
M A J O R  A R T I C L E

Four Dengue Serotypes and Chikungunya Virus in Kilombero, Tanzania • ofid • 1

Open Forum Infectious Diseases

 

Received 9 September 2020; editorial decision 11 December 2020; accepted 21 December 
2020.

Correspondence: Beatrice Chipwaza, BVM, MSc, PhD, P.O. Box 53, Ifakara, Tanzania  
(bchipwaza@sfuchas.ac.tz; bchipwaza@ihi.or.tz).

Open Forum Infectious Diseases®2021
© The Author(s) 2020. Published by Oxford University Press on behalf of Infectious Diseases 
Society of America. This is an Open Access article distributed under the terms of the Creative 
Commons Attribution-NonCommercial-NoDerivs licence (http://creativecommons.org/licenses/
by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the work, in any 
medium, provided the original work is not altered or transformed in any way, and that the 
work is properly cited. For commercial re-use, please contact journals.permissions@oup.com
DOI: 10.1093/ofid/ofaa626

Occurrence of 4 Dengue Virus Serotypes and 
Chikungunya Virus in Kilombero Valley, Tanzania, During 
the Dengue Outbreak in 2018
Beatrice Chipwaza,1,2,  Robert David Sumaye,2 Maja Weisser,2,3 Winfrid Gingo,4 Nicholas Kim-Wah Yeo,5,6 Siti Naqiah Amrun,5,6 Fredros O. Okumu,2,7,8,9 
and Lisa F. P. Ng5,6,10,11

1St. Francis University College of Health and Allied Sciences (SFUCHAS), P.O. Box 175, Ifakara, Tanzania, 2Ifakara Health Institute, P.O. Box 53, Ifakara, Tanzania, 3Division of Infectious Diseases 
& Hospital Epidemiology, University Hospital Basel, Basel, Switzerland, 4St. Francis Referral Hospital (SFRH), P.O. Box 73, Ifakara, Tanzania, 5A*STAR Infectious Diseases Labs (A*STAR ID Labs), 
Agency for Science, Technology and Research (A*STAR), Immunos, Biopolis, Singapore, Singapore, 6Singapore Immunology Network (SIgN), Agency for Science, Technology and Research 
(A*STAR), Immunos, Biopolis, Singapore, Singapore, 7Faculty of Health Science, School of Public Health, University of the Witwatersrand, Johannesburg, South Africa, 8School of Life Science 
and Biotechnology, Nelson Mandela African Institution of Science and Technology, P.O. Box 447, Arusha, Tanzania, 9Institute of Biodiversity, Animal Health and Comparative Medicine, University 
of Glasgow, Glasgow, United Kingdom, 10National Institute of Health Research, Health Protection Research Unit in Emerging and Zoonotic Infections, University of Liverpool, Liverpool, United 
Kingdom, and 11Institute of Infection, Veterinary and Ecological Sciences, University of Liverpool, Liverpool, United Kingdom

Background.  Dengue and Chikungunya viruses can cause large-scale epidemics, with attack rates of up to 80%. In Tanzania, 
there have been repeated outbreaks of dengue fever, the most recent in 2018 and 2019, mostly affecting the coastal areas. Despite 
the importance of these viruses, there is limited knowledge on the epidemiology of dengue (DENV) and Chikungunya (CHIKV) in 
Tanzania. This study was conducted to investigate the prevalence of DENV and CHIKV in Kilombero Valley, Tanzania.

Methods.  A cross-sectional study was conducted at Kibaoni Health Center in Kilombero Valley, Southeastern Tanzania, in 
the rainy and dry seasons of 2018. Febrile patients of any age and gender were enrolled from the outpatient department. Blood sam-
ples were taken and screened for DENV and CHIKV viral RNA by real-time reverse transcription polymerase chain reaction assays.

Results.  Overall, 294 patients were recruited. Most were females (65%), and one-third of patients were aged 14–25 years. 
DENV and CHIKV were detected in 29 (9.9%) and 3 (1.0%) patients, respectively. DENV was detected across all age groups during 
both the dry and rainy seasons. Although all 4 DENV serotypes were detected, serotypes 1 and 3 dominated and were present in 14 
patients (42.4%) each. Additionally, the study showed DENV-1 and DENV-3 co-infections.

Conclusions.  This study reveals the co-circulation of all 4 DENV serotypes and CHIKV in Kilombero. Importantly, we report 
the first occurrence of DENV-4 in Tanzania. Unlike previous DENV outbreaks caused by DENV-2, the 2018 outbreak was domin-
ated by DENV-1 and DENV-3. The occurrence of all serotypes suggests the possibility of severe clinical outcomes in future DENV 
epidemics in Tanzania.
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Dengue (DENV) and Chikungunya (CHIKV) viruses pose a 
significant public health threat, with increasing geographic 
range and severity. There have been several acute-onset large-
scale epidemics with attack rates of DENV and CHIKV reaching 
90% and 85%, respectively [1–3]. Annually, DENV causes up 
to 400 million infections [4], while CHIKV has been reported 
in nearly 40 countries around the world with an estimate of 

2 million cases [5]. Numerous outbreaks have been noted in 
Africa, including in East African countries such as Kenya, where 
outbreaks have been reported in 2016, 2019, and 2020 [6, 7]. 
The clinical manifestations of both diseases are similar to ma-
laria and thus could lead to misdiagnosis and underreporting of 
such infections in the absence of specific laboratory diagnostic 
testing in malaria-endemic areas [8].

In Africa, out of the 4 immunogenically and genetically 
distinct DENV serotypes (DENV 1–4), DENV-2 is the most 
frequently documented [9–12]. Importantly, exposure to 1 
DENV serotype does not confer immunity to other serotypes 
[13], and secondary infections by another serotype or mixed 
infections increase the risk of developing dengue hemor-
rhagic fever (DHF) and dengue shock syndrome (DSS), both 
being potentially lethal manifestations of dengue [14]. The 
3 genotypes of CHIKV are Asian, West African, and East/
Central/South African (ECSA) [15]. Since its discovery 
in 1952 in Tanzania, there have been several reports from 
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studies mostly conducted in Northern and Central Tanzania 
[10, 16, 17].

In Tanzania, DENV outbreaks were reported in 2010, 
2012–2014 [9, 18–20], and recently in 2018 and 2019 [21]. The 
2014 outbreak resulted in 1018 confirmed cases and 4 deaths, 
mainly in Dar es Salaam [22], with a few confirmed cases in 
Kilosa district [10]. However, the worst documented dengue 
outbreak occurred in 2019 in Dar es Salaam and later in Tanga 
[21], with 6873 cases and 13 deaths [21]. Severe dengue infec-
tion is uncommon in Tanzania, reported in 3%–5% of dengue-
infected patients in the Dar es Salaam region [23, 24]. DENV-2 
is the most widely reported [23], even though co-circulation 
of DENV-1 and DENV-3 was demonstrated in the recent out-
break in 2019 [25]. In addition, there is evidence of DENV-1 
and DENV-3 in travelers who returned to Japan from Tanzania 
[26, 27].

CHIKV infections, on the other hand, have been documented 
mostly in a few districts in Northern and Central Tanzania, with 
a prevalence ranging from 4% to 8% [10, 17, 28]. Currently, 
there is little information available regarding the prevalence of 
the circulating DENV serotypes and CHIKV in several areas of 
Tanzania. Unfortunately, there is also a lack of appropriate path-
ogen diagnosis in febrile diseases, and no surveillance programs 
have been conducted so far. Therefore, sporadic cases may have 
occurred but may have been undetected or misdiagnosed as 
malaria or other viral diseases because of similar clinical symp-
toms. The aim of this study was to determine the prevalence 
of DENV and CHIKV, including identification of DENV sero-
types, in Kilombero Valley, Southeastern Tanzania.

METHODS

Study Setting

This study was conducted in Ifakara Town Council (ITC), 
located in Kilombero Valley, Southeastern Tanzania. The 
Kilombero Valley is surrounded by wildlife management areas, 
rainforests, and savannahs. The Kilombero River runs through 
the valley, creating one of the largest flood plains in Africa. The 
area has a dry season lasting from June to November and 2 rainy 
seasons, with heavy rains from March to May and short rains 
in December and January. Administratively, ITC has 1 division 
subdivided into 9 wards and 11 villages. Five wards are in urban 
areas, while 4 are in rural areas. This study was conducted at 
Kibaoni Health Center (KHC) located within ITC. KHC serves 
a population of about 106  424 people mainly from ITC and 
other parts of the Kilombero and Ulanga districts.

Study Design and Population

A cross-sectional study of patients presenting to the KHC with 
fever was conducted from March to May 2018 (rainy season) 
and from June to October 2018 (dry season). Eligible criteria 
were febrile patients of any age and gender with a measured 

axillary or rectal temperature of ≥37.5°C or ≥38°C, respec-
tively. Patients were excluded from the study if they presented 
with severe illnesses that required immediate medical care, and 
individuals with positive malaria results by rapid test were ex-
cluded in the subsequent laboratory analysis, Figure 1.

Sample Size

The sample size was estimated to be 334 and was calculated 
with the formula reported in Naing et al. (2006), using a prev-
alence of 29% based on a study conducted in febrile patients in 
Kilosa district, located 180 km from the study area [10, 29]. The 
assumptions for the confidence level and margin of error were 
95% (1.96) and 5% (0.05), respectively, while recording error, as 
well as other such contingencies, was 5%.

Clinical Examination and Sample Collection

A trained physician at KHC obtained informed consent from 
eligible febrile patients. Information on demographics was col-
lected using a standardized questionnaire. A physical examina-
tion was performed for each patient. The provisional clinical 
diagnosis and patient management were done by the hospital 
clinical team according to the local standard of care. Venous 
blood (5  mL from children and adults, or 2–3  mL from in-
fants) was collected aseptically into EDTA vacutainer tubes for 
viral diagnostics. The blood was immediately transported to 
the Ifakara Health Institute (IHI) laboratory for phase separa-
tion. Plasma fractions were obtained and stored at –80°C until 
analyzed.

Laboratory Analysis

All enrolled patients were initially screened by malaria rapid 
diagnostic test (mRDT) against malaria parasites using SD 
BIOLINE Malaria Ag Pf/Pan (Standard Diagnostics, Inc.) at 
KHC. Samples whose mRDT results were negative were further 
analyzed by DENV and CHIKV real-time reverse transcriptase 
polymerase chain reaction (RT-PCR) assays at the IHI labora-
tory, Ifakara, Tanzania.

Real-time RT-PCR for Detection of DENV and CHIKV

RNA was extracted from plasma samples using the QIAamp 
Viral RNA Mini Kit (QIAGEN, Hilden, Germany). Real-
time RT-PCR kits were used for detection and differentia-
tion of CHIKV and DENV 1–4 serotypes (Infectious Diseases 
Horizontal Technology Centre, A*STAR). The kits were com-
prised of (i) Mix 1, which had specific oligonucleotide primers 
and Taqman probes for multiplex detection of DENV-1 and 
DENV-3, (ii) Mix 2, with specific oligonucleotide primers and 
probes for detection of DENV-2, DENV-4, and CHIKV, and 
(iii) internal control (IC) targeting β-actin protein in each re-
spective mix and positive controls for all 4 DENV serotypes 
and CHIKV. The real-time RT-PCR for both Mix 1 (DENV1 
and DENV3) and Mix 2 (DENV2, DENV4, and CHIKV) was 
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carried out in a total reaction volume of 25 µL, with primer and 
probe concentrations as indicated in Supplementary Table 1. 
Thermal cycler conditions were used as follows: reverse tran-
scription at 50°C for 20 minutes, initial denaturation at 95°C 
for 2 minutes, and 45 cycles of repeated denaturation at 95°C 
for 45 seconds and extension at 60°C for 1 minute 15 seconds. 
One-step real-time RT-PCR was performed in a Rotor Gene Q 
thermocycler (Qiagen).

Patient Consent Statement

A written informed consent was obtained from each partici-
pant. For children aged <12 years, a written informed consent 
was sought from a parent or guardian. In addition, verbal as-
sent was also obtained from children aged 7–12 years, whereas 
those aged 12  – 18  years provided their own written consent 
in addition to consent of a parent or guardian. This study 
was approved by Institutional Review Board of Ifakara Health 
Institute (IHI/IRB/No. 12–2017) and the Medical Research 
Coordinating Committee of Tanzania’s National Institute for 
Medical Research (NIMR/HQ/R.8a/Vol.1X/2565). Each patient 
was assigned a study identification number to ensure confiden-
tiality, which were applied to all patient specimens and data. All 
data were stored on a password-locked computer.

RESULTS

A total of 294 febrile patients were recruited into this study. 
One-third (33.0%) of patients were aged 14–25  years, and 
another third (30%) were aged 26–45  years (Table  1). Most 

participants were female (65.0%), and half (51.7%) were re-
cruited during the dry season. One hundred eighty-four pa-
tients (62.6%) presented at KHC with a fever duration of 
1–4 days, and 101 (34.4%) had a duration of 5–7 days. About 
half of the participants were subsistence farmers (52%), while 
12.6% were engaging in business. The rest of the participants 
were students and children. Administratively, the majority of 
patients (88.1%) who visited KHC were from ITC, and very 
few came from Kilombero and Ulanga districts. The main 
presenting symptoms were headache (136, 46.3%), coughing 
(131, 44.6%), malaise (66, 22.4%), diarrhea (42, 14.3%), and 
vomiting (9, 0.3%).

Prevalence of DENV and CHIKV

The internal and positive controls for both DENV and CHIKV 
were amplified as shown in Supplementary Figures 1–6. All 
patients’ samples were successfully tested against dengue and 
Chikungunya viruses. Of 294 febrile patients, 29 (9.9%) tested 
positive for DENV by real-time RT-PCR. DENV was detected 
across all age groups, although the majority was observed in 
participants aged 14–25 years and >45 years. Among 29 DENV-
positive samples, 19 were females and 10 were males (Table 2). 
DENV was detected in both seasons, that is, 16 and 13 cases 
in the rainy and dry seasons, respectively. DENV viral RNA 
copies were detected mostly in patients with a fever duration 
of 1–4 days. In terms of location (by administration), most of 
the DENV patients came from ITC. In this study, all DENV 
serotypes were detected, but DENV-1 and DENV-3 were more 
frequent (14 cases each), as summarized in Table  3. DENV-2 
was detected in 2 patients, while DENV-4 was observed in 1 pa-
tient. Furthermore, our findings revealed co-infection between 
DENV-1 and DENV-3 in 2 patients as indicated in Table 3.

Concerning CHIKV, only 3 patients (1%) out of 294 were 
CHIKV RT-PCR positive. Among the 3 positives, 2 were males. 
The 3 patients were a 22-year-old student, a 27-year-old farmer, 
and a 70-year-old farmer. Two CHIKV-positive cases were de-
tected during the rainy season and 1 in the dry season.

DISCUSSION

This study reveals the presence of DENV and CHIKV among 
febrile patients seen at a district hospital in rural Tanzania in 
2018 at the same time as a DENV outbreak in the coastal area 
of the country. Our findings demonstrate the occurrence of 
all 4 DENV serotypes as well as a co-infection with DENV-1 
and DENV-3.

In the present study, the 9.9% prevalence of DENV was lower 
than previously reported in Dar es Salaam in 2019 (17 out of 
20) [25]. This difference could be due to the study population, as 
the study from Dar es Salaam only involved dengue-suspected 
cases while the current study involved outpatient febrile pa-
tients from a health center. In addition, the earlier study was 
conducted in an urban setting with diverse breeding habitats for 

Table 1.  Demographic Information of the Study Participants

Category Subcategory No. %

Age ≤5 y 25 8.5

6–13 y 24 8.2

14–25 97 33.0

26–45 88 29.9

>45 60 20.4

Gender Male 103 35.0

Female 191 65.0

Season Rainy 142 48.3

Dry 152 51.7

Occupation Farmer 153 52.0

Employed 2 0.7

Students 80 27.2

Business 37 12.6

Children 22 7.5

Location (by administration) Ifakara Town Council 268 91.2

Kilombero district 9 3.1

Ulanga district 17 5.8

Location (urban vs rural) Urban 196 66.7

Rural 98 33.3

Duration of fever 1–4 d 184 62.5

5–7 d 101 34.4

Undetermined 9 3.1
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Aedes mosquitoes, which may contribute to urban transmission 
of the arboviral diseases, whereas the later study was conducted 
in a rural setting [30]. Also, the lower prevalence of DENV in 
our study could be a result of viral RNA detection sensitivity 
by RT-PCR declining with duration of fever, and therefore we 
might have missed patients with >5 days’ fever duration.

The 1% prevalence of CHIKV observed in this study is 
lower than that of Northern and Central Tanzania, where 
previous epidemiological studies reported a prevalence of 
4%–8% [16, 17]. Furthermore, the low prevalence of CHIKV 
in Tanzania is in contrast to other countries in Africa (in-
cluding East Africa), where outbreaks of CHIKV have been 
frequently reported since 1952 with a prevalence of up to 53% 
(n = 100/189) [31–34]. Our findings document the persistent 
circulation of CHIKV, supporting seroprevalence studies in 
other districts of Tanzania where anti-CHIKV antibodies 
(both immunoglobulin M and immunoglobulin G) have 

been detected; that is, 4.7% (n = 364) and 14% (n = 105), re-
spectively, in the population, thus suggesting the endemicity 
of the disease [10, 35].

Unlike in the previous DENV outbreaks in Tanzania, 
which were mainly caused by DENV-2 [10, 20, 23], find-
ings from the current study have shown that all DENV sero-
types were circulating, with a predominance of DENV-1 
and DENV-3 in the 2018 outbreak. Our results are in line 
with the findings from the study done in Dar es Salaam in 
2019, which reported co-circulation of DENV-1 and -3 [25]. 
Furthermore, DENV-1 was detected in a traveler returning 
from Tanzania to Japan in 2019 [26], and DENV-3 had been 

Table 3.  Proportion of DENV Serotypes Among PCR-Positive Samples 
(n = 29)

Dengue Serotype No. (%)

DENV-1 14 (42.4)

DENV-2 2 (6.0)

DENV-3 14 (42.4)

DENV-4 1 (3.0)

Co-infection with DENV-1 & DENV-3 2 (6.0)

Abbreviations: DENV, dengue virus; PCR, polymerase chain reaction.

620 febrile
participants

326 mRDT
+ve

262 -ve 3 Chikungunya +ve 29 Dengue +ve

294 mRDT -ve

Figure 1.  Flowchart of study participants’ enrollment and specimen proc-
essing. Abbreviations: +ve,  individuals who tested positive; –ve,  individuals who 
tested negative; mRDT, malaria rapid diagnostic test.

Table 2.  Characteristics of Patients With DENV by Real-time RT-PCR

Category Subcategory DENV+ (%) Odds Ratio 95% CI

Overall All patients 29 (9.9) N/A N/A

Age ≤5 y 3 (1.0) 1 N/A

6–13 y 1 (0.3) 0.26 0.02–2.78

14–25 10 (3.4) 0.74 0.18–2.94

26–45 6 (2.0) 0.55 0.12–2.39

>45 9 (3.1) 1.18 0.29–4.82

Gender Male 10 (3.4) 1 N/A

Female 19 (6.5) 1.01 0.45–2.27

Season Dry 13 (4.4) 1 N/A

Rainy 16 (5.4) 1.40 0.65–3.03

Location Ifakara Town Council 26 (8.8) 1 N/A

Kilombero district 2 (0.7) 2.71 0.53–13.75

Ulanga district 1 (0.3) 0.59 0.07–4.65

Location (urban vs rural) Rural 9 (31.0) 1 N/A

Urban 20 (69.0) 1.14 0.50–2.62

Duration of fever 1–4 d 27 (9.2) 1 N/A

5–7 d 2 (0.7) 0.90 0.20–4.09

Symptoms Headache 13 (44.8) N/A N/A

Cough 10 (34.5) N/A N/A

General body pain 5 (17.2) N/A N/A

Diarrhea 3 (10.3) N/A N/A

Skin rash 1 (3.4) N/A N/A

Abbreviations: DENV, dengue virus; RT-PCR, reverse transcriptase polymerase chain reaction.
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reported in Japan from a traveler who had visited Tanzania in 
2010 [36], supporting its existence in the country. During the 
repeated DENV outbreaks in Tanzania, the reported disease 
severity was low to moderate with few deaths, that is, 4 and 
13 deaths in the 2014 and 2018–2019 outbreaks, respectively 
[22, 24]. Out of the 4 deceased cases in 2014, 1 had presented 
with DHF and 1 with multiple organ failure. Unfortunately, 
no data on the DENV serotype are available from the indi-
viduals who died [37]. With the increasing number of cases 
reported recently and the coexistence of all DENV serotypes, 
more severe disease or fatal outcomes might be observed in 
the future [14, 38].

The present study was conducted at a health care facility 
serving urban and semi-urban communities. Most DENV-
positive cases seen in this study (26 samples) were from ITC 
and occurred in both the rainy and dry seasons. This is in line 
with other studies, which have demonstrated the occurrence 
of DENV in urban and semi-urban areas, correlating to the 
distribution of the vector A. aegypti mosquitoes [39, 40]. The 
surrounding wetlands in our study settings provide suitable 
breeding habitats for mosquitoes, and in addition the pres-
ence of short rains could further favor breeding of A. aegypti 
throughout the year. Thus, this increases the rate of CHIKV and 
DENV transmission.

Strengths and Limitations of the Study

To the best of our understanding, this study is the first to 
show the occurrence of DENV and CHIKV in Southwestern 
Tanzania. The study was conducted at a primary health care 
facility where most patients living in the area seek treatment 
and thus gives a good representation of the general population. 
Limitations of the study are that we tested the samples by real-
time RT-PCR only, which might lead to underdetection of cases 
with a fever duration of >5 days. Our findings could be comple-
mented by employing serological tests coupled with acute and 
convalescent serum and isolating RNA from whole blood and 
urine, as viral RNA persist longer in the urine. Also, we did not 
include very sick and hospitalized patients, which might have 
led to an underreporting of cases. Furthermore, due to limited 
resources, we excluded mRDT-positive individuals and hence 
missed chances to detect co-infections with malaria.

CONCLUSIONS

This study demonstrated the occurrence of all 4 DENV sero-
types and CHIKV in Kilombero Valley, with DENV-4 being 
reported for the first time in Tanzania. In addition, we revealed 
the presence of co-infection with DENV-1 and -3 in 1 patient, 
possibly corresponding to a changing pattern of DENV sero-
types from DENV-2 in the previous outbreaks to DENV-1 and 
DENV-3 in the 2018 outbreak. These findings are important 
in planning for future epidemics. We recommend further 

studies, particularly longitudinal ones that integrate febrile 
patients and vector surveillance to understand local transmis-
sion dynamics.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 
online. Consisting of data provided by the authors to benefit the reader, 
the posted materials are not copyedited and are the sole responsibility 
of the authors, so questions or comments should be addressed to the 
corresponding author.
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