/334 
(1.8)

Intermediate

Dengue: ELISA-
IgM

Oladipo et 
al. [19]

Recruitment of 
male and female 
participants in 
Ogbomoso, Oyo 
State

93 Cross 
sectional

37.6 ± 
0.67

Dengue: ELISA-
IgM

NAa Male = 7/37 (18.9) NAb IgM = 16/93 
(17.2)

High
Female = 9/56 (16.1)

Suchi et al. 
[20]

Recruitment of 
male and female 
participants in 
Karu, Nasarawa 
State between 
February -  July, 
2017.

400 Cross 
sectional

≤20 - ≥30 Malaria: 
microscopy

NAa 2/380 (0.5) 10/20 (50) IgM = 
12/400 (3.0)

Low

Dengue: ELISA-
IgM, ELISA-IgG, 
ELISA-NS1

NS1 = 
12/400 (3.0)
IgG = 0/400 

(0.0)

Mahmoud et 
al. [21]

Recruitment 
of male blood 
donors and 
pregnant female 
participants in 
Dutse, Jigawa 
State.

391 Cross 
sectional

11 - 50 Dengue: ELISA-
IgG, ELISA-IgM, 
ELISA-IgM/IgG

NAa Male = 35/233 (15) [IgM] NAb IgM = 58/391 
(14.8)

Intermediate
Male = 38/223 (17) [IgG]

Male = 21/223 (9.4) 
[IgM/IgG]

IgG = 48/391 
(12.3)

Female = 23/118 (19.5) 
[IgM]

Female = 10/118 (8.5) 
[IgG]

IgM/IgG = 
23/391 (5.9)

Female = 2/118 (1.7) 
[IgM/IgG]

Oladipo et 
al. [22]

Recruitment of 
male and female 
participants from 
urban and rural 
areas of Oyo 
State.

93 Cross 
sectional

1 - 75 Dengue: ELISA-
IgM, West Nile: 
ELISA-IgM, 
Yellow fever: 
ELISA-IgM.

NAa NAc NAc IgM = 16/97 
(16.5)

High

Kolawole et 
al. [23]

Recruitment of 
male and female 
participants from 
Illorin, Kwara 
State.

176 Cross 
sectional

0 - >70 Malaria: RNeasy 
mini kits

DENV 
1 - 4

IgM = 76/171 (44.4) IgM = 5/5 (100) IgM = 81/176 
(46.0)

Low

Dengue: ELISA-
IgM, ELISA-IgG, 
RT-PCR

IgG =  NAa IgG =  NAa IgG = 48/176 
(27.3)

RNA = 11/176 
(6.3)

Dawurung et 
al. [24]

Recruitment of 
male and female 
participants from 
Jos, Plateau 
State.

182 Cross 
sectional

0 - 70 Malaria: 
microscopy, 
Typhoid: widal, 
Dengue: ELISA-
NS1 antigen.

NAa 2/96 (2.1) 2/86 (2.3) NS1 = 4/182 
(2.2)

Low

Nasir et al. 
[11]

Recruitment of 
male and female 
participants in 
Gwagwalada, FCT, 
Abuja from May - 
August, 2016.

171 Hospital-
based cross-

sectional

1 - ≥49 Dengue: ELISA-
NS1 & ELISA-IgG.

DENV 
1 - 4

Male = NAa [NS1] NAb NS1 = 3/171 
(1.8)

Intermediate
Male = 28/72 (38.9) 

[IgG]
Female = NAa [NS1] IgG = 62/171 

(36.3)
Female = 46/99 (46.5) 

[IgG]
NS1/IgG = 
12/171 (7.0)

Onoja et al. 
[25]

Recruitment of 
male and female 
participants in 
Cross River State.

17 Cross-
sectional

13 - 80 Dengue: RT-PCR DENV 
1 - 2

NAa NAb RNA = 3/17 
(17.6)

Intermediate

Hamisu et al. 
[26]

Recruitment of 
male and female 
participants 
in Maiduguri, 
Borno State from 
January - May, 
2016.

91 Cross-
sectional

1 - ≥60 Dengue: ELISA-
NS1 & ELISA-
IgM.

NAa Male = 2/18 (11.1) [NS1] NAb NS1 = 9/91 
(9.9)

Intermediate

Male = 4/18 (22.2) [IgM] IgM = 34/91 
(37.4)

Female = 7/73 (9.6) 
[NS1]

NS1/IgM = 
3/91 (3.3)

Female = 30/73 (41.1) 
[IgM]

(continued to the next page)



of study and laboratory protocol for Dengue detection. DENV prevalence was significantly 
highest in South-east of Nigeria 74 (77.1%), followed by North-west 534 (37.6%), South-west 
402 (34.3%), North-central 413 (23.5%), North-east 93 (9.2%), while the least was South-
south 30 (3.9%) (P <0.0001) (Table 2). Among all the eligible studies, the prevalence of 
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Table 1. (Continued) Study characteristics included in this systemic review

12-year DENV infection prevalence & genotypes in Nigeria

Reference Gender of Study 
population; period 
of data collection; 

location

Sample 
size

Study design Mean age 
(SD) or 

age range 
(years)

Method of 
detection

Dengue 
serotype 
detected

No. of Dengue cases 
alone/prevalence (%)

No. of Dengue 
co-infection 

cases/
prevalence (%)

Overall 
dengue 

prevalence

Risk of bias

Baba et al. 
[27]

Recruitment 
of participants 
in FCT-Abuja, 
Gombe, Kano, 
Calabar and 
Maiduguri, Borno 
State from June 
2001 - July, 2002.

1948 Cross-
sectional

NAa WNV: RT-
PCR, PRNT-
neutralizing Ab; 
Dengue: ELISA-
IgG, ELISA-
IgM, PRNT-
neutralizing Ab.

DENV 
1 - 4

11/1,946 (0.6) 2/2 (100) IgM = 
13/1,948 

(0.7)

Low

IgG = 
979/1,948

Neutralizing 
Ab = 

13/1,948
Adesina & 
Adeniji [28]

Recruitment of 
male and female 
participants in 
Ile-Ife.

179 Cross-
sectional

<1 - 90 Malaria: 
microscopy

NAa 9/44 (20.5) 37/135 (27.4) IgM = 46/179 
(25.7)

Intermediate

Dengue: ELISA-
IgM

Abdulaziz et 
al. [29]

Recruitment of 
male and female 
participants 
in Kano in 
November 2017.

424 Hospital-
based, cross-

sectional

<10 - ≥50 Malaria: RDT NAa 332/343 (96.8) 67/81 (82.7) IgM = 
399/424 

(94.1)

Intermediate
Dengue: ELISA-
IgM

Otu et al. [8] Recruitment of 
male and female 
participants in 
Calabar, Cross 
River State 
between January 
4 – August 24 
2017.

420 Cross-
sectional

34 (1 - 99) Malaria: 
microscopy

NAa 16/202 (7.9) 8/218 (3.7) IgM/IgG = 
24/420 (5.7)

Intermediate

Dengue: RDT-
IgM/IgG

Chukwuma 
et al. [30]

Recruitment of 
male and female 
participants in 
Nnewi, Anambra 
State.

96 Cross-
sectional

0 - 5 Malaria: 
microscopy

NAa 3/17 (17.6) 71/79 (89.9) IgM = 74/96 
(77.1)

High

Dengue: ELISA-
IgM

Onyedibe et 
al. [31]

Recruitment of 
participants in 
Jos, Plateau State 
and Maiduguri, 
Borno State from 
March-August, 
2014.

529 Cross-
sectional

<18 - 57 Malaria: 
microscopy, 
Dengue: 
ELISA-NS1/IgM, 
ELISA-IgM/IgG, 
ELISA-IgM & 
ELISA-IgG.

NAa 83/412 (20.1) 28/117 (23.9) IgG = 23/529 
(4.3)

Low

IgM = 
29/529 (5.4)
NS1 = 7/529 

(1.3)
IgM/IgG = 

39/529 (7.3)
IgM/NS1 = 

13/529 (2.5)
Oyero & 
Ayukekbong 
[32]

Recruitment of 
male and female 
participants in 
Ibadan, Oyo State 
from January - 
April, 2013.

188 Cross 
sectional

4 - 82 (31) Malaria: 
microscopy, 
Dengue: ELISA-
NS1, ELISA-IgM 
& ELISA-IgG.

NAa IgG = 94/144 (65.3) IgG = 44/44 
(100)

IgG = 
138/188 (73)

Low

NS1 = 48/144 (33) NS1 = 19/44 
(43)

NS1 = 67/188 
(35)

Ayolabi et al. 
[33]

Recruitment of 
male and female 
participants in 
Lagos, Lagos 
State from April - 
August, 2018.

130 Cross 
sectional

≤60 Dengue: RT-
PCR/Sequencing

DENV 
1 - 3

NAa NAb RNA = 11/130 
(8.5)

Low

anot available, bnot applicable, caccessible.
SD, standard deviation; FCT, federal capital territory; ELISA: enzyme linked immunosrobent assay; IgG, immunoglulin G; NA: nucleic acid; DENV, Dengue virus; 
IgM, immunoiglobulin M; NS1, non-structural protein-1; RNA, ribonucleic acid; RT-PCR, reverse transcriptase-polymerase chain reaction; WNV, West Nile virus; 
PRNT, plaque reduction neutralization test; RDT, rapid diagnostic test.



DENV was estimated as 1,303 (23.8%), 25 (7.7%), 24(5.7%) and 13 (0.67%) by enzyme linked 
immunosorbent assay (ELISA), RT-PCR, rapid diagnistic test (RDT) and plaque reduction 
neutralization test (PRNT), respectively (Table 2).

3. Pooled prevalence of Dengue virus infection in Nigeria
The prevalence of DENV infection varied depending on the clinical presentation and 
biomarkers of infection (Table 3). The pooled IgM seroprevalence of DENV infection among 
the study participants was 16.8% (95% confidential interval [CI]: 15.8 - 17.9), IgG 34.7% 
(95% CI: 33.2 - 36.2) and IgM/IgG was 6.1% (95% CI: 4.9 - 7.5) (Table 3). The prevalence 
of DENV NS1, DENV IgM/NSI combined seropositivity, and DENV IgG/NS1 combined 
seropositivity among the study participants were 7.7% (95% CI: 6.3 - 9.4), 7.8% (95% CI: 4.6 
- 12.4) and 7.0% (95% CI: 3.7 - 11.9), respectively (Table 3). The pooled prevalence of DENV 
RNA positivity was 7.7% (95% CI: 5.1 - 11.2) while, the prevalence of DENV neutralizing 
antibody was 0.7% (95% CI: 0.36 - 1.1). All the antibody-based studies had significantly 
high heterogeneity (I2 >90%, P <0.05), while the NS1 and PCR-based studies have low 
heterogeneity (I2 <25%, P >0.05).

4.  Pooled Socio-demographic risk factors of Dengue virus IgG seropositivity 
in Nigeria

Out of 12 eligible studies, 775 participants were ≤20 years of age, 881 participants 21 - 30 years 
and 836 participants ≥30 years. Those between 21 - 30 years had odds ratio (OR) of 0.66 (95% 
CI: 0.54 - 0.81) and was not significantly associated with pooled DENV IgG seroprevalence 
when compared with participants ≥30 years (P >0.05). Out of 13 eligible studies, there 
were 1,259 male and 1,284 pooled participants (Table 4). The males had OR of 0.83 (95% 
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Table 2. Summary of prevalence study characteristics of Dengue virus infection in Nigeria
Features Categories Number of studies Number of participants Number of Dengue cases (%) P-value Chi-square
Geo-political zone North-east 4a, b 1,015 93 (9.2) <0.0001 626.1

North-west 4a 1,422 534 (37.6)
North-central 8a, b 1,752 413 (23.5)

South-west 7a 1,171 402 (34.3)
South-east 1 96 74 (77.1)

South-south 3a 754 30 (3.9)
Laboratory protocol for 
Dengue detection

RDT 1 420 24 (5.7) ND ND
PCR 3 323 25 (7.7)

ELISA 17 5,465 1,303 (23.8)
PRNT 1 1,948 13 (0.67)

aIncluded a study with study areas from six different geographical regions.
bIncluded a study with study areas from two different geographical regions.
RDT, rapid diagnostic test; ND, not done; PCR, polymerase chain reaction; ELISA, enzyme linked immunosorbent assay; PRNT, plaque reduction neutralization 
test.

Table 3. Pooled prevalence of Dengue virus infection in Nigeria
DENV biomarkers Number of studies Number of 

participants
Number of 

Dengue cases
Prevalence  

(%, 95% CI)
H I2 P-value

IgM seroprevalence 14 4,965 834 16.8 (15.8 - 17.9) 551 92.9 <0.0001
IgG seroprevalence 10 4,107 1,424 34.7 (33.2 - 36.2) 389 92.5 <0.0001
IgM/IgG seroprevalence 4 1,458 89 6.1 (4.9 - 7.5) 298 96.4 <0.0001
NS1 prevalence 6 1,161 90 7.7 (6.3 - 9.4) 3.09 19.3 0.19
IgM/NS1 seroprevalence 2 620 16 7.8 (4.6 - 12.4) 1.53 20.1 0.13
IgG/NS1 seroprevalence 1 171 12 7.0 (3.7 - 11.9) NA NA NA
Viral RNA prevalence 3 323 25 7.7 (5.1 - 11.2) 3.16 16.1 0.06
Neutralizing antibody prevalence 1 1,948 13 0.7 (0.36 - 1.1) NA NA NA
DENV, Dengue virus; CI, confidence interval; H, heterogeity index; IgM, immunoglobulin M; IgG, immunoglobulin G; NSI, non-structural protein-1; RNA, 
ribonucleic acid; NA, not available.



CI: 0.71 - 0.98) and represent a significant risk factor of DENV IgG pooled seroprevalence 
when compared with female participants (P = 0.0023). Based on the marital status of the 3 
eligible studies, there were 295 married and 178 singles. Of this, the married participants had 
OR of 1.73 (95% CI: 1.15 - 2.60) and represent a significant risk factor of DENV IgG pooled 
seroprevalence when compared with the singles (P = 0.008). Based on employment status 
on the 7 eligible studies, there were 892 employed and 447 unemployed participants. The 
employed participants had an OR of 0.34 (95% CI: 0.27 - 0.44) and represent a significant 
risk factor of DENV IgG pooled seroprevalence when compared with the unemployed 
participants (P <0.0001) (Table 4).

Based on malaria parasitemia status on the 10 eligible studies, there were 1,605 and 969 
participants who had negative and positive malaria results, respectively. Those without 
malaria (negative) had an OR of 5.65 (95% 4.73 - 6.7) and represent a significant risk factor of 
DENV IgG pooled seroprevalence when compared with those with malaria positive results (P 
<0.0001) (Table 4).

Out of the 361 and 396 participants who reside and who do not reside in proximity to waste 
dumpsites from 3 eligible studies, those who do not have OR of 0.51 (95% CI: 0.38 - 0.69; 
P <0.0001). Out of the 287 and 306 participants who frequently opened household water 
containers and those who do not from 2 eligible studies, those who do not have an OR of 4.32 
(95% CI: 3.05 - 6.13; P <0.0001). Out of the 172 and 177 participants who frequent wearing 
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Table 4. Pooled sociodemographic risk factors of Dengue virus seropositivity in Nigeria
Variables Categories No. of pooled participants  

(no. of studies)
No. of pooled Dengue 

positive cases (%)
OR (95% CI) P-value

Age (years) ≤20 915 (14) 293 (32.0) 1.18 (0.98 - 1.41) 0.08
21 - 30 981 (14) 309 (31.5) 1.15 (0.96 - 1.38) 0.128

>30 914 (14) 365 (39.9) 1.00 (reference)
Gender Male 1,395 (15) 486 (34.8) 0.79 (0.68 - 0.92) 0.0023a

Female 1,466 (15) 584 (39.8) 1.00 (reference)
Marital Status Married 295 (3) 113 (38.7) 1.73 (1.15 - 2.60) 0.008a

Single 178 (3) 47 (26.4) 1.00 (reference)
Residence location Rural 186 (4) 64 (34.4) 0.79 (0.54 - 1.14) 0.201

Urban 347 (4) 139 (40.1) 1.00 (reference)
Level of education Primary 276 (4) 172 (62.3) 1.27 (0.95 - 1.77) 0.101

Secondary 143 (4) 56 (39.2) 0.51 (0.34 - 0.74) 0.005a

Tertiary 421 (4) 236 (56.1) 1.00 (reference)
No formal education 111 (4) 66 (59.5) 1.149 (0.75 - 1.76) 0.519

Employment status Employed 892 (7) 363 (40.7) 0.34 (0.27 - 0.44) <0.0001a

Unemployed 447 (7) 298 (66.7) 1.00 (reference)
Proximity of residence to refuse 
dumpsite

No 396 (3) 213 (53.8) 0.51 (0.38 - 0.69) <0.0001a

Yes 361 (3) 251 (69.5) 1.00 (reference)
Proximity of residence to open gutters/
ponds/stagnant water

No 428 (2) 298 (69.6) 1.19 (0.81 - 1.74) 0.377
Yes 164 (2) 108 (65.9) 1.00 (reference)

Frequently Opened household water 
containers

No 306 (2) 229 (74.8) 4.32 (3.05 - 6.13) <0.0001a

Yes 287 (2) 117 (40.8) 1.00 (reference)
Use of mosquito-treated bed net No 303 (3) 189 (62.4) 1.02 (0.75 - 1.39) 0.895

Yes 412 (3) 255 (61.9) 1.00 (reference)
Frequent wearing of trousers and long 
sleeve shirts

No 177 (2) 61 (34.5) 2.22 (1.36 - 3.62) 0.0024a

Yes 172 (2) 33 (19.2) 1.00 (reference)
Use of indoor daily mosquito 
insecticide spray

No 224 (3) 104 (46.4) 0.61 (0.45 - 0.84) 0.0021a

Yes 546 (3) 320 (58.6) 1.00 (reference)
Malaria status Negative 1,749 (11) 613 (35.0) 1.25 (1.06 - 1.47) 0.009a

Positive 1,013 (11) 306 (30.2) 1.00 (reference)
aSignificant association (P <0.05).
OR, odds ratio; CI, confidence interval.



trousers and long sleeve shirts and those who do not from 2 eligible studies, those who do 
not have an OR of 2.22 (95% 1.36 - 3.62; P <0.0001) (Table 4).

DISCUSSION

The mosquito-borne DENV is endemic in Nigeria and most parts of the tropics. However, the 
pattern of distribution and prevalence of DENV in all 6 geopolitical regions of Nigeria have 
not been sufficiently studied. To address this gap, the current study provided a systematic 
review of DENV infection prevalence studies conducted in Nigerian residents. To the best of 
our knowledge, this is the first systemic review of DENV infection in Nigeria that reported a 
relatively high prevalence as well as varied heterogeneity based on sampling technique, the 
participation level of the subjects and laboratory method for DENV investigation.

Epidemiological surveys could be done for 10 years span. In the light of this, previous studies 
[11, 24, 33, 34] have recommended a thorough and consistent method for the surveillance of 
DENV and other arboviruses to determine periods of epidemics and make proper decisions 
on how to design and implement appropriate public healthcare needs at community levels. 
Periodic reports of data on DENV infection prevalence and epidemics have been advocated to 
be integrated as part of the surveillance system to prevent further or control transmission [34].

1. Spatial distribution of DENV infection across geographical zones of Nigeria
Out of 36 states and the federal capital of Nigeria (Abuja), only 13 have had studies conducted 
for the seroprevalence and molecular analysis of DENV infection in febrile patients and 
other populations. Despite the non-availability of data from the other 23 states, it could be 
suggested that DENV might have been transmitted within these areas as well, especially when 
considerations are made for the constant inter-state migration, movements and transportation 
by Nigerians. Human transportation has been reported to be another contributing factor in the 
expansion of the ecological niche of DENV vectors in Nigeria [35]. The eggs of Aedes aegypti was 
reported to have been favourably transported from South-east Asia through Europe to Africa 
due to economic ties between the countries of these continents [36].

This speculation confirms the hypothesis that DENV has dispersed across geopolitical zones 
of Nigeria, affecting all areas, especially in urban, semi-urban and rural regions that are close 
to endemic regions of the virus [37]. This argument could further be valid when we consider 
the routes of DENV transmission, which is common to those of other mosquito-borne viruses 
such as Chikungunya and yellow fever whose mechanical vectors are present all year round 
[37]. The interstate transmission of DENV may be facilitated rapidly due to the wide range of 
mechanical vectors and reservoirs involved [37].

The spatial differences in DENV seroprevalence were analyzed by subgrouping DENV studies 
based on geopolitical zones where the studies were conducted. A significant association was 
observed between the pooled DENV seroprevalence and the geopolitical regions of Nigeria. 
This present study revealed heterogeneity in DENV prevalence across the geopolitical zones. 
The seroprevalence of DENV IgG was greatest in South-east Nigeria (77.1%), followed by 
North-west (37.6%), South-west (34.3%), Northcentral (23.5%), and least in South-southern 
Nigeria (3.9%). Similar geographical variation and heterogeneity of DENV seroprevalence 
were documented in a meta-analysis study conducted in Sudan, where viral prevalence was 
at its peak in Central (43%), Western (36%), Northern (24%) and Eastern (23%) zones of 
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Sudan [38]. The relatively high prevalence of DENV in South-east and South-west regions of 
Nigeria could be due to the proximity of localities to the dense rainforest in such areas which 
provide enabling breed sites for DENV vectors [11]. Whereas, the low prevalence in South-
south zone also known as the riverine areas of Nigeria could be due to the relatively low forest 
cover in these areas. The primary host of DENV virus (i.e., non-human primates [NHP]) are 
abundantly found in the forests. So, the absence or low forest presence and NHP in this zone 
could explained lesser or no sylvan-to-urban spillover of Aedes aegypti and DENV [39].

Western and Central parts of Africa have been reported to have the worst hits of DENV 
infection owing to the poor infrastructural amenities in urban settings, especially the 
deficient healthcare systems. This, together with environmental and climatic factors facilitate 
the transmission of DENV across vectors and humans [39].

2.  Laboratory protocols used by eligible studies and cross-reactivity of 
flaviviruses

Cross-reactions remain one of the major obstacles in serological investigations for DENV and 
other flaviviruses. Viral neutralization assays, considered as the reference standard serologic 
test for DENV [37], was performed in approximately 14% of the general population involved 
in the seroprevalence studies in this review. However, the main challenge associated with the 
use of plaque reduction neutralization test (PRNT) is its reduced sensitivity for serological 
investigations, as it can only measure immunoglobulins at levels that can neutralize 
flaviviruses; hence, its use is restricted in weakly-exposed individuals [37].

Methodologically, most of the serological methods used in the eligible studies utilized the 
enzyme immunoassay (EIA) protocols to detect DENV antibodies. Although this protocol is 
convenient to use, sensitive and easily accessible, its reliability in DENV seroepidemiology is 
potentially uncertain especially in regions where the prevalence of co-circulation of similar 
viruses that share significant nucleotide homology with DENV. For instance, West Nile virus 
(WNV) is observed to be endemic in Nigeria based on its relatively high prevalence of 14.3% 
[37]. Besides, vaccine-derived, as well as antibodies against yellow fever following infection, can 
cross-react with anti-DENV in Yellow fever Virus (YFV) endemic regions such as Nigeria [37].

The detection rate DENV infection of ELISA-based NS1 and RT-PCR assays had similar 
values (7.7%). The NS1 assay has severally been favourable comparable results in detecting 
DENV infection than RT-PCR. This could be due to the maximum sensitivity of NS1 antigen 
detection by ELISA by 1st and 2nd days of fever, while that of real-time RT-PCR in three 
days post-onset of fever [11]. This simple and readily available (in point-of-care test format) 
can be utilized by resource-limited settings for the serodiagnosis of DENV infection at the 
community levels [11].

3. Pooled seroprevalence of DENV infection in Nigeria
Analysis of study groups based on location and laboratory protocol performed to investigate 
DENV infection were done to determine accurate estimates of the DENV prevalence. 
Variation between these laboratory protocols was investigated, DENV IgG was used to 
assess past exposure to infection, while DENV IgM to assess active or acute infection [11]. 
The present systematic review on DENV infection studies revealed an overall pooled DENV-
IgG prevalence of 32.8% (95% CI: 31.4 - 34.3) which was significantly higher compared to 
DENV-IgM (16.8% [95%CI: 15.8 - 17.9]) and DENV-RNA (7.3% [95% CI: 4.0 - 11.8%]). These 
indicative of the transmission of DENV to be most likely to be both endemic and epidemic. 
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These findings are similar to those reported in a systematic review of DENV prevalence 
conducted in Sudan which documented significantly lower DENV-IgM prevalence 22% (95% 
CI: 13 - 31%) compared to that of DENV-IgG (38% [95% CI: 26 - 51%]) [38], Middle East and 
North Africa with DENV-IgG prevalence ranging from 0 - 61% [7] and in an African-based 
systematic study which also reported a much higher prevalence of DENV-IgG (24.8% [95% 
CI: 13.8 - 37.8%]) compared to DENV-IgM (10.8% [95% CI: 3.8 - 20.6%]) and DENV-RNA 
(8.4% [95% CI: 3.7 - 14.4%]) [40].

DENV RNA is detectable in infected individuals few days after infection till the sixth day 
post-onset of clinical symptoms such as fever and headache [37]. DENV IgM is measurable 
from third-day post symptom onset till the third month, while IgG is detectable from day 10 
post-onset of symptoms and can remain detectable for months and years [11]. However, a 
secondary acute DENV infection for 2 or more times can result in an immune response that 
generates IgG at a rapid rate [11].

From the present systematic review, it was not surprising that the proportion (40.6% 
[2,006/4,938]) of febrile participants had a significantly higher prevalence of DENV IgG 
compared to that (36.7% [212/577]) of their healthy counterparts. Most of the febrile 
participants complained of non-specific symptoms (especially headache and fever) had either 
serological or molecular evidence of DENV infection. Hence, DENV investigations should be 
considered for one of the differentials tests for fever and headache. Since these symptoms are 
not specifically associated with DENV, so individuals infected with DENV can be misdiagnosed 
with other febrile illnesses, especially in localities that are endemic with other Flaviviruses (e.g., 
WNV, YFV) [37]. A similar finding of DENV prevalence was reported as being higher in febrile 
individuals compared to those that are healthy in a meta-analysis and systematic review which 
involved studies collated from Central, Eastern, Northern, Southern and Western regions of 
Africa, although the proportions between the study groups were not significant [6].

Based on the non-specific presentations of DENV febrile illnesses, it is recommended that 
the use of RT-PCR for DENV testing is crucial for differential diagnosis. Pairing the serologic 
and genomic outcomes of DENV diagnosis can enhance the rate of detecting DENV. However, 
out of the 21 studies included in this review, a study used a combined protocol of serological 
and RT-PCR assays for the detection of DENV infection [23], while a second study confirmed 
the outcome of its ELISA results using PRNT [27].

In consolidation of the serological detection of DENV, it is essential to adopt the antigen-
based enzyme immunoassays (EIAs) which include the recombinant non-structural protein 1 
(NS1) antigen especially in localities where other genetically related flaviviruses co-circulate. 
Our systematic review reported a pooled DENV-NS1, DENV-IgM/NS1 and DENV-IgG/NS1 
seroprevalence rates of 2.4% (95% CI: 1.5 - 3.5), 7.8% (95% CI: 4.6 - 12.4) and 7.0% (95% CI: 
3.7 - 11.9) respectively in febrile cases. This assay has been used to improve the diagnostic 
performance of serologic markers of DENV and it is significant in the differential diagnosis of 
flavivirus infections by targeting unique receptors during the active, acute or infective stage 
of DENV infection.

4. Pooled risk factors for anti-DENV IgG seropositivity
Several sociodemographic and ecologic factors in Nigeria promote the spread of the DENV. 
In the present study, sociodemographic factors including marital status (P = 0.008), gender 
(P = 0.026), educational level (P = 0.005) and occupation status of participants (P <0.0001) 
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were significantly associated with pooled DENV seropositivity. Of note, the pooled DENV 
IgG seroprevalence in this study was relatively higher in those >30 years of age. This may be 
indicative of the relative protection in older participants. The increase in DENV antibodies 
with age from adulthood suggests that infection occurs from middle to older age. Also, those 
≤20 years of age may be involved in more domestic (indoor activities) which increased their 
susceptibility to bitten by mosquitoes carrying DENV unlike their counterparts between 21 - 
30 years of age who could be involved in more outdoor activities [11].

Despite the ubiquitous nature of the mechanical vector, its overall population density is 
greater in regions close to dense rain forest. This could explain why most of the eligible 
studies with higher DENV prevalence were from the South-east, South-west zone and other 
neighbouring states. Furthermore, enzootic transmission, high humidity, temperature and 
rainfall patterns, which vary across geopolitical regions have been implicated in influencing 
the population density of Aedes mosquitoes and DENV infections. The influence of the level of 
literacy on the seroprevalence of anti-DENV could be due to the roles of public enlightenment 
and education in improving people knowledge and awareness about DENV infection. Hence, 
increasing the frequency of seeking medical assistance/healthcare which likely minimizes the 
risk of contracting DENV.

On the other hand, the proximity of residence to refuse dumpsite (P <0.0001), frequently 
opened household water containers (P <0.0001), the frequent wearing of trousers and long 
sleeve shirts (P = 0.0024), use of indoor mosquito insecticide spray daily (P = 0.0021) and 
malaria status (P = 0.0024) were significant risk factors of DENV seropositivity in humans. In 
the same light, previous studies have associated these factors especially the use of open water 
vessels with increased breeding sites of A. aegypti [11, 28].

The high DENV prevalence observed in this review may indicate the poor level of public 
health interventions to effectively control vector transmission. This can be further explained 
by the weak healthcare systems in middle to low-income countries such as Nigeria which 
leads to the inability of sustaining efficient and durable interventions. The high rate of 
urbanization in Nigeria can equally explain the high prevalence of DENV. The burden of 
DENV infection has been reported to be associated with the rising rate of urbanization, 
coupled with poor infrastructure in tropical and subtropical areas [10]. The mechanism 
behind the association between the rise in DENV infection prevalence in recent time could 
be due to the increased vector population and breeding sites as a result of urbanization and 
deforestation. The exponential increase of these breeding sites is favoured by climatic as well 
as environmental patterns of Nigeria that encourage the development of the mosquito's life 
cycle, hence favouring enhanced DENV transmission. Indeed, A. aegypti thrive better in warm 
and humid climatic conditions which typically exist in most parts of Nigeria. This favours the 
survival of the mosquito eggs compared to the cold and temperate climatic regions which 
encourages hibernation while suppressing conservation and development.

5. Limitations of study
Several limitations were associated with this review. First, most eligible studies lacked 
comprehensive data and there was no conformity in documented studies due to significant 
heterogeneity in the determination of DENV prevalence across selected studies. The 
heterogeneity may be as a result of diverse geopolitical regions, study population, dissimilar 
sample size, study design and choice of laboratory protocol. To overcome this limitation, 
there is the need for nationwide serological surveillance of DENV infection using culture-
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based microneutralization assay (gold standard) to simultenously determine the prevalence 
of DENV infection by geopolitical zones. This laboratory technique excludes the possibility of 
cross-reaction with other flaviviruses.

Moreover, our study could not adequately study the influence of climatic and environmental 
factors that influence the breeding sites of DENV vectors because these factors were not 
considered by the eligible studies in this systematic review. Second, all studies but two 
research works that utilized ELISA to detect anti-DENV IgM and anti-DENV IgG did not 
confirm positive cases using either RT-PCR or PRNT as reference protocols.

In conclusion, the findings from our study reveal the endemicity of DENV infection in 
Nigerian residents which are driven by various sociodemographic and ecologic factors. This 
necessitates the need for the adoption of the One Health strategic approach to effectively 
and efficiently halt the Aedes mosquito population and spread of DENV. Also, there is a need 
to constitute and sustain the DENV and other arboviruses national surveillance system, re-
train healthcare providers on accurate DEN diagnosis and support more studies to generate 
comprehensive data on DENV phylogenetics in all hosts within its transmission cycles. Our 
findings further indicate the need to encourage adequate measures of controlling DENV and 
its vectors to minimize infection within-country and possible international transmission.
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