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Abstract

Background Tanzania has experienced multiple dengue outbreaks between 2010 and 2019, caused by various
dengue virus (DENV) strains. In 2019, there were 6917 confirmed dengue cases and 13 deaths in Tanzania. Routine
diagnosis of dengue fever is unfortunately excluded, particularly during non-outbreak periods, resulting in delayed
outbreak detection and control. The aim of this study was to improve early detection and control measures for DENV
by investigating its circulation in human and Aedes aegypti (A.aegypti) mosquitoes during the non-outbreak periods in
Dar es Salaam, Tanzania, which is an area frequently affected by dengue outbreaks.

Methods Four hundred and fifteen (415) blood samples were collected from patients attending randomly selected
health facilities in five wards; Azimio, Keko, Mtoni, Mbagala and Chamazi within Temeke district. The samples were
tested for DENV NST antigen and anti-dengue IgM and IgG antibodies by rapid test. Then, 150 out of 415 blood
samples were tested for the DENV by conventional Reverse Transcriptase Polymerase Chain Reaction (RT-PCR). Two
thousand two hundred and fifty (2,250) adult female A.aegypti mosquitoes were collected using a Prokopack aspirator
and BG sentinel trap or obtained after rearing immature stages and tested, in pools of 15 for DENV by RT-PCR.
Statistical Software, SPSS version 23, was used for data analysis.

Results Of the tested blood samples, 17% (71/415) were positive by NS1 antigen, 0.5% (2/415) by IgM, 0.5% (2/415)
by IgG antibodies, and 0.5% (2/415) by IgM and IgG. None of the samples tested positive by DENV RT-PCR. Moreover,
3.3% (5/150) of tested mosquito pools had DENV by RT-PCR. Individuals aged between 21 and 40 years of age had
increased risk of testing positive for DENV NS1 antigen, followed by those aged 5-20 years old, particularly those
residing from Azimio ward, Keko ward, Mtoni ward and Mbagala ward, p-value <0.05.

Conclusion Findings from this study revealed evidence of DENV circulation during non-outbreak periods in Dar
es Salaam, Tanzania. These findings underscore the importance of including testing for dengue infection in routine
differential diagnoses of febrile cases, and also frequent dengue surveillance in mosquitos. This proactive approach
will help early DENV outbreak detection and control in the country.
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Background

Dengue fever is said to be the fastest-growing mosquito-
borne viral disease in the world [1]. The disease is caused
by an RNA virus in the family Flaviviridae, genus Fla-
vivirus [2]. Dengue virus (DENV) has four serotypes
(DENV 1-4); infection with one serotype confers long-
term immunity, while subsequent infections with other
serotypes increase the risk of severe disease [2—4]. The
mosquito species Aedes aegypti (A.aegypti) circulates
DENV in human populations. Unplanned urbanisation,
effects of climate change, and lack of routine vector con-
trol activities increase the risk of DENV infection [5]. All
these factors increase the vector population, and in turn
increase the spread and maintenance of the disease.

Infection with the DENV can result in three outcomes:
asymptomatic infection, a self-limiting infection with
mild symptoms or a severe infection which can turn into
haemorrhagic fever or dengue shock syndrome [5]. Dur-
ing disease onset, dengue symptoms are similar to other
febrile illnesses, including malaria, influenza, measles,
zika, chikungunya, and yellow fever to name but a few
[6].

Dengue poses a health concern across Africa, the
Americas, Eastern Mediterranean, Southeast Asia and
Western Pacific and increasingly Europe [7]. Every year,
dengue affects about 390 million people, while 3.9 billion
remain vulnerable [5]. In the year 2023, there were 5 mil-
lion dengue cases and 5000 reported deaths [8]. Of those,
Africa reported 171,991 dengue cases and 753 deaths,
however, insufficient diagnostic capacity and health seek-
ing behaviour was likely the cause for underreporting of
dengue cases [9, 10]. Tanzania has been among the Afri-
can countries experiencing repeated dengue outbreaks
since 2010 [11]. The largest outbreaks occurred in 2014,
with 1018 confirmed cases and 4 deaths, and in 2019,
6917 confirmed cases and 13 deaths [12-15]. All four
dengue serotypes circulate in the country [13, 16], thus
presenting an increased risk for severe dengue outbreaks.
The coastal Dar es Salaam region has been the most
affected by all dengue outbreaks in Tanzania [13-15].
However, epidemiologic studies in Tanga [17] and Kili-
manjaro [18] regions also suggested circulation of DENV
during non-outbreak periods in these areas. A recent
seroprevalence survey among blood donors in Dar es
Salaam in 2020, reported 1% IgM and a staggering 43.5%
IgG prevalence, indicating widespread past infection and
active DENV circulation during non-outbreak periods
[19]. To enhance the understanding on DENV circulation
in Dar es Salaam region, we conducted this study dur-
ing a non-outbreak period in 2023. To achieve this, we
assessed the prevalence of DENV infection among febrile
patients attending randomly selected health facilities in
Dar es Salaam while simultaneously testing A.aegypti
mosquitoes for DENYV, which were collected within the
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geographical settings of recruited patients’ households.
The herein results serve as important baseline infor-
mation to inform proactive measures and sustained
intervention for controlling dengue transmission in the
country.

Methods

Study setting

This study was conducted in Temeke district, in Dar es
Salaam region, Tanzania (Fig. 1). Given the limited bud-
get for this study, Temeke district was randomly selected
to represent the Dar es Salaam region, which comprises
five districts: Ilala, Temeke, Kinondoni, Kigamboni and
Ubungo.

Temeke district has an area of 240 square kilometres
[20] and a total population of 1,346,674 people, of which
655,137 are males and 691,537 females [21]. Administra-
tively, Temeke district is divided into 23 wards and 142
sub-wards [21, 22]. Temeke district experiences a tropi-
cal climate with high temperatures between 25 °C and
35 °C throughout the year [20, 23]. The main economic
activities in Temeke district are business, petty trading
and industrial activities [22]. This study was conducted
in five wards, namely Azimio, Mtoni, Chamazi, Mbagala
and Keko.

Study design, data collection process and laboratory
analysis

Part 1: prevalence of dengue among febrile patients

A health facility-based approach was used to recruit
febrile patients. Samples were prospectively collected
from May to July 2023. A sample size of 415 people was
considered adequate based on a published formula for
cross-sectional surveys [24]. The previous seropreva-
lence of dengue in Dar es Salaam was 43.5% IgG [19]. The
assumptions for standard normal deviation were 1.96 on
a 95% confidence interval, a margin of error of 0.05 and
a 10% non-response rate. To obtain 415 participants, a
multi-stage sampling technique was employed (Fig. 2).

Simple random sampling by lottery method was used
to select one district (Temeke) out of five districts of the
Dar es Salaam region. Within the Temeke district, ran-
dom numbers were used to select five health facilities to
participate in the study. Within the selected health facili-
ties, the selection of the patients to participate in this
study was done based on convenient sampling of patients
available for doctor consultation and meeting the inclu-
sion criteria.

The inclusion criteria for participating in the study
included being at least five years old and having com-
plaints of fever and any two of the following symptoms
commonly reported among dengue patients: headache,
joint pain and muscle pain, pain behind the eyes, nau-
sea, vomiting, and hemorrhage manifestations. Excluded
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Fig. 1 Map of the study area. The map was generated using ArcGlIS software, version 11.1, license number EFL96303636612
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Random selection of one district (Temeke) out of five districts 1n Dar es Salaam region
(other districts: [lala, Kinondoni, Ubungo, and Kigamboni)

Y

Random selection of five health facilities for detection of dengue 1n patients (Arafa
Azimio dispensary, Rangi tatu hospital, Mtoni dispensarv, Keko Mwanga dispensary
and Chamazi dispensarv) out of 149 health facilities located within Temeke district

Y

Convenient sampling of 415 patients with dengue fever related symptoms

¥
Chamazi Keko Arafa Mbagala Mtoni
Dispensary Mwanga Azimio Rangi tatu dispensary
(94) dispensarv | dispensary hospital (80)
81) (80) (80)

b4

Identification of specific wards where the selected health facilities were situated
and random selection of three sub-wards in each ward for mosquitoe survey

¥
Chamazi Keko Mbagala Mtoni Azimio
-Bamia -Keko B -Bugudadi -Bokorani® -Azimio
-Dovva -Magurumbasi A * | -Kizinga* -Bustani Kaskazim®
-Kiponza -Magurumbasi B* -Mangava -Chaurembo -Azimio Kusini
Kisewe* -Mwanga A -Mbagala* -Mtoni* -Kichangani
-Magengeni* | -Mwanga B* -Moringe* -Relim -Mbuvuni
-Mkodongwa -Serenge -Sabasaba* -Mj1 Mpva*
-Msufint* -Mtongani
-Rufu -Mtoni Unguja
-Vigoa -Tambuka Reli*

v

Identification of number of houses within each of the selected sub-ward and random
selection of five representative houses and other accessible buildings (hotels, restaurants,
bars, schools, hospitals, garages, and warehouses) found within the selected sub-wards

Chamazi Keko Azimio Mbagala Mtoni

-Total -Total -Total -Total -Total
enumerated enumerated enumerated enumerated enumerated
houses (4592) houses (2001) houses (2239) houses (2673) houses (2930)
-Surveyed (13) | -Surveved (15) -Surveyed (13) | -Surveyed (15) -Surveyed (13)

Fig. 2 Summary of sampling procedure. The asterisk sign (*) represents the selected sub-wards in each ward
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from this study were patients meeting the inclusion
criteria but with severe illnesses that required emer-
gency medical care and individuals who refused to give
informed consent.

Collection of blood samples

Before collecting blood samples, informed consent
was obtained from all eligible participants. The pro-
tocol was approved by the Tanzania’s Northern Zone
Ethical Clearance Committee (Reference number:
KNCHREC00061/12/2021). Patient complaints were
retrieved from patient clinic cards and socio-demo-
graphic information was additionally gathered from the
patients. All details were then recorded in a structured
questionnaire developed specifically for this study (Addi-
tional file 1). Subsequently, 2 ml of venous blood was col-
lected under sterile conditions into red top tubes without
anticoagulant or clot activator. The blood was then cen-
trifuged, and the resulting serum was promptly trans-
ferred into clean micro centrifuge tubes.

Detection of dengue virus antigen and antibodies

A small portion of the collected serum was immediately
tested for DENV non-structural protein1(NS1) antigen,
anti—dengue virus immunoglobulin M (IgM) and Immu-
noglobulin G (IgG) by duo dengue rapid test kit (CTK
Biotech, Inc. California, United States.) [25]. As indicated
in the respective test protocols, the used NS1 antigen test
had sensitivity and specificity of 100% and 98.8%, respec-
tively. The IgM test had a sensitivity and specificity of
96.9% and 98.9%, respectively. The IgG test had a sensi-
tivity and specificity of 97.3% and 99.3%, respectively. The
testing process and results were interpreted as per the
manufacturer’s instructions.

The remaining serum was temporarily stored at -20 °C.
All samples were transported on dry ice to the Nelson
Mandela African Institution of Science and Technol-
ogy (NM-AIST) lab and stored at -80 °C. The samples
were then shipped on dry ice to the Kilimanjaro Clini-
cal Research Institute (KCRI) for molecular detection
of DENV. A total of 150 human samples were tested for
presence of the DENV genome from March to April
2024.

Detection of DENV by RT-PCR

DENV RNA was isolated using a Direct-zol™ RNA Min-
prep kit (Catalog No. 2053, Zymo Research Corporation,
California, United States), according to the manufac-
turer’s instructions [26]. The quality and quantity were
assessed using a Thermo Scientific Nanodrop Spectro-
photometer. DENV amplification from RNA templates
was performed via conventional one-step reverse tran-
scription polymerase chain reaction (RT-PCR) using the
One Taq® One-step RT-PCR Kit (Catalog No. E5315S),
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following the standard protocol [27]. Primers used for
amplification of DENV were; D1 (5-TCAATATGCTGA
AACGCGCGAGAAACCG-3) and D2 (5-TTGCACC
AACAGTCAATGTCTTCAGGTTC-3’), with 511 base
pairs length [28-31]. The last step involved visualization
of DENV positive samples via gel electrophoresis. The gel
was stained with SYBR Green, which was bound to DNA
and fluoresced under UV light, allowing visualization of
the PCR products. The bands on the gel were visualized
using a Gel documentation imaging system to confirm
the presence of targeted DENV RNA.

Part 2: infection rates of DENV in Aedes aegypti mosquitoes
A community-based approach was used to subsequently
obtain A. aegypti mosquitoes for determining DENV
infection rates in vector populations. Samples were col-
lected from May to July 2023.There is no standardised
formula for obtaining the sample size required for the
entomological survey. For this study, we collected 2,250
female A. aegypti mosquitoes. For the mosquito survey, a
mixture of simple random sampling and convenient sam-
pling techniques was applied, Fig. 2.

The mosquitoes were trapped from the homes of
recruited patients who participated in the survey. Mos-
quitoes were also trapped from randomly selected houses
and other accessible buildings; hotels, restaurants, bars,
schools, hospitals, garages, and warehouses located
within the selected study areas. For this, we first identi-
fied the geographical location of the recruited patients:
Azimio, Mtoni, Keko, Mbagala, and Chamazi. Subse-
quently, comprehensive lists of all sub-wards within
each of these wards were obtained from ward officers.
Then, using a simple random sampling technique, three
sub-wards were selected from each ward. Within each
selected sub-ward, a thorough list of all available houses
was made from the ward administrative leaders. Subse-
quently, five representative houses were chosen for the
mosquito survey using another round of simple random
sampling. Additionally, accessible public places such as
hotels, restaurants, bars, schools, hospitals, garages, and
warehouses within the selected sub-wards were surveyed
using a convenient sampling approach.

Collection of mosquitoes

Three techniques were used to collect adult A. aegypti
mosquitoes: BG sentinel traps, Prokopack aspirator and
rearing collected larvae to adulthood. BG sentinel traps
are an efficient method for collecting live, host-seeking
A. aegypti that can be used for monitoring DENV cir-
culation in vector populations [29]. BG sentinel traps,
were placed on the ground in outdoor locations within
selected houses and other accessible buildings within the
surveyed wards [32]. Mosquitoes were trapped for two
days, spanning twenty-four hours. Every morning, any
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trapped mosquitoes were collected and transported to
the National Institute for Medical Research (NIMR) for
identification and storage.

A prokopack aspirator was used to collect adult mos-
quitoes that were resting in bushes and larger water-
holding containers (car tyres and water storage tanks)
found in the surveyed houses and other accessible build-
ings within the surveyed wards [33]. The aspiration was
carried out twice in the morning and evening hours for
two days.

Immature mosquito (larvae or pupae) stages were col-
lected from artificial and natural Aedes breeding sites.
Artificial water-holding containers ranging from soda
cans to car tyres and water storage tanks form the poten-
tial breeding sites for Aedes mosquitoes [34]. In addition,
natural water-holding containers such as tree holes, leaf
axils, flower bracts and fallen leaves are Aedes breeding
sites [34].

Standard methods for sampling immature mosquitoes
were employed [35, 36]; for smaller containers, larvae
and pupae were collected using a pipette, while for larger
containers, larvae and pupae were collected using dip-
pers. In case the container was too large, a bowl or small
bucket was used to collect the larvae and pupae.

Collected samples of immature stages were placed in
labelled glass vials with loose screw caps and then trans-
ported in cool boxes to NIMR. At NIMR, the immature
mosquitoes were reared to adult mosquitoes in plastic
dishes kept within netted cages at insectary environmen-
tal temperature and relative humidity of 27+2 °C and
75+10%, respectively [35, 36]. The larvae were fed on
Whiskas® cat food biscuits, and emerging adults were fed
with a 10% glucose solution in soaked cotton balls and
placed at the top of the cage [37]. Emerged adult mos-
quitoes were collected from the cages by using a mouth
aspirator and transferred to paper cups covered with
mosquito nets.

Adult mosquitoes resulting from larvae/pupae rearing,
as well as those directly caught by BG sentinel trap and
Prokopack aspirator, were killed by freezing at -20 °C. The
mosquitoes were speciated by morphological features
as described before [38]. Fifteen (15) pools of A. aegypti
female mosquitoes that were collected on the same date,
in the same location and using the same trapping tech-
nique were stored in Eppendorf tubes and labelled with
that information. In addition, a DNA/RNA shields (Cata-
log No. R1100-250, Zymo Research Corporation) was
added to each tube to prevent RNA degradation [39], and
all samples were stored at -80 °C at NIMR lab. The sam-
ples were shipped on dry ice to the NM-AIST lab for per-
manent storage until molecular analysis. Subsequently,
the samples were shipped on dry ice to KCRI for molecu-
lar analysis in March 2024.
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Detection of DENV in the mosquitoes

Like human samples, molecular analysis was done by
conventional RT-PCR as described above. DENV RNA
was isolated using a Direct-zol™ RNA Minprep kit (Cata-
log No. 2053, Zymo Research Corporation, California,
United States), according to the manufacturer’s instruc-
tions [26]. Mosquito samples were initially prepared
following the additional steps specified by the manufac-
turer’s protocol, which involved proteinase K treatment
and bead beating to facilitate cell lysis and RNA release.
These preparatory steps were then followed by the stan-
dard RNA extraction procedures, as provided in the kit’s
protocol [26] .

Statistical analysis

SPSS version 23 (IBM Corp., Armonk, NY, USA) was
used for statistical analyses according to SPSS guidelines
[40]. Continuous variables, including age, number of col-
lected mosquitoes, participant gender, marital status,
occupation, place of residency, and dengue test results
were assessed for normality using Shapiro-Wilk and Kol-
mogorov-Smirnov tests.

Descriptive statistics such as mean and standard devia-
tions (SD) and median and interquartile range (IQR)
were used to summarize participants’ age and mosquito
count. Frequency and proportion were used to summa-
rize participant gender, marital status, and occupation,
place of residency and dengue test results in humans and
mosquitoes.

Chi-square tests were initially used to compare the
outcome variable, which was dengue virus NS1 positiv-
ity, across participants’ socio-demographic characteris-
tics such as age, gender, marital status, occupation and
residency. Then, univariate regression analysis was con-
ducted to assess the magnitude of association of indi-
vidual predictors (independent variables) on the outcome
variable. Finally, multivariate analysis was performed to
account for potential confounders and to identify the
combined effects of multiple variables on the outcome.
For all statistical tests, a p-value<0.05 was considered
significant [40].

Ethical considerations

This study received approval from Tanzania’s Northern
Zone Ethical Clearance Committee (Reference number:
KNCHRECO00061/12/2021) that included informed con-
sent from each research participant aged 18 and above
and for those under the age of 18, consent was obtained
from their parents or guardians. In addition, other
administrative approvals were obtained from relevant
bodies.
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Table 1 Socio-demographic characteristics of participants in
number (%)
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Table 2 Number (%) of NS1 antigen cases across participants
socio-demographic features

Variable Azimio  Chamazi Keko Mbagala Mtoni
Gender

Female 42(16.6%) 75(29.6%) 38(15.0%) 45(17.8%) 53(20.9%)
Male 38(23.5%) 19(11.7%) 43(26.5%) 35(21.6%) 27(16.7%)
Total 80(19.3%) 94(22.7%) 81(19.5%) 80(19.3%) 80(19.3%)
Age (years)

5-20 27(23.3%) 30(25.9%) 26(224%) 11(9.5%) 22(19.0%)
21-40 36(16.7%) 51(23.6%) 45(20.8%) 41(19.0%) 43(19.9%)
41-96 17(20.5%) 13(15.7%) 10(12.0%) 28(33.7%) 15(18.1%)
Total 80(19.3%) 94(22.7%) 81(19.5%) 80(19.3%) 80(19.3%)
Occupation

Business 24(16.7%) 20(13.9%) 25(17.4%) 38(26.4%) 37(25.7%)
Employed 12(21.8%)  5(9.1%) 18(32.7%) 10(18.2%) 10(18.2%)
Farming/ 0(0.0%) 1(11.1%) 1(11.1%) 1(11.1%)  6(66.7%)
fishing

Students 19(18.3%) 26(25.0%) 26(25.0%) 10(9.6%) 23(22.1%)
No 25(24.3%) 42(40.8%) 11(10.7%) 21(20.4%) 4(3.9%)
employment

Total 80(19.3%) 94(22.7%) 81(19.5%) 80(19.3%) 80(19.3%)
Marital

status

Married 40(22.5%) 23(12.9%) 31(17.4%) 39(21.9%) 45(25.3%)
Single 23(15.1%) 45(29.6%) 32(21.1%) 26(17.1%) 26(17.1%)
Widow 111.1%)  0(0.0%) 2(22.2%) 6(66.7%)  0(0.0%)
Students 16(21.1%) 26(34.2%) 16(21.1%) 9(11.8%) 9(11.8%)
Total 80(19.3%) 94(22.7%) 81(19.5%) 80(19.3%) 80(19.3%)
Results

Characteristics of respondents

Of the 415 febrile patients recruited for the study, 61.0%
were females (n=253). The youngest patient was 5
years old while the oldest was 96 years (mean age 29.84,
SD=15.58; median age 27, IQR=17). The distribution of
participants in various age groups is shown in Table 1.

The participants’ occupational backgrounds included,
entrepreneurs, small business owners, self-employed
people (144, 34.7%), employed individuals from public or
private sector (55, 13.3%), farmers (9, 2.2%), primary, sec-
ondary and university students (104, 25.1%), and retired,
and those actively looking for jobs and housewives 24.8%
(103/415).

Marital status varied among the participants: where
nearly half of them were married adults (172, 48.9%), fol-
lowed by single adults (152, 36.6%), and widows (9, 2.2%).
Additionally, 76 participants (18.3%) were children or
students, who were generally ineligible for marriage.

The distribution of participants across different wards
was nearly equal: Chamazi (94, 22.7%), Keko (81, 19.5%),
Azimio (80, 19.3%), Mbagala (80, 19.3%), and Mtoni (80,
19.3%). The distribution of respondent characteristics for
each ward is presented in Table 1.

Variables (+)NS1 () NS1 X2 Df P
antigen antigen value

Gender

Male 38(23.5%)  124(76.5%)

Female 33(13.0%), 220(87.0%)  7.552 1 0.006%

Age (years)

5-20 21(18.1%) 95(81.9%)

21-40 45(20.8%)  171(79.2%)

41-96 5(6.0%) 78(94.0%) 9385 2 0.009*

Occupation

Business 27(18.8%) 117(81.2%)

Employed 11(20.0%) 44(80.0%)

Farming/fishing 2(22.2%) 7(77.8%)

Students 20(19.2%) 84(80.8%)

No employment 11(10.7%) 92(89.3%) 4096 4 0.393

Marital status

Married 31(174%)  147(82.6%)

Single 31(204%)  121(79.6%)

Widow 0(0.0%) 9(100.0%)

Students 9(11.8%) 67(88.2%) 4513 3 02111

Residency

Azimio 19(23.8%) 61(76.2%)

Mtoni 19(23.8%) 61(76.2%)

Keko 19(23.5%) 62(76.5%)

Mbagala 11(13.8%) 69(86.2%)

Chamazi 3(3.2%) 91(96.8%) 20.753 4  0.000*

+ Symbol=positive, - symbol=negative, X*=chi square test value, Df=degree of
freedom, *statistically significant (p-value<0.05)

Prevalence of active dengue infection by NS1 antigen

rapid test

The dengue NS1 antigen was detected in 71 (17.1%)
samples. The analysis of dengue NS1 antigen preva-
lence revealed statistically significant disparities across
two demographic factors. There was a significant dif-
ference in NS1 antigen prevalence between age groups
(p-value 0.009, Table 2). Prevalence of dengue was high-
est among participants aged 21-40 years (45/415, 20.8%),
followed by participants aged 5-20 (21/415, 18.1%).
Individuals aged 41-96 years had the lowest prevalence
(5/415, 6.0%). Based on binary logistic regression, indi-
viduals aged between 21 and 40 years were four times
more likely to be affected than participants aged 41-96
(AOR=4.321, CI=1.622-11.505, p-value=0.003), while
participants aged 5-20 years were three times more
likely to be NS1 positive than those aged 41-96 years
(AOR=3.426,CI=1.201-9.778;  p-value=0.021); see
Table 3.

Place of residency emerged as a significant factor, with
participants from Azimio, Mtoni and Keko wards exhib-
iting higher prevalence (19 cases each, 23.8%), com-
pared to those living in Mbagala 11 (13.8%) and Chamazi
wards, 3 (3.2%), p-value<0.0001, see Table 2. Based on
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Table 3 Predictors of positive NS1 antigen cases among febrile
patients in Dar Es Salaam region (N=415)
Univariate analysis

Multivariate analysis
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Table 4 Number (%) of adult Aedes aegypti mosquitoes
collected by Prokopack aspirator and BG sentinel traps per ward
in Temeke district, Dar Es Salaam

Variable COR[95%CI] P-value AOR[95%CI] P-value Variables  A.aegyptifemale  A.aegyptimale Total
Gender Azimio 92(10.66%) 32(6.95%) 124(9.37%)
Male 2.043[1.220- 0.007* - - Mtoni 338(39.16%) 162(35.21%) 500(37.79%)
3422] Keko 50(5.79%) 42(9.13%) 92(6.95%)
Female 0.150(ref) Mbagala 177(20.50%) 142(30.86%) 319(24.11%)
Age (years) Chamazi 206(23.87%) 82(17.82%) 288(21.76%)
5-20 3448[1.243- 0017* 3426[1.201-  0.021* Total 863(65.23%) 460(34.76%) 1323(100.0%)
9.566] 9.778]
21-40 4.105[1.569-  0.004* 4321[1.622- 0.003*
10.743] 11.505] Prevalence of active dengue infection by RT-PCR
61-96 0.064(ref) 0.008(ref) Due to highlighted resource limitations, the RT-PCR
Occupation testing was conducted on 150 human serum samples (out
Business 1.930[0.910-  0.087 - - of 415 samples) only. Of those, 71 samples tested positive
4.096] for NS1, while 6 samples were positive for IgM/IgG or
Employed 2091[0842- 0112 ) ) IgM +IgG and the remaining 73 comprised of randomly
5.193] . . .
, , selected samples negative by rapid tests. According to
Farming/fishing ~ 2.390[0440- 0313 - - . s
19.967] obtained results, none of the samples tested positive for
Students 1991[0901-  0.089 - - DENV by RT-PCR.
4401]
No employment ~ 0.120(ref) Prevalence of past dengue infection by IgM/IgG antibodies
Marital status rapid test
Married 1.570[0.708-  0.267 - - Out of the 415 febrile patients tested for past dengue
3481] infection using the DENV IgM/IgG rapid test on serum
Single 1.907[0.857- 0114 - - samples, two (0.5%) tested positive for DENV IgM anti-
4.244] bodies. At the same time, an equal number also tested
Widow 0.000[0.000] 0999 ) ) positive for DENV IgG antibodies. Two participants
Stu‘%ems 0134(ref) (0.5%) tested positive for both DENV IgM and IgG anti-
Ref"qency bodies. The sample size was inadequate for an evaluation
Azimio 2;;‘?[22]'6807 00007 2; 23[22]‘557_ 0001 of variation in IgM/IgG test results and socio-demo-
Mtoni 9.448[2680-  0.000* 9.43502651- 0001* graphic factors.
33.312] 33.579]
Keko 0296[2638- 0.001* 782102172=  0.002* Aedes aegypti abundance and distribution
32.761] 28.165] A total of 1,323 adult A. aegypti were collected in Temeke
Mbagala 4836[1.299- 0.019% 5194[1362- 0016* district by Prokopack aspirator and BG sentinel traps.
18.001] 19.792] Of those, 863 (65.23%) were females and the remaining
Chamazi 0.033(ref) 460 (34.76%) were males. The number of mosquitoes col-

*Statistically significant (p-value<0.05), COR=Crude odds ratio, AOR=Adjusted
odds ratio

binary logistic regression, participants residing in Mtoni
and Azimio wards were nine times more likely to be NS1
positive than those living in Chamazi ward (AOR=9.435,
CI=2.651-33.579, p-value=0.001 for Mtoni,
AOR=9.184, CI=2.557-32.992, p-value=0.001 for Azi-
mio). Additionally, residents from Keko ward were seven
times more likely to be NS1 positive compared to those
living in Chamazi ward (AOR=7.821, CI=2.172-28.165,
p-value=0.002). Also, residents of Mbagala ward were
five times more likely to be NS1 positive than residents
of the Chamazi ward (AOR=5.194, CI=1.362-19.792,
p-value=0.016); see Table 3.

lected per ward ranged from 93 to 500, with an average
count of 264 (SD=164.41). A great proportion of these
mosquitoes were collected in Mtoni ward (500, 37.79%),
followed by Mbagala ward (319, 24.11%), then Chamazi
ward (288, 21.76%) and finally Azimio (124, 9.37%) and
Keko (92, 6.95%) wards (Table 4).

An additional 5043 A. aegypti adults were obtained
after rearing larval/pupal stages collected from Aedes
breeding sites. Of those, 2728 (54.09%) were females,
and the remaining 2315 (45.9%) were male. The num-
ber of adult mosquitoes reared from larvae per ward
ranged from 452 to 1760, with an average count of 1008.6
(SD=528.42). The highest percentages were obtained
from Mbagala ward (1,760, 34.89%) and Mtoni ward
(1310, 25.97%), followed by Chamazi ward (880, 17.44%)
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and lastly Azimio (641, 12.71%) and Keko (452, 8.96%)
wards (Table 5).

The larvae and pupae reared to obtain adult A. aegypti
were from various breeding sites. As shown in Table 6, the
most common breeding sites were car tyres 325(68.90%),
followed by discarded metal cans 37 (7.83%), buckets and
water storage tanks 24(5.08%), discarded plastic contain-
ers 21 (4.44%) and car bumpers/mudguard 19 (4.02%).
The remaining proportion consisted of other items such
as motorcycle tyres, helmets, toilet seats, plastic televi-
sion components and shoes.

The number of breeding sites per ward ranged from
28 to 153, with an average count of 94.4 (SD=56.65).
The highest percentages were obtained from Mtoni ward
(153, 32.41%), followed by Chamazi ward (143, 30.29%),
then Mbagala ward (104, 22.03%), and the remaining
were found in Azimio ward (44, 9.32%) and Keko ward
(28, 5.93%), see Table 6. A visual representation of some
of the breeding sites found in the study areas is shown in
Fig. 3.

Proportion of Aedes aegypti pools positive for DENV
RT-PCR was conducted on a total of 2,250 female
A.aegypti, which were divided in 150 pools. Among those,
55(36.66%) pools were created from female A.aegypti col-
lected through the Prokopack aspirator and BG sentinel
trap, and the remaining 95(63.33%) pools were created
from randomly sampled female A.aegypti obtained after
raring larvae and pupa stages. Each pool comprised 15
individual mosquitoes collected at the same location.

The RT-PCR testing confirmed active infection of
DENV in five A.aegypti pools (5/150, 3.3%), and all posi-
tive samples were collected from the Azimio ward. Only
the pools derived from the captured adults tested posi-
tive for the DENV. Table 7 provides a summary of the
number of female A.aegypti mosquito pools tested for
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Table 5 Number (%) of adult Aedes aegypti mosquitoes obtained
from larvae/pupae rearing technique by wards in Temeke district,
Dar Es Salaam

Variables A.aegyptifemale A.aegyptimale Total

Azimio 356(13.04%) 285(12.31%) 641(12.71%)
Mtoni 550(20.16%) 760(32.82%) 1,310(25.97%)
Keko 392(14.36%) 60(2.59%) 452(8.96%)
Mbagala 930(34.09%) 830(35.85%) 1,760(34.89%)
Chamazi 500(18.32%) 380(16.41%) 880(17.44%)
Total 2728(54.09%) 2315(45.90%) 5,043(100.0%)

DENV and proportion of positive pools. Figure 4 pro-
vides a visual representation of gel electrophoresis results
for some of the tested mosquito samples.

Discussion

To the best of our knowledge, this is the first study to
simultaneously investigate DENV transmission in both
human and mosquito vectors collected within the geo-
graphical settings of recruited patients’ households dur-
ing non-outbreak periods in the Dar es Salaam region of
Tanzania. This allows interrogation of human and vector
infections, thus allowing for more robust epidemiologi-
cal evidence of presence or absence of DENV circulation
during non-outbreak periods.

Seventeen per cent (71/415) of the tested human blood
samples were positive by NS1 antigen test, indicating
active dengue infection, even though all human samples
were negative for DENV by RT-PCR. This finding may
be explained by the fact that, the RT-PCR test is more
specific than the NS1 antigen test [41, 42]. We speculate
that, the patients did not seek medical care soon enough
as has been described before [43—-45]. In the context of
dengue fever, 5 days after fever onset, the DENV genome
is often already cleared and becomes undetectable by RT-
PCR [4, 6, 41, 42, 46, 47]. However, the NS1 has a longer

Table 6 Types of water holding containers infested with Aedes Aegypti larvae and pupae by ward in Temeke district, Dar Es Salaam

Variables Azimio Mtoni Keko Mbagala Chamazi Total

Tree holes 0(0.0%) 1(0.65%) 0(0.0%) 0(0.0%) 2(1.39%) 3(0.63%)
Wells 0(0.0%) 2(1.30%) 0(0.0%) 0(0.0%) 0(0.0%) 2(0.42%)
Buckets/ tanks 3(6.81%) 1(0.65%) 0(0.0%) 16(15.38%) 4(2.79%) 24(5.08%)
Flower pots 0(0.0%) 8(5.22%) 0(0.0%) 0(0.0%) 0(0.0%) 8(1.69%)
Metal cans 0(0.0%) 8(5.22%) (25.0%) 0(0.0%) 22(15.38%) 37(7.83%)
Plastic containers 2(4.54%) 4(2.61%) (17.85%) 10(9.61%) 0(0.0%) 21(4.44%)
Plastic bags 0(0.0%) 0(0.0%) 2(7.14%) 6(5.76%) 0(0.0%) 8(1.69%)
Car tires 37(84.09) 124(81.04%) 14(50.0%) 57(54.80%) 93(65.03%) 325(68.9%)
Car bumpers 0(0.0%) 0(0.0%) 0(0.0%) 15(14.42%) 0(0.0%) 19(4.02%)
Motorcycle tires 0(0.0%) 0(0.0%) 0(0.09%) 0(0.0%) 2(1.39%) 2(0.42%)
Helmet 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 3(2.09%) 3(0.63%)
Toilet seats 1(2.27%) 1(0.65%) 0(0.0%) 0(0.0%) 7(4.89%) 9(1.90%)
Television component 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 10(6.99%) 10(2.11%)
Shoes 1(2.27%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 1(0.21%)
Total 44(9.32%) 153(32.41%) 28(5.93%) 104(22.03%) 143(30.29%) 472(100%)
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Fig. 3 Sample breeding sites found in surveyed wards in Temeke district Dar es Salaam, Tanzania

detection window of up to 9 days after fever onset and No studies had previously investigated DENV NS1
individuals who tested negative for the DENV by RT-PCR  antigen during non-outbreak period in Tanzania [17,
may still test positive for the NS1 antigen [4, 6, 41, 42,46, 19, 48-51], making comparison between our findings
47], which might have been the case in our findings. and previous studies difficult. Moreover, we found 17%

(71/415) prevalence of active DENV infections in this
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Table 7 Number of Aedes aegypti mosquito pools tested and
their positivity for dengue virus infection by study sites in Temeke
district, Dar Es Salaam, Tanzania

Variable Pools tested Individuals Positive  Percentage
by PCR pooled by pools of positive
ward pools
Azimio 25 375 5 20.0%
Mtoni 41 615 0 0.0%
Keko 22 330 0 0.0%
Mbagala 30 450 0 0.0%
Chamazi 32 480 0 0.0%
Total 150 2,250 5 3.33%

study, which was higher than the one reported in Tanga
(2.2%,8/362) [17], Manyara (1.54%,1/65) [49] and Zan-
zibar (6.04%,9/149) [51], during non-outbreak periods.
Previous studies investigated active DENV infection only
by polymerase chain reaction techniques. In our study,
no cases were detected by RT-PCR, underscoring its lim-
itations in identifying active dengue infections when viral
RNA levels are low. However, incorporating NS1 antigen
detection enabled us to capture 71 active DENV cases
that would have otherwise gone undetected by RT-PCR.
This approach underscores the importance of including
NS1 test as a complementary diagnostic tool to PCR,
particularly for early and sensitive detection of active
dengue infections [6, 41, 42].

Furthermore, when comparing our findings to stud-
ies from other African countries conducted during non-
outbreak periods, our reported prevalence of NS1 at
17% remains notably higher than prevalence reported
in Mozambique,1.0% (3/305) [52], 2% (2/103) in Kenya
[53], and 6.1% (59/961) in Cameroon [54]. Variability in
DENYV infection across studies may be due to differences
in the timing of data collection, as well as varying levels
of sensitivity and specificity of employed diagnostic tests.

—_—
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Our investigation of DENV in mosquitoes offered
additional evidence supporting circulation of the DENV
within the study area. Our study found 3.3% DENV
infection rates in A.aegypti. Based on the RT-PCR test,
5 A.aegypti pools out of 150 had evidence for active
DENYV infection. The proportion of infected mosquitoes
reported in our study is higher than reported in Dar es
Salaam (0%, 0/51 pools) immediately after 2019 out-
break [55], suggesting resurgence of DENV transmission
among A.aegypti mosquitoes in the area.

Varying DENV infection rates among mosquitoes
have been found across different studies in Kenya (1.3%
(5/386) [56], 2.3% (6/259) in Saudi Arabia [57], 39.13%
(18/46) in India [58], 47.6% (10/21) in Mwanza, Tanza-
nia [30], and 58.54% (24/41) in Nigeria [59]. A combi-
nation of factors, including competent vector species
diversity and varied risk factors for dengue endemicity in
the study areas could influence the infection rates across
these studies. For example, in our study, we investigated
DENYV infection rates in one Aedes species, specifically
A. aegypti. In contrast, previous studies that reported
higher DENV infection rates in mosquitoes during non-
outbreak periods tested multiple Aedes species and iden-
tified presence of multiple competent vectors: A. aegypti,
and Aedes africanus (A. africanus) in Mbeya, Tanzania
[30], A. aegypti and Aedes albopictus (A. albopictus) in
India [58], A. aegypti, A. albopictus, and Aedes galloisi (A.
galloisi) in Nigeria [59].

The highest number of dengue cases ever across the
globe was recorded in the year 2023 but no cases were
reported from Tanzania [8]. Our findings suggest that,
the DENV circulation in Dar es Salaam in 2023 went
unrecognized/ or clinically misdiagnosed for malaria due
to inadequate testing capacity and infrastructure for den-
gue surveillance in health facilities [8, 10, 60]. Prediction

R

P8 P9 P10 P11 P12 NC PC L

Fig. 4 Agarose gel image of RT-PCR test results in female Aedes aegypti mosquitoes. L is Quick-Load 1 kb DNA Ladder (NEB N0468S), P1-12 is representa-
tive of tested mosquitos’ pools, NC is a negative control, and PC is a positive control. The expected band size was 511 base pairs
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models published in 2016 [15] and 2020 [61] alerted to
the potential for widespread and maintained DENV
transmission in Tanzania due to climate change. Unfor-
tunately, dengue remains a neglected issue in the country,
leading to underreporting and misdiagnosis of patients as
having malaria, other parasitic or bacterial infections [62,
63].

The finding of positive DENV cases in both human and
mosquito samples collected within the same geographi-
cal settings indicates local DENV transmission within the
studied Temeke district. These findings underscore the
need for targeted vector control measures, such as larvae
source reduction, and education efforts for raising aware-
ness on the risk of DENV infection circulation in Dar es
Salaam.

Higher risk for DENV infection was found among
the younger population aged between 5 and 40 years of
age compared to older individuals aged between 41 and
96. This finding may possibly imply that, Dar es Salaam
region may have had a long history of dengue which
allowed adult individuals to acquire age hood DENV
immunity following multiple encounters with DENV.
Prevalence of anti-dengue IgG antibodies in the Dar es
Salaam region was approximately 43.8% (103/235) for the
Kinondoni [64] district and 43.5% (44/101,43.5%) for the
Temeke district [19]. Moreover, urban areas such as Azi-
mio, Keko, Mtoni and Mbagala wards presented higher
risk for dengue infection in this current study, compared
to Chamazi ward, which is a semi-urban area. Similar
results were reported in Zanzibar, where participants
residing in urban areas were four times more likely to be
exposed to the vector Aedes mosquito bites, and hence
higher DENV infection than those living in the rural
areas [50]. Aedes mosquitoes are highly adapted to urban
man-made environments that provide abundant breeding
sites, dense human populations, and heightened human
interactions driven by economic activities.

Conclusion

In conclusion, our study provides evidence of established
local DENV infections in humans during non-outbreak
periods in Dar es Salaam, whereas previous studies
reported dengue fever during outbreaks periods. The
study has simultaneously shown evidence of DENV cir-
culation in the Aedes vector. These findings underscore
the importance of including routine dengue fever screen-
ing as part of DENV infection surveillance even during
non-outbreak periods. The main limitation of this study
resides in two aspects. First, due to budget limitations, we
could not progress to identify specific dengue serotypes
that were circulating in Temeke. The second limitation
was the time gap between sample collection (both human
and mosquitoes) and analysis to determine the dengue
viral genome by RT-PCR. The samples were collected
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from May-July, 2023 and analyzed between March-April,
2024. This may have led to dengue RNA degradation.
Despite these limitations, this study is the first to report
on active DENV circulation during non-outbreak periods
in Dar es Salaam. Our data showed presence of DENV in
the humans and vectors during non-epidemic periods,
making it valuable in planning and implementing effec-
tive DENV control measures.

Abbreviations

AOR Adjusted odds ratio
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