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a b s t r a c t 

Background: This study was conducted to determine the seroprevalence and risk factors of chikungunya 

(CHIKV), dengue (DENV), and Zika (ZIKV) viruses in Tanzania. 

Methods: The study covered the districts of Buhigwe, Kalambo, Kilindi, Kinondoni, Kondoa, Kyela, 

Mvomero, and Ukerewe in Tanzania. Blood samples were collected from individuals recruited from house- 

holds and healthcare facilities. An ELISA was used to screen for immunoglobulin G antibodies against 

CHIKV, DENV, and ZIKV. 

Results: A total of 1818 participants (median age 34 years) were recruited. The overall CHIKV, DENV, 

and ZIKV seroprevalence rates were 28.0%, 16.1%, and 6.8%, respectively. CHIKV prevalence was highest in 

Buhigwe (46.8%), DENV in Kinondoni (43.8%), and ZIKV in Ukerewe (10.6%) and Mvomero (10.6%). Increas- 

ing age and frequent mosquito bites were significantly associated with CHIKV and DENV seropositivity 

( P < 0.05). Having piped water or the presence of stagnant water around the home ( P < 0.01) were as- 

sociated with higher odds of DENV seropositivity. Fever was significantly associated with increased odds 

of CHIKV seropositivity ( P < 0.001). Visiting mines had higher odds of ZIKV seropositivity ( P < 0.05). 

Conclusions: These findings indicate that DENV, CHIKV, and ZIKV are circulating in diverse ecological 

zones of Tanzania. There is a need to strengthen the control of mosquito-borne viral diseases in Tanzania. 

© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Globally, arthropod-borne viral diseases account for 17% of all 

uman infectious diseases ( Jones et al., 2008 ; Kading et al., 2020 ).

f the arboviral diseases, mosquito-borne diseases are the most 

mportant, affecting millions of people, and comprise an impor- 

ant proportion of emerging and re-emerging human pathogens. 

engue, yellow fever, Japanese encephalitis, chikungunya, and Rift 

alley fever have been described to contribute highly to disability- 

djusted life years ( Labeaud et al., 2011 ; Stanaway et al., 2016 ;

eng et al., 2018 ). Global human population growth, unplanned 

ettlements, international travel, and climate variability/change 

re among the factors that contribute to the expansion of the 

pread of arboviral diseases ( Gould & Higgs, 2009 ; Gubler, 2011 ;

ambrechts et al., 2010 ; Braack et al., 2018 ). This increases the 

isk of mosquito-borne viral infections through cycles involving 

uman–human and human–peri-domestic Aedes mosquito trans- 

ission ( Braack et al., 2018 ; Gaye et al., 2019 ). 

Periodic outbreaks related to mosquito-borne viral infections 

re common in sub-Saharan Africa (SSA) and include Rift Valley 

ever, dengue, chikungunya, Zika, and yellow fever ( Braack et al., 

018 ). Recent dengue virus (DENV) outbreaks have been reported 

n Tanzania ( Vairo et al., 2012 ; Ward et al., 2017 ; Chipwaza et al.,

020 ), Mozambique ( Mugabe et al., 2018 ), Ghana ( Amoako et al.,

018 ), Sudan ( Elaagip et al., 2020 ), Benin, Cote d’Ivoire, and Mauri-

ius ( WHO, 2019 ). Outbreaks of chikungunya virus (CHIKV) have 

een reported in Kenya ( Kariuki Njenga et al., 2008 ), the Re- 

ublic of Congo ( Vairo et al., 2020 ), and the Reunion Islands 

 Vazeille et al., 2007 ). Zika virus (ZIKV) infections have been re- 

orted in Cape Verde ( Kindhauser et al., 2016 ; Lourenço et al., 

018 ), Guinea Bissau ( Gulland, 2016 ), Mozambique ( Gudo et al., 

016 ), and Angola ( Hill et al., 2019 ). Although the acute stages of

rboviral infections most often cause a broad spectrum of clin- 

cal manifestations, ranging from asymptomatic to severe undif- 

erentiated fever ( Forshey et al., 2010 ; Labeaud et al., 2011 ), they

re also causes of fever that is often considered to be malaria by 

linicians, especially in areas with inadequate laboratory capacities 

 Crump et al., 2013 ; Ayorinde et al., 2016 ). 

Despite the evidence that arboviral diseases such as dengue 

nd chikungunya contribute substantially to morbidity in Tan- 

ania, there are only a few isolated studies that have docu- 

ented their burden, drivers, and vulnerability ( Vairo et al., 2012 ; 

inimi et al., 2018 ; Budodo et al., 2020 ). Most of these studies have

een facility-based studies, and little evidence has been based on 

opulation-based studies. This means that their distribution in the 

ountry remains uncertain. The objective of this study was, there- 

ore, to determine the seroprevalence and risk factors of chikun- 

unya, dengue, and Zika in diverse ecological zones of Tanzania. 

aterials and methods 

tudy sites and design 

This cross-sectional study was performed between April and 

ovember 2018. A multistage cluster design was utilized to se- 

ect the study sites. The country was first divided into five distinct 

cological zones based on vegetation and land cover, normalized 

ifference vegetation index, rainfall and number of wet days per 

onth, and elevation. Zone 1 comprised the western parts of Tan- 

ania, with tropical forest, a unimodal rainfall pattern, and altitude 

 2300 m above sea level. Zone 2 included the Southern Highlands 

istricts, with tropical forest, a bimodal rainfall pattern, and ele- 

ation > 2300 m. Zone 3 comprised the north-eastern part of the 

ountry, lying along the Indian Ocean to 1800 m above sea level. 

one 4 covered the central part of the country, characterized by 

et savannah with bimodal rainfall (1400 mm) and semi-arid ar- 
272 
as characterized by a short wet season (with rainfall of 40 0–80 0 

m per year). Zone 5 comprised the Lake Victoria basin, character- 

zed by a bimodal rainfall pattern (90 0–180 0 mm) with a moderate 

arm climate. 

Buhigwe and Kalambo districts were selected to represent the 

estern zone and Kyela district the Southern Highland zone, while 

ilindi and Kinondoni districts represented the North-eastern zone. 

vomero and Kondoa districts were selected to represent the Cen- 

ral zone, while Ukerewe district represented the Lake Victoria 

one ( Fig. 1 ). Details of the study sites have been described else-

here (Rugarabamu et al., 2021). 

ample size and sampling 

A recent review on dengue prevalence in Africa reported IgG 

revalence of 15.6% (range 9.9–22.2%) for healthy populations and 

4.8% (range 13.8–37.8%) for populations presenting with fever 

 Simo et al., 2019 ). This study planned to collect data from both 

he household and health facility settings; thus, based on the 

cology of the zones, different levels of expected prevalence (P) 

ere assumed in order to obtain the needed sample sizes. For 

ones 1, 2, and 4, the average of the healthy and fever popula- 

ions (P = 20.1%) was used; for zone 3, the average of the up- 

er ranges (P = 30%) was used, since it includes a district (Ki- 

ondoni) within a large city. The district in zone 5 is an island 

nd was assumed to have a low prevalence, hence the lower 

revalence (P = 9.9%) was used. The design effect of 1.5 was 

sed to account for any clustering effect between the districts 

ithin the same zone. With the desired absolute precision of 

% and confidence level of 95%, the minimum estimated sample 

ize was 1792 individuals, with the following breakdown: zone 

: n = 454 (Buhigwe = 255; Kalambo = 198); zone 2: Kyela 

258); zone 3: n = 461 (Kilindi = 226; Kinondoni = 235); zone 

: n = 395 (Kondoa = 203; Mvomero = 192); and zone 5: Uk- 

rewe (224). A contingency of 10% was considered to account for 

on-responses, refusal, and/or missing values. The zonal sample 

as split using probability proportional to the size of the dis- 

rict population to obtain district-specific sample sizes. The study 

istrict population densities per square kilometre for Buhigwe, 

alambo, Kilindi, Kinondoni, Kondoa, Kyela, Mvomero, and Uk- 

rewe were 168.8, 15.98, 37.0, 3300, 46.6, 755.9, 47.05, and 283.02, 

espectively. 

Three wards were selected from each district, and three vil- 

ages were selected from each of the three wards. A minimum 

f 14 participants was targeted for each village or health facility. 

t the village level, four to five households were randomly se- 

ected based on the sampling frame obtained from the village of- 

ce. Once selected, all eligible members of the household were re- 

ruited into the study. In the healthcare facility setting, one hos- 

ital, two health centres, and four dispensaries were selected in 

ach district. In each facility, the study subjects were recruited on 

 first-come-first-included basis until the targeted sample size was 

chieved. Children < 9 months old were excluded based on the 

act that maternal antibodies acquired through transplacental route 

nd during breastfeeding are likely to lead to false-positive results 

 Watanaveeradej et al., 2003 ). 

ociodemographic and clinical data 

A semi-structured questionnaire installed on smartphones with 

 digital data collection tool (AfyaData) ( Karimuribo et al., 2017 ) 

as used to collect sociodemographic and epidemiological data. 

he data included age, education level, occupation, history of 

ever, knowledge about mosquito-borne diseases, household wa- 

er source, and water storage. All study participants were exam- 

ned for clinical manifestations suggestive of fever and associated 
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Fig. 1. Map of Tanzania showing the ecological zones and study districts. 
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isease conditions. Body temperature was recorded using a digital 

hermometer. 

aboratory analysis 

From each participant, about 3–5 ml of blood was collected into 

 plain vacutainer tube and allowed to clot at room temperature. 

hereafter, serum was separated by centrifugation at 30 0 0 rpm 

or 10 minutes. Serum aliquots of 0.5–1 ml were placed into ster- 

le cryovials labelled with a unique identification code and trans- 

orted in liquid nitrogen ( −196 °C) to the laboratory, where they 

ere stored in an ultralow temperature freezer ( −80 °C) until anal- 

sed. Each serum sample was screened in duplicate for human im- 

unoglobulin G (IgG) antibodies against CHIKV, DENV, and ZIKV 

sing EUROIMMUN indirect ELISA test kits (Medizinische Labor- 

iagnostika AG, Lübeck, Germany). The average value of a sample 

as classified as positive for IgG when the ratio of optical density 

OD) of the control or sample over that of the calibrator was ≥1.1, 

egative when the ratio was < 0.8, and borderline when the ratio 

as ≥0.8 to < 1.1. The sensitivity and specificity of the ELISA test 

its used were reported to be 98.5% and 95.7% for anti-dengue IgG, 

6.8% and 98.0% for anti-chikungunya IgG, and 99.2% and 98.0% for 

nti-Zika IgG, respectively. 

tatistical analysis 

Data were imported into Microsoft Excel 2016 (Microsoft Corp, 

edmond, WA, USA), cleaned, and organized for analysis. Data 

ere analysed using Stata version 13 (Stata Corp., College Station, 

X, USA). Descriptive statistics and frequency tables were used to 

ummarize the data. The Chi-square test was used to determine 

he association between categorical variables and seroprevalence 

f CHIKV, DENV, and ZIKV or multiple infections. The variables 
273 
ssociated with seroprevalence were subjected to logistic regres- 

ion analysis to identify significant risk factors for seropositivity. 

he magnitude of association was measured using the odds ra- 

io (OR) and 95% confidence interval (CI). A variable with a prob- 

bility value ( P -value) less than 0.05 was considered statistically 

ignificant. 

esults 

eroprevalence of DENV, CHIKV, and ZIKV 

A total of 1818 participants were involved in the study. They 

ere recruited from 24 wards, 72 villages, and 56 healthcare fa- 

ilities. Of the facilities involved, eight were hospitals, 16 were 

ealth centres, and 32 were dispensaries. The median age was 34 

ears, with an interquartile range (IQR) of 23–47 years. The overall 

eroprevalence rates of CHIKV, DENV, and ZIKV were 28.0%, 16.1%, 

nd 6.8%, respectively. The highest seroprevalence rates for CHIKV 

43.4%) and ZIKV (10.6%) IgG antibodies were in the Lake Victoria 

one. The highest seroprevalence of DENV IgG antibodies was in 

he North-eastern zone (28.6%) ( Table 1 ). The mean age of CHIKV, 

ENV, and ZIKV positive individuals was 40, 39, and 38 years, re- 

pectively. District-wise, the highest seroprevalence of CHIKV was 

n Buhigwe (46.8%), of DENV was in Kinondoni (43.8%), and of ZIKV 

as in Ukerewe (10.6%) ( Fig. 2 ). 

Having a secondary education ( P = 0.02), water 

odies around the home, and piped water at home 

ere significantly associated with DENV seropositiv- 

ty. Fever was significantly associated with CHIKV 

 P < 0.001) and ZIKV ( P = 0.02) seropositivity. Having visited 

ines was significantly associated with ZIKV seropositivity ( P 

 0.04). Increasing participant age and experience of frequent 

osquito bites were significantly associated with DENV and CHIKV 
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Table 1 

Seroprevalence of immunoglobulin G antibodies (IgG) specific to dengue, chikungunya, and Zika viruses by sociodemographic characteristics, ecologi- 

cal zones, and exposure risk factors 

Variable Category Number tested Dengue Chikungunya Zika 

Number IgG-positive (%) Number IgG-positive (%) Number IgG-positive (%) 

Sex Female 989 151 (15.3) 273 (27.7) 59 (5.9) 

Male 829 141 (17.1) 236 (28.6) 62 (7.5) 

Age (years) < 28 642 71 (11.1) 128 (19.9) 39 (6.1) 

28–42 607 109 (17.9) 179 (29.5) 42 (6.9) 

> 42 569 112 (19.7) 202 (35.5) 43 (7.6) 

Education Primary 1135 183 (16.1) 327 (28.8) 73 (6.4) 

Secondary 219 49 (22.4) 53 (31.9) 16 (7.3) 

Post-secondary 53 5 (9.4) 10 (18.9) 6 (11.3) 

None 411 55 (13.4) 119 (28.9) 29 (7.1) 

Occupation Farming 1067 148 (13.9) 343 (32.2) 82 (7.7) 

Trading 530 111 (20.9) 127 (23.9) 28 (5.3) 

Employed 87 18 (20.7) 20 (22.9) 8 (9.2) 

Student 134 15 (11.2) 19 (6.7) 6 (4.5) 

Ecological zone Western zone 461 44 (9.5) 171 (37.1) 26 (5.6) 

North-eastern 465 133 (28.6) 105 (22.6) 25 (5.4) 

Central 401 55 (13.7) 62 (15.5) 26 (6.5) 

Southern Highlands 265 31 (11.7) 73 (27.6) 23 (8.7) 

Lake Victoria 226 29 (12.8) 98 (43.4) 24 (10.6) 

Sampling setting Facility 833 117 (14.1) 243 (29.2) 65 (7.8) 

Household 985 175 (17.8) 266 (27.0) 59 (5.9) 

Fever Yes 71 9 (12.7) 34 (47.9) 10 (14.1) 

No 1747 62 (3.6) 475 (27.2) 114 (6.5) 

Mosquito bite Yes 1205 197 (16.4) 358 (29.7) 78 (6.5) 

No 613 94 (15.3) 151 (24.6) 46 (7.5) 

Stagnant water Yes 146 45 (30.8) 45 (30.8) 12 (8.2) 

No 1672 247 (14.8) 464 (27.8) 112 (6.7) 

Piped water Yes 523 113 (21.6) 155 (29.6) 35 (6.7) 

No 1295 179 (13.8) 354 (27.3) 89 (6.9) 

Mosquito net use Yes 1140 197 (17.3 360 (31.6) 71 (6.2) 

No 678 95 (14.0) 149 (21.9) 53 (7.8) 

Visiting mines Yes 35 4 (11.4) 8 (22.9) 6 (17.1) 

No 1783 288 (16.2) 501 (28.1) 118 (6.6) 

Fig. 2. Seroprevalence of immunoglobulin G (IgG) antibodies specific for dengue virus (DENV), chikungunya virus (CHIKV), and Zika virus (ZIKV) by district. 
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eropositivity, with individuals aged 28–42 and > 42 years having 

een more exposed than those aged < 28 years ( Table 2 ). 

eroprevalence of co-circulation of CHIKV, DENV, and ZIKV 

Of the 1818 serum samples tested, 80 (4.4%) were positive for 

oth DENV and CHIKV IgG antibodies, 14 (0.8%) for CHIKV and 
274 
IKV IgG antibodies, 16 (0.88%) for DENV and ZIKV IgG antibod- 

es, and 16 (0.99%) for DENV and CHIKV and ZIKV IgG antibodies 

 Fig. 3 ). The prevalence of IgG antibodies for CHIKV + ZIKV expo- 

ure was highest in Ukerewe (4.0%; n = 224), while the highest 

revalence of DENV + CHIKV antibodies was in Kinondoni (15.0%; 

 = 235). The overall prevalence of IgG antibodies specific to at 

east one pathogen (DENV or CHIKV or ZIKV) was 41% ( n = 747), 
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Table 2 

Prevalence of IgG antibodies to multiple arboviruses by sociodemographic characteristics, ecological zones, and exposure risk factors 

Exposure risk factor Category Number tested DENV + CHIKV + ZIKV DENV + CHIKV CHIKV + ZIKV Cross-reactivity 

Number IgG-positive (%) Number IgG-positive (%) Number IgG-positive (%) Number IgG-positive (%) 

Sex Female 985 5 (0.5) 59 (5.9) 18 (1.8) 8 (0.9) 

Male 825 10 (1.2) 52 (6.3) 12 (1.5) 8 (0.9) 

Age (years) < 28 642 1 (0.2) 15 (2.3) 8 (1.3) 6 (0.9) 

28–42 607 5 (0.8) 47 (7.7) 11 (1.8) 7 (1.2) 

> 42 569 9 (1.6) 49 (8.6) 11 (1.9) 3 (0.5) 

Education Primary 1135 9 (0.8) 73 (6.4) 20 (1.8) 9 (0.8) 

Secondary 219 2 (0.9) 14 (6.4) 3 (1.4) 2 (0.9) 

Post-secondary 53 0 (0.0) 1 (1.9) 2 (3.8) 1 (1.9) 

None 411 4 (0.9) 23 (5.6) 5 (1.2) 4 (0.9) 

Occupation Farming 1067 11 (1.0) 64 (5.9) 21 (1.9) 9 (0.8) 

Trading 530 3 (0.6) 40 (7.6) 4 (0.8) 6 (1.1) 

Employed 87 0 (0.0) 5 (5.8) 4 (4.6) 1 (1.2) 

Student 134 1 (0.8) 2 (1.5) 1 (0.8) 0 (0.0) 

Ecological zone Western 461 2 (0.4) 25 (0.4) 8 (1.7) 2 (0.4) 

North-eastern 465 1 (0.2) 36 (7.7) 3 (0.7) 2 (0.4) 

Central 401 5 (1.3) 20 (4.9) 6 (1.5) 6 (1.5) 

Southern 265 2 (0.8) 16 (6.0) 3 (1.1) 4 (1.5) 

Lake Victoria 226 5 (2.2) 14 (6.2) 10 (4.4) 2 (0.9) 

Sampling setting Facility 833 6 (0.7) 47 (5.6) 20 (2.4) 6 (0.7) 

Household 985 9 (0.9) 64 (6.5) 10 (1.0) 10 (1.0) 

Fever Yes 71 2 (2.8) 5 (7.0) 1 (1.4) 0 (0.0) 

No 1747 13 (0.7) 106 (6.1) 29 (1.7) 16 (0.9) 

Mosquito net use Yes 1140 12 (1.1) 85 (7.5) 18 (1.6) 10 (0.9) 

No 678 3 (0.4) 26 (3.8) 12 (1.8) 6 (0.9) 

Mosquito bite Yes 1205 12 (0.2) 82 (6.7) 20 (1.7) 10 (0.8) 

No 613 3 (0.5) 29 (1.5) 10 (1.6) 6 (0.9) 

Stagnant water Yes 146 3 (2.1) 16 (10.9) 3 (2.1) 2 (1.4) 

No 1672 12 (0.7) 95 (5.6) 27 (1.6) 14 (0.8) 

Piped water Yes 523 5 (0.9) 62 (11.9) 9 (1.7) 7 (1.3) 

No 1295 10 (0.8) 49 (3.8) 21 (1.6) 9 (0.7) 

Visiting mines Yes 35 0 (0.0) 2 (5.7) 2 (5.7) 0 (0.0) 

No 1783 15 (0.8) 109 (6.1) 28 (1.6) 16 (0.9) 

CHIKV, chikungunya virus; DENV, dengue virus; ZIKV, Zika virus. 
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nd it was highest in Kinondoni (59.0%; n = 255), followed by Uk- 

rewe (51%, n = 224) and Buhigwe (50%, n = 255) ( Fig. 4 ). There

as a significant difference in CHIKV + ZIKV seropositivity between 

cological zones ( P = 0.01), with the highest seroprevalence in the 

ake Victoria zone (4.0%; n = 224). Individuals aged > 42 years 

ere more significantly associated with increased DENV + CHIKV 

8.6%; P < 0.05) and DENV + CHIKV + ZIKV (1.6%; P = 0.02) seropos-

tivity than their younger counterparts. Occupation ( P = 0.04) and 

ampling setting ( P = 0.03) were significantly associated with 

HIKV + ZIKV seropositivity. The highest seroprevalence was among 

hose employed (4.6%) and those sampled from health facility set- 

ings (2.4%). Having piped water ( P < 0.001) and the presence of 

tagnant water around the home ( P = 0.02) were significantly as- 

ociated with DENV + CHIKV seropositivity. 

otential risk factors for DENV, CHIKV, and ZIKV seropositivity 

Potential risk factors varied between the three infections, and 

he magnitude of the risk was found to differ significantly among 

he ecological zones. Age was an important factor for DENV and 

HIKV seropositivity, with older age ( > 28 years) indicating a 

igher risk than in the younger population ( P < 0.001). Expe- 

iencing frequent mosquito bites ( P < 0.01), having piped wa- 

er ( P < 0.01), and the presence of stagnant water around the 

ome ( P < 0.01) were significantly associated with higher odds of 

ENV seropositivity, but were not important factors for CHIKV or 

IKV ( Table 3 ). Having a fever was significantly associated with in- 

reased odds of CHIKV seropositivity ( P < 0.001), while the use 

f mosquito nets was associated with higher odds for CHIKV. On 

he other hand, visiting mines had higher odds of ZIKV seroposi- 

ivity ( P < 0.05). In the ecological zones, the highest risks were ob- 

erved for CHIKV seropositivity, with over three-fold differences in 
275 
he Lake Victoria and Western zones compared to the Central zone. 

he North-eastern zone had higher odds of DENV seropositivity 

ates ( P < 0.001) compared to the other ecological zones. A higher 

isk of ZIKV was identified in the Lake Victoria zone compared to 

he other ecological zones. However, these results were not statis- 

ically significant. Although with no statistical significance, the risk 

or ZIKV was estimated to be higher in the Lake Victoria zone than 

n the other ecological zones ( Table 3 ). 

otential risk factors for multiple DENV, CHIKV, and ZIKV infections 

Univariate and multivariable analyses showed that older age 

 > 28 years) ( P < 0.001) and having piped water ( P < 0.01) were

ignificantly associated with higher odds of DENV and CHIKV 

eropositivity. Fever was significantly associated with an infection 

f either DENV or CHIKV or ZIKV ( P < 0.001). Individuals sam- 

led from health facilities were significantly associated with higher 

dds of CHIKV + ZIKV seropositivity ( P = 0.03) ( Table 4 ). Residents

f Lake Victoria zone were significantly at higher risk of exposure 

o all three pathogens (DENV + CHIKV + ZIKV) than residents of the 

ther zones ( P < 0.05) ( Table 5 ). 

iscussion 

Chikungunya, dengue, and Zika viruses are closely related 

osquito-borne viruses with similar transmission cycles, vectors, 

nd disease manifestations. The findings of this study indicate that 

he three infections are prevalent across Tanzania. Overall, the 

eroprevalence was higher for CHIKV than DENV or ZIKV, and it 

aried between districts and ecological zones. CHIKV infection was 

ost prevalent in the Western zone, DENV in the North-eastern 

one, and ZIKV in the Central zone. The lowest seropositivity rates 
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Fig. 3. Number and percentage (%) of samples positive for immunoglobulin G (IgG) antibodies to single and multiple exposures of dengue virus, chikungunya virus, and Zika 

virus. 
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f the three arbovirus infections were observed in the semi-arid 

istrict of the Central zone. In Tanzania during the past decade, 

engue to a large extent, and chikungunya to a lesser extent, 

ave been reported as important causes of morbidity, mainly in 

he North-eastern zone ( Hertz et al., 2012 ; Chipwaza et al., 2014 ;

airo et al., 2016 ). The findings of the current study highlight the 

resence of the three arboviruses among human populations in al- 

ost all zones of Tanzania and indicate a wide circulation of the 

iruses among asymptomatic individuals, hence unlikely to be di- 

gnosed through the routine health service delivery system. 

In Tanzania, several studies have reported the seroprevalence 

f CHIKV in different parts of the country. In the present study, 

he highest CHIKV seroprevalence was found in Buhigwe in the 

estern zone and Lake Victoria zone. Previous studies in Tanzania 

ave reported between 1.0% and 29.3% CHIKV seroprevalence, with 

ower prevalence in the Central and Southern Highlands regions 

 Chipwaza et al., 2014 ; Ndosi et al., 2016 ; Budodo et al., 2020 )

nd relatively higher prevalence in the Northern-eastern and Lake 

ictoria zones of the country ( Kajeguka et al., 2016 ; Kinimi et al.,

018 ). 

Similarly to CHIKV, some studies have reported the seropreva- 

ence of DENV in different parts of the country ( Vairo et al., 
276 
012 , 2016; Hertz et al., 2012 ; Chipwaza et al., 2020 ). However,

ost of the studies were facility-based, focusing on febrile pa- 

ients ( Hertz et al., 2012 ; Kajeguka et al., 2016 ; Chipwaza et al.,

020 ). The current study included both individuals seeking care 

t health facilities and those found at home. The findings showed 

hat the prevalence of DENV antibodies was higher among those 

ampled in the household setting than those sampled at health 

acilities. Previous studies have reported higher prevalence rates 

f DENV infections among febrile patients in Kilosa, Kinondoni, 

nd Ilala districts, which are located in the Central and North- 

astern zones ( Vairo et al., 2016 ; Chipwaza et al., 2020 ). On the

ther hand, relatively lower DENV prevalence in Tanzania has been 

eported among febrile patients in Temeke, Moshi, Iringa, Kilo- 

bero, Pemba, and Babati, indicating spatial variations in these in- 

ections ( Hertz et al., 2012 ; Vairo et al., 2012 , 2016; Faustine et al.,

017 ; Chipwaza et al., 2020 ). In this study, ZIKV was most preva-

ent in Mvomero district, in Central Tanzania. Studies elsewhere in 

frica have reported a slightly higher prevalence of ZIKV in Sene- 

al, but a lower prevalence in Cameroon, The Gambia, and Mali 

 Marchi et al., 2020 ; Nguyen et al., 2020 ). 

Adults accounted for the majority of those with CHIKV infec- 

ions. The tendency of the arboviruses to affect older populations 
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Fig. 4. Immunoglobulin G (IgG) seropositivity for multiple exposures and cross-reactivity of dengue, chikungunya and Zika viruses by district. 

Table 3 

Risk factors associated with dengue, chikungunya, and Zika IgG seropositivity in the univariate and multivariable logistic regression models 

Exposure risk factor Category Dengue Chikungunya Zika 

Univariate Multivariate Univariate Multivariable Univariate Multivariable 

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

Age (years) < 28 Ref. Ref. Ref. Ref. Ref. - 

28–42 1.8 (1.3 −2.4) ∗∗∗ 1.9 (1.2 −2.7) ∗∗∗ 1.7 (1.3 −2.2) ∗∗∗ 1.6 (1.2 −2.1) ∗∗ 1.3 (0.8 −1.9) - 

> 42 1.9 (1.4 −2.7) ∗∗∗ 2.3 (1.6 −3.4) ∗∗∗ 2.2 (1.7 −2.9) ∗∗∗ 2.1 (1.6 −2.8) ∗∗∗ 1.2 (0.7 −1.8) - 

Occupation Employed Ref. Ref. Ref. - Ref. - 

Farming o.6 (0.4 −1.1) - 1.6 (0.9 −2.7) - 0.8 (0.4 −1.9) - 

Trading 1.0 (0.6 −1.8) - 1.1 (0.6 −1.9) - 0.6 (0.3 −1.3) - 

Student 0.5 (0.2–1.0) - 0.6 (0.3 −1.1) - 0.5 (0.2 −1.4) - 

Education Primary 1.2 (0.9 −1.7) 1.0 (0.7 −1.4) 0.9 (0.8 −1.3) - 0.9 (0.6 −1.4) - 

Secondary 1.9 (1.2 −2.9) ∗∗ 1.4 (0.9 −2.3) 0.8 (0.5 −1.1) - 1.0 (0.5 −1.9) - 

Post-secondary 0.7 (0.2 −1.6) 0.4 (0.1–1.0) 0.6 (0.3 −1.1) - 1.7 (0.6 −4.0) - 

None Ref. Ref. Ref. - Ref. - 

Ecological zone Central Ref. Ref. Ref. Ref. Ref. Ref. 

Western 0.6 (0.4 −1.0) 0.7 (0.5 −1.1) 3.2 (2.3 −4.5) ∗∗∗ 3.3 (2.4 −4.7) ∗∗∗ 0.9 (0.5 −1.5) 0.9 (0.5 −1.6) 

North-eastern 2.5 (1.8 −3.6) ∗∗∗ 2.2 (1.5 −3.2) ∗∗∗ 1.6 (1.1 −2.3) ∗∗ 1.7 (1.2 −2.4) ∗∗ 0.8 (0.5 −1.5) 0.8 (0.5 −1.6) 

Southern Highlands 0.8 (0.5 −1.3) 0.9 (0.6 −1.6) 2.1 (1.4 −3.1) ∗∗∗ 2.2 (1.5 −3.3) ∗∗∗ 1.4 (0.8 −2.5) 1.3 (0.7 −2.4) 

Lake Victoria 0.9 (0.6 −1.5) 1.1 (0.7 −1.8) 4.2 (2.9 −6.1) ∗∗∗ 4.3 (2.9 −6.3) ∗∗∗ 1.7 (0.9 −3.1) 1.7 (0.9 −2.9) 

Fever Yes 0.8 (0.4 −1.5) - 2.5 (1.5 −3.9) ∗∗∗ 2.4 (1.5 −4.1) ∗∗∗ 2.4 (1.1 −4.5) ∗ 2.1 (0.9 −4.1) 

Mosquito bites Yes 1.7 (1.3 −2.3) ∗∗∗ 1.4 (1.1 −1.9) ∗∗ 1.3 (1.0 −1.6) - 0.9 (0.6 −1.3) - 

Stagnant water around home Yes 2.6 (1.8 −3.7) ∗∗∗ 1.8 (1.2 −2.6) ∗∗ 1.2 (0.8 −1.7) - 1.3 (0.6 −2.2) - 

Piped water Yes 1.7 (1.3 −2.2) ∗∗∗ 1.4 (1.1 −1.9) ∗∗ 1.1 (0.9 −1.4) - 0.9 (0.6 −1.4) - 

Mosquito net use Yes 1.3 (0.9 −1.7) - 1.6 (1.3 −2.1) ∗∗∗ 1.6 (1.3 −2.0) ∗∗∗ 0.8 (0.5 −1.1) - 

Visiting mines Yes 0.7 (0.2 −1.7) - 0.8 (0.3 −1.6) - 2.9 (1.1 −6.7) ∗∗ 3.2 (1.2 −7.6) ∗

OR, odds ratio; CI, confidence interval. ∗∗∗P < 0.001; ∗∗P < 0.01; ∗P < 0.05; Ref. = reference group (OR = 1). 
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as been reported in other studies. In a recent study in Vietnam, 

he prevalence of recent ZIKV infection was highest in the 46–

0 years age group ( Nguyen et al., 2020 ). Similarly, higher DENV 

revalence rates were observed among older than younger in- 

ividuals, an observation that corresponds with the findings of 

tudies in Malaysia ( Dhanoa et al., 2018 ) and elsewhere in Africa 

 Mwanyika et al., 2021 ). A low DENV prevalence among individ- 

als < 15 years old has also been reported recently in Cameroon 

 Tchuandom et al., 2019 ). As in the current study, the association 

f age with DENV infection in Zambia showed that those aged < 5 
277 
ears expressed a lower risk of DENV seropositivity than those 

ged ≥45 years ( Mazaba-Liwewe et al., 2014 ). Like in CHIKV and 

ENV, higher ZIKV prevalence is frequent among the older individ- 

als. In a study in Vietnam, the prevalence of ZIKV infections was 

ighest in the 46–60 years age group ( Nguyen et al., 2020 ), while

n Brazil it was highest among those 20–45 years old ( Barreto 

t al., 2020 ). 

Logistic regression analysis showed higher odds of CHIKV 

eropositivity among individuals with fever. Chikungunya normally 

resents with an abrupt onset of high fever, with the majority of 
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Table 4 

Risk factors associated with co-infection with dengue + chikungunya or chikungunya + Zika IgG in the univariate and 

multivariate logistic regression models 

Pathogen Exposure risk factor Category Univariate Multivariable 

OR (95% CI) OR (95% CI) 

DENV and CHIKV Age (years) < 28 Ref. Ref. 

28–42 3.5 (1.9 −6.6) ∗∗∗ 3.5 (1.9 −6.5) ∗∗∗

> 42 3.9 (2.2 −7.3) ∗∗∗ 4.0 (2.3 −7.5) ∗∗∗

Mosquito net use Yes 2.0 (1.3 −3.2) ∗∗ 1.5 (0.9 −2.5) 

Mosquito bite Yes 1.5 (0.9 −2.3) 1.1 (0.7 −1.8) 

Stagnant water around home Yes 2.0 (1.1 −3.5) ∗ 1.7 (0.9 −2.9) 

Piped water Yes 2.1 (1.4 −3.0) ∗∗∗ 1.8 (1.2 −2.7) ∗∗

CHIKV and ZIKV Sampling setting Household Ref. Ref. 

Facility 2.4 (1.1 −5.4) ∗∗ 2.7 (1.3 −6.3) ∗∗

Occupation Employed Ref. Ref. 

Farming 0.4 (0.2 −1.5) 0.5 (0.2 −1.7) 

Trading 0.2 (0.0 −0.7) ∗∗ 0.2 (0.0 −0.8) 

Student 0.2 (0.0 −1.1) 0.2 (0.1 −1.6) 

Ecological zone Central Ref. Ref. 

Western 1.2 (0.4 −3.6) 1.2 (0.4 −3.7) 

North-eastern 0.4 (0.1 −1.6) 0.5 (0.1 −1.8) 

Southern Highlands 0.8 (0.2 −2.9) 0.8 (0.2 −3.0) 

Lake Victoria 3.1 (1.1 −9.1) ∗ 2.8 (1.1 −8.5) ∗

OR, odds ratio; CI, confidence interval; CHIKV, chikungunya virus; DENV, dengue virus; ZIKV, Zika virus. ∗∗∗P < 0.001; 
∗∗P < 0.01; ∗P < 0.05; Ref. = reference group (OR = 1). 

Table 5 

Risk factors associated with multiple arbovirus IgG seropositivity in the univariate and multivariable logistic regression models 

Pathogen Exposure risk factor Category Univariate Multivariable 

OR (95% CI) OR (95% CI) 

DENV, CHIKV, or ZIKV Age (years) < 28 Ref. Ref. 

28–42 1.6 (1.2 −1.9) ∗∗∗ 1.5 (1.2 −1.9) ∗∗

> 42 1.9 (1.2 −2.4) ∗∗∗ 1.9 (1.5 −2.5) ∗∗∗

Ecological zone Central Ref. - 

Western 0.9 (0.7 −1.2) - 

North-eastern 0.7 (0.5 −0.9) - 

Southern Highlands 0.4 (0.3 −0.5) - 

Lake Victoria 1.2 (0.9 −1.6) - 

Fever Yes 2.3 (1.4 −3.8) ∗∗∗ 2.5 (1.5 −4.2) ∗∗∗

Mosquito bite Yes 1.4 (1.1 −1.7) ∗∗ 1.3 (1.1 −1.6) ∗

Stagnant water around home Yes 1.6 (1.2 −2.3) ∗∗ 1.6 (1.1 −2.3) ∗∗

Piped water Yes 1.2 (0.9 −1.5) - 

Mosquito net use Yes 1.3 (1.1 −1.6) ∗∗ 1.2 (0.9 −1.5) 

Visiting mines Yes 0.9 (0.5 −1.9) - 

DENV + CHIKV + ZIKV Age (years) < 28 Ref. Ref. 

28–42 5.3 (0.9 −10) 5.4 (0.9 −10) 

> 42 10 (1.9 −19) 9.9 (1.8 −18) ∗∗

Ecological zone Central Ref. Ref. 

Western 2.0 (0.2 −4.2) 1.9 (0.1 −4.1) 

North-eastern 3.5 (0.3 −7.6) 3.4 (0.3 −7.3) 

Southern Highlands 5.9 (0.9 −11) 5.5 (0.9 −11) 

Lake Victoria 10 (1.7 −20) ∗ 9.9 (1.5 −19) ∗

Fever Yes 3.9 (0.6 −14) - 

Mosquito bite Yes 2.1 (0.7 −9.0) - 

Stagnant water around home Yes 2.9 (0.7 −9.3) - 

Mosquito net use Yes 2.4 (0.8 −10) - 

Visiting mines Yes 0.1 (0.0 −0.4) - 

OR, odds ratio; CI, confidence interval; CHIKV, chikungunya virus; DENV, dengue virus; ZIKV, Zika virus. ∗∗∗P < 0.001; ∗∗P < 

0.01; ∗P < 0.05; Ref. = reference group (OR = 1). 
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ndividuals infected developing fever, compared with DENV and 

IKV infections which are sub-clinical in the majority of infected 

ndividuals ( Martinez et al., 2019 ). In this study, about half of 

hose who had fever at the time of recruitment were positive for 

HIKV IgG antibodies. The findings of the present study agree with 

he results from previous studies ( Pinzón-Redondo et al., 2016 ; 

inimi et al., 2018 ). Moreover, the study results indicate that living 

n Kinondoni and Mvomero districts, increasing age, experiencing 

egular mosquito bites, piped water at home, and the presence of 

tagnant water around the home were potential factors associated 

ith the risk of DENV exposure. In urban areas like Kinondoni with 

 high population density, solid waste disposal facilities are poor, 

roviding conducive breeding sites for Aedes mosquitoes (Kholedi 
278 
t al., 2012; Mukhtar et al., 2012 ; Camara et al., 2018 ). Living in

vomero and Ukerewe districts and visiting mines were potential 

isk factors for ZIKV infection. The reasons for this could not be de- 

ermined, although the risk for ZIKV transmission depends on the 

resence of vector mosquito species as a function of environmental 

uitability (Gardner et al., 2018). 

Overall, there was a significant difference in multiple expo- 

ure to DENV, CHIKV, and ZIKV between districts. The highest 

ENV + CHIKV seropositivity was recorded among individuals in Ki- 

ondoni, and the highest CHIKV + ZIKV seropositivity was found in 

kerewe district. Except for CHIKV + ZIKV multiple infection, none 

f the individuals aged < 15 years in this study had infections with 

wo arboviruses . In this study, the mean age range of the in- 
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ected population was statistically higher in the patients infected 

ith ZIKV than in those infected with DENV or CHIKV. A relatively 

igher prevalence of infections of the three arboviruses has been 

eported in a study performed at the Columbia–Venezuela border 

 Carrillo-Hernández et al., 2018 ) and among pregnant women in 

exico ( Eligio-García et al., 2020 ). These findings demonstrate the 

imultaneous co-circulation of DENV, CHIKV, and ZIKV in Tanza- 

ia, especially in Kinondoni, Mvomero, and Ukerewe districts. The 

revalence of co-circulation indicates the endemicity of the three 

rboviruses in Tanzania and emphasizes the need for molecular 

iagnosis to rule out serological cross-reaction and avoid false- 

ositives ( Langerak et al., 2019 ). 

Due to high homologies of antigens within the Flavivirus genus, 

hich includes DENV and ZIKV, cross-reactivity cannot be com- 

letely ruled out within the flaviviruses ( Rathore and St. John, 

020 ). Although, multiple flavivirus infections are possible, particu- 

arly in endemic regions, in this study seropositivity to DENV + ZIKV 

gG antibodies was considered as possible cross-reactivity. Given 

he quality of recombinant virus-specific non-structural protein 1 

NS1), the antigen source used in this study, cross-reactivity was 

etween 1% and 3% in all study districts. Similarly, limited cross- 

eactivity between DENV and ZIKV has been described recently us- 

ng the same NS1 ELISA kits ( Steinhagen et al., 2016 ). 

Residents of the Lake Victoria zone were significantly at higher 

isk of CHIKV + ZIKV co-circulation than those in the other zones. 

iving in Kinondoni and the presence of piped water at home were 

ignificant risk factors for DENV and CHIKV co-circulation. Living 

n Ukerewe, Mvomero, and Kinondoni districts were potential risk 

actors for DENV and ZIKV co-circulation, while living in Mvomero 

as a significant risk factor for CHIKV and ZIKV co-circulation. Liv- 

ng in Ukerewe was a potential risk factor for DENV, CHIKV, and 

IKV co-circulation. In contrast, in a study in Malaysia, no associa- 

ions between arbovirus co-circulation and occupation, study site, 

r educational level were observed ( Dhanoa et al., 2018 ). 

Chikungunya, dengue, and Zika are thought to have originated 

n Tanzania ( Christie, 1872 ; Dick et al., 1952 ; Robinson, 1955 ).

ven though multiple mosquito-borne viral infections have been 

eported in Tanzania ( Hertz et al., 2012 ; Chipwaza et al., 2014 ;

airo et al., 2016 ), they have received little attention as pub- 

ic health threats for several decades. Co-circulation of mosquito- 

orne viral infections is a public health concern, because most 

ften they cause fevers that are usually not considered by clin- 

cians, especially in areas with inadequate laboratory capacities 

 Crump et al., 2013 ; Ayorinde et al., 2016 ). Thus, in many ar-

as, malaria is over-diagnosed, and patients without malaria have 

ad poor clinical outcomes ( Crump et al., 2013 ). Accurate and up- 

o-date epidemiological data on clinical cases of these mosquito- 

orne viral infections are limited in many areas of sub-Saharan 

frica. This is most likely because of the fact that they are asymp- 

omatic, and when they occur, symptoms are generally mild and 

on-specific, and therefore may not be detected or reported from 

ealthcare facility settings. The findings of this study provide im- 

ortant information for consideration in terms of the epidemiology 

nd interventions of chikungunya, dengue, and Zika in Tanzania. 

While interpreting the findings of this study, it should be noted 

hat due to the high similarity of the target antigens within the 

aviviruses, cross-reactivity cannot be ruled out. In secondary in- 

ections, IgG antibodies are expressed earlier than in primary in- 

ections; as a consequence, we are likely to have missed cases of 

hose who presented with primary viral infections during the acute 

hase of infection. 

In conclusion, the findings of this study provide evidence of 

ENV, CHIKV, and ZIKV co-circulation in diverse ecological zones 

f Tanzania. The widespread distribution of DENV, CHIKV, and ZIKV 

eroprevalence in the country emphasizes the need for more ef- 

ective surveillance to monitor their occurrence and spread. It is 
279 
mportant that surveillance and diagnostic systems for the three 

nfections are strengthened nationwide to capture information re- 

ated to arboviruses. The observed arbovirus co-circulation calls for 

teps to improve the differential diagnosis of febrile syndromes in 

rder to improve clinical management and outcomes. 
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