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HABITAT CHARACTERISTICS FOR IMMATURE STAGES OF AEDES AEGYPTI IN
ZANZIBAR CITY, TANZANIA

FATMA SALEH,' JOVIN KITAU,”> FLEMMING KONRADSEN,> MICHAEL ALIFRANGIS,* CHIA-HSIEN LIN,’

SALIM JUMA,®> SALUM SEIF MCHENGA,® THABIT SAADATY' axp KARIN LINDA SCHI@LER®

ABSTRACT. Aedes aegypti is the main vector for dengue, chikungunya, yellow fever, Zika, and other
arboviruses of public health importance. The presence of Ae. aegypti has never been systematically assessed in
Zanzibar, including its preferred larval habitats. In 2016 we conducted a cross-sectional entomological survey to
describe the preferred larval habitats of Ae. aegypti in Zanzibar City, the main urban area of the Zanzibar
archipelago. The surveys for container habitats were conducted for a 17-wk period beginning in January 2016.
Immature stages (larvae and pupae) were collected, reared to adulthood, and identified to species. The positive and
potential habitats were categorized on the basis of physical, biological, and chemical parameters. A total of 200
samples were collected, of which 124 (62.0%) were positive for immature stages of mosquitoes and 114 (92%) for
Ae. aegypti larvae and pupae. Presence of vegetation (odds ratio [OR] =2.11, 95% confidence interval [CI] =1.19—
3.74), organic matter (OR =2.37, 95% CI =1.21-4.60), inorganic matter (OR = 1.78, 95% CI=1.01-3.13), and sun
exposure (OR =2.34, 95% CI=1.24-4.36) were all significantly associated with the presence of immature stages of
Ae. aegypti, suggesting that these conditions promote colonization of containers. Plastic containers supported 64%
of the immature stages and produced approximately 50% of the pupae. Although immature counts were the highest
in discarded artifacts, higher pupal counts were found in domestic water storage containers. Our observations
suggest that effective control of Ae. aegypti in Zanzibar City must include improved solid waste management
(collection and proper disposal of potential container habitats) and reliable supply of domestic water to minimize

water-storing practices that provide larval habitats for Ae. aegypti.

KEY WORDS Aedes aegypti, habitat characteristics, Tanzania, Zanzibar

INTRODUCTION

In sub-Saharan Africa, Aedes (Stegomyia) aegypti
(L.) is the main vector for dengue, chikungunya, and
urban yellow fever viruses (Harbach 2013). Several
dengue and chikungunya outbreaks have been
reported in this region in recent decades (Pastorino
et al. 2004, Ratsitorahina et al. 2008, Leroy et al.
2009, Amarasinghe et al. 2011). In Tanzania, dengue
outbreaks have been reported in 2010, 2012, 2013,
and 2014, of which the latter two were major
outbreaks with epicenters in the Dar es Salaam
region (Mboera et al. 2016). In 2014 alone, there
were >2,000 reported cases and 4 deaths (WHO
2014). To date, there has been no reported dengue
outbreak in Zanzibar; however, a study conducted at
the main hospital, of Mnazi Mmoja, in 2013, found
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that almost 7% (10/149) of nonmalaria febrile
patients attending the outpatient clinic were infected
with dengue virus (Ali, unpublished data). Further-
more, dengue immunoglobulin G antibodies were
detected in 50.6% of 500 healthy blood donors at
Zanzibar National Blood Transfusion Services in
2011 (Vairo et al. 2014). These findings suggest that
dengue transmission is endemic in Zanzibar and that
symptomatic dengue cases may be misdiagnosed and
incorrectly treated as malaria or other febrile
illnesses as also suggested in other African settings
(Amarasinghe et al. 2011).

A hospital-based study, in the northern part of
mainland Tanzania in 2012, identified acute chikun-
gunya virus (CHIKV) infection in 7.9% (55/700) of
febrile inpatients, mostly infants and children. In
addition, a community-based study completed in
2014, in northeastern Tanzania, reported acute
CHIKYV infection and presence of CHIKV immuno-
globulin M antibodies in 4.2% (11/263) and 12.9%
(49/381) of febrile participants, respectively (Kaje-
guka et al. 2016). These studies suggest that CHIKV
is an important but unrecognized cause of febrile
illness in the country (Hertz et al. 2012). However, to
date there have been no reported studies on
chikungunya or official reports of CHIKV infection
in Zanzibar.

Yellow fever is not endemic in Tanzania (WHO
2017a), yet the recent outbreaks in neighboring
countries, Uganda and Democratic Republic of
Congo (WHO 2017b), have raised concerns that
future outbreaks could expand into Tanzania. The
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risk is considered to be high given substantial
regional travels, a largely nonimmunized human
population, and the abundance of Ae. aegypti in
Tanzania (Ellis and Barrett 2008, Mboera et al.
2016).

Until recently, information on Aedes mosquito
ecology in Tanzania was limited to habitat identifi-
cation surveys carried out in several areas of Dar es
Salaam city in the early 1970s (Trpis 1972, 1973;
Rao et al. 1973). At the time Ae. aegypti was found in
artificial containers, in particular in discarded
artifacts (tin cans, broken bottles, mud pots),
automobile parts (car tires, motor parts), and indoor
water containers (metal tanks, drums, barrels, and
water pots), but also in natural habitats such as
coconut shells, coral rock holes, snail shells, and tree
holes (Trpis 1972, 1973; Rao et al. 1973). More
recently, used tires were reported as the most
important larval habitats for de. aegypti in Dar es
Salaam, followed by domestic water storage con-
tainers and natural habitats (Philbert and Ijumba
2013, Mathias et al. 2017). Likewise, Mboera and
colleagues discovered that used tires, discarded
plastic containers, and flowerpots were the most
important larval habitats for de. aegypti in Dar es
Salaam (Mboera et al. 2016).

While there is recent, though limited, literature on
Ae. aegypti larval habitats in Tanzania mainland,
only 1 entomological survey has been conducted in
Zanzibar. This unpublished study by Zanzibar
Malaria Elimination Program (ZAMEP) was con-
ducted in rural areas of Unguja Island in 2014 and
confirmed the existence of Aedes mosquitoes on the
island (ZAMEP, unpublished data). However, the
survey did not identify the species or the habitat
characteristics, nor did it investigate for Aedes sp. in
the urban areas of Zanzibar.

Current vector control activities in Zanzibar focus
on malaria vectors only, and are largely limited to
indoor residual spraying and distribution of long-
lasting insecticide-treated nets (LLINs). Both meth-
ods are hampered by the development of insecticide
resistance (Haji et al. 2013), while evidence of
LLINs’ effect against Ae. aegypti is limited. Thus, in
order to prevent dengue and other Ae. aegypti—
transmitted diseases, it is important to identify the
most productive 4e. aegypti larval habitats and target
these to reduce adult vector abundance. The aim of
this study was to identify the preferred larval habitats
of Ae. aegypti in Zanzibar City.

MATERIALS AND METHODS
Study sites

This study was conducted on the tropical island of
Unguja, in the Tanzanian archipelago of Zanzibar off
the coast of East Africa. Zanzibar archipelago
comprises Unguja and Pemba islands. During the
study period (January—June 2016), Unguja experi-
enced minimum and maximum average temperatures

of 25.1°C and 32.5°C, respectively. The mean
relative humidity was between 61% and 92% with
total rainfall of 995.8 mm (Tanzania Meteorological
Agency, unpublished data).

The study was carried out in the Shehias of
Malindi and Kikwajuni located in Zanzibar City
along the western coast of Unguja Island, Zanzibar.
The city has a total of 45 Shehias. Shehia is the
lowest government administrative unit that demar-
cates the district, and the leader of this unit is called
Sheha. The sites were purposely selected to represent
the different urban characteristics of Zanzibar City.
Malindi is situated at the heart of Stone Town
(6°09'32.6”S, 39°11'36.8"E) (Fig. 1) and has a
population of 3,204 (The United Republic of
Tanzania 2013). Stone Town constitutes the histor-
ical core of Zanzibar City and is the main urban and
commercial center of the archipelago. Stone Town
was declared a World Heritage Site by the United
Nations Educational, Scientific and Cultural Organi-
zation in 2000 due to its unique 19th-century
townscape. Houses in Stone Town are mainly large
blocks made of concrete, stones, or timber, and there
are a high number of tourist hotels, public buildings
(mosques, hospitals, schools, markets), and commer-
cially operated compounds (restaurants, shops, ga-
rages) within the city limits. Kikwajuni consists of 2
subareas, namely upper and lower Kikwajuni. It is
located at the southern border of Stone Town
(6°10703.8”S, 39°11’42.1"E) and has a population
of 4,665 inhabitants (The United Republic of
Tanzania 2013) (Fig. 1). It is a planned residential
area with townhouses and a few blocks made of
concrete and stones, and there are a number of
gardens and open parks. There are also a large
number of trees in and around its perimeters. Both
areas (Malindi and Kikwajuni) are poorly serviced in
terms of water supply coverage and solid waste
collection.

Sampling procedures

A cross-sectional, entomological survey to identify
and characterize habitats of immature Ae. aegypti
was conducted from January to the 1st week of June
2016. The immature samples were collected weekly
over a period of 17 wk during dry (January—February
2016) and wet (April to 1st week of June 2016)
seasons. The research team carefully screened the
study area for potential habitats, including indoor and
outdoor spaces of residential, public (e.g., mosques
and parks), and commercial entities (e.g., guest
houses, hotels, garages, and markets). Potential
habitats were defined as any uncovered or incom-
pletely covered water container of all sizes likely to
hold stagnant water for >3 days (Nyamah et al.
2010). Once identified, water containers were
examined for the presence of immature stages and
the water then examined for gross physical and
biological features, as well as chemical parameters as
described below. A water container containing at
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least 1 larva or pupa was considered positive.
Productivity denoted the abundance of pupae in a
given type of habitat (WHO 2011).

Collection of immature stages

The immature stages were collected by standard
dipping (300-ml dipper) method for water containers
with wide openings holding >1 liter of water, and
pipetting (5-ml plastic pipette) was used for smaller
containers such as coconut shells, tree holes,
discarded tins, and tires (Mboera et al. 2016).
Movable or manageably sized containers positive
for immature stages were emptied and left over-
turned; in the case of functional containers, permis-
sion was obtained from the owner/occupier of the
given premises. For each positive habitat (artificial
and natural), samples of immature stages were
collected, placed in labeled glass vials with loose
screw caps, then transported in cool boxes to the
laboratory at the State University of Zanzibar.

Rearing and species identification

At the laboratory, the collected immature mosqui-
toes were counted and placed in plastic petri dishes

T T
520800 -~ 521200

A map showing study areas within Zanzibar City.

filled with daily-refreshed water and kept in netted
cages according to their respective sample identifi-
cation for rearing and species identification. On
emergence, adult mosquitoes were fed with 10%
glucose solution soaked in cotton balls that were
plugged on a 30-ml vial placed in each cage and
changed daily as previously described (Imam et al.
2014). About 75% of the reared immature mosqui-
toes sampled in the field emerged as adults. The
adults were aspirated from cages using standard
mouth aspirator and transferred to paper cups
covered with mosquito nets, killed by freezing, and
then sorted into genera. Aedes aegypti adults were
identified using a dissecting microscope and the
morphological identification key by Rueda (2004),
and the mosquito identification guide by University
of Florida Medical Entomology Laboratory (date
unknown). All identified mosquito genera and Ae.
aegypti from each positive habitat were counted and
recorded.

Characterization of larval habitats

The larval habitats were categorized by location,
function, material, water volume, and environment.
The location was divided into indoor and outdoor
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spaces. Indoor space was defined as any part of the
house or building covered by a roof (intradomestic
space) (WHO 2011), including the main house and
other buildings within the surrounding compound.
Outdoor habitats were defined as containers located
in open areas such as housing yard or peri-domestic
area, pedestrian streets, roads, unmanaged spaces,
and public spaces including parks and playgrounds.
The function was divided into 3 categories:

a) Discarded artifacts (e.g., tires, car parts, tins, cans,
bottles, broken pots, cups, buckets, and similar
containers).

b) Water containers for domestic purposes (e.g.,
drums, buckets, basins, tanks made of plastic,
metal, or cement) such as basic household
functions, pets drinking/bathing, chicken/ducks
drinking, and drains.

¢) Other water containers including natural habitats
(e.g., coconut shells, tree holes, and puddles),
ornamental containers such as flowerpots and
vases, and water containers for gardening and
construction purposes.

The materials were classified into 5 categories,
namely plastic, ceramic and cement, metal, rubber
(tire), and natural habitats. The water volume was
divided into low (<5 liter), medium (5-20 liter), and
high (>20 liter) volumes. The environment was
categorized into housing compound (the area within
buildings and surrounding compound), unmanaged
public spaces (e.g., pedestrian streets/roads and other
open spaces with no specific ownership), and
managed public spaces (e.g., parks and playgrounds).

Measurement of water quality

The physical, biological, and chemical character-
istics of the larval habitats were examined on-site at
the time of entomological survey. The physical
parameters included visually observed light condi-
tions (duration of sun exposure per day as either less
or more than 50% exposed), organic or inorganic
mater (presence or absence), water temperature, and
turbidity. The biological parameters included mac-
rofauna (presence or absence), and vegetation in the
form of algae, floating or submerged plants, short or
tall plants in and around habitats (presence or
absence). The chemical parameters comprised pH,
salinity, conductivity, dissolved oxygen, and total
hardness. The chemical parameters (except for total
hardness) and temperature were measured using the
HACH HQ40d portable multiparameter checker with
respective probes according to the general instruc-
tions of the manufacturer (HACH Company, Love-
land, CO). Turbidity and total hardness were
measured using HACH 2100Q portable turbidity
meter (HACH Company) and HACH total hardness
test kit Model HA-71A (HACH Company), respec-
tively.

Data analysis

Statistical analyses were conducted for presence
and abundance of immature stages. Relationships
between the presence of immature Ae. aegypti and
season, location, environment, vegetation, macrofau-
na, sun exposure, and water content were estimated
using odds ratios (ORs) with 95% confidence
intervals (CIs). To test for equality of mean number
of immature stages among materials, functions, and
water volume levels, 1-way analysis of variance
(ANOVA) was applied. Where significant associa-
tions were observed, the Games-Howell post hoc test
was applied to determine the means that were
significantly different from each other. Student’s #-
test (for normal distribution) and Mann—Whitney U-
test (for nonnormal distribution) were used to
compare the physico-chemical variables (tempera-
ture, pH, turbidity, total hardness, salinity, conduc-
tivity, and dissolved oxygen) between positive and
negative water receptacles. Data were analyzed using
SPSS 15.0 for Windows Evaluation Version (SPSS,
Cary, NC) using a significance level of 0.05.

Ethical considerations

The study protocol was approved by the Research
Committee of the State University of Zanzibar by the
letter dated January 11, 2016, with reference number
SUZA/RPC/RP/3. Permission to carry out the study
was sought from community leaders, and informed
consent was verbally sought from the heads of
households before entrance for inspection.

RESULTS

A total of 200 samples of water containers were
identified in the 2 study sites. Given the relatively
low number of samples and as there were no major
differences in sample distribution (Malindi = 94 and
Kikwajuni = 106), location, and type of habitats in
the 2 sites, the results are based on pooled analysis of
samples.

Number of water containers by function and type
of materials

Of the 200 containers, 80 (40%) constituted
containers for domestic use, 74 (37%) were discarded
artifacts, and 46 (23%) were other kinds of habitats
(natural habitats, ornamental containers, gardening,
and construction site containers). In terms of
materials, 109 (54.5%) were made of plastic, 32
(16%) ceramic/cement, 25 (12.5%) metal, 23
(11.5%) rubber (tires), and 11 (5.5%) were natural
habitats.

Aedes aegypti—positive containers by function of
container and type of material

In total, 114 of 200 (57.0%) samples were positive
for immature stages of Ae. aegypti. Of the 114
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positive samples, 51 (44.7%), 44 (38.6%), and 19
(16.7%) were discarded artifacts, domestic water
containers, and ‘“others,” respectively. Almost all
houses visited had 1 or more types of water storage
container. The most common ones included plastic
containers, metal tanks/buckets, and concrete
troughs. As for materials, 62 out of 114 positive
samples (54.8%) were plastic, 17 (14.9%) were
ceramic/cement, 15 (13.0%) were metal, 15 (13.0%)
were rubber (tires), and 5 (4.3%) were natural
habitats.

Types of mosquitoes collected

Of the 200 samples, 124 (62.0%) were positive for
immature mosquitoes. Of these, 90 (72.6%) samples
had Aedes sp. only, 10 (8.1%) samples had Culex
only, while Aedes sp. and Culex sp. coexisted in 24
(19.4%) samples. In total, 114 (92%) of the positive
habitats contained immature stages of Ae. aegypti.
Notably, large numbers of Culex sp. and Ae. aegypti
immature stages were found cohabiting in 1 large
underground water trough (>1,000 liters) at a
construction site. This sample was identified as an
extreme outlier and was excluded from the immature
count. The included positive samples (N = 113)
consisted of 4,733 immature mosquitoes, including
4,204 (88.8%) Aedes sp. and 529 (11.2%) Culex sp.
Of the 4,204 immature 4edes sp. collected, 674 were
pupae. In addition, uncountable numbers of immature
Culex sp. were found in manholes and septic tanks.
However, immature Culex sp. were not further
investigated in this study. Furthermore, this study
did not find any immature stages of Ae. albopictus

Distribution and abundance of Aedes aegypti immature stages and pupae by function of water container.

(Skuse) or Anopheles sp. This paper focused only on
Ae. aegypti.

Aedes aegypti immature counts by container
function and type of material

Of the total 4,204 Aedes immature stages, 50.6%
were identified in discarded artifacts, 37.6% in
domestic water receptacles, and 11.8% in “others.”
However, for the 674 pupae specifically, a different
distribution was observed, as 53.9%, 26.9%, and
19.3% were identified in domestic water receptacles,
discarded artifacts, and “others,” respectively (Fig.
2). The total immature stages for the materials were
as follows: 64.0% were found in plastic, 11.5% in
ceramic/cement, 11.2% in metal, 11.2% in rubber
(tires), and 2.1% in natural habitats. The pupae
counts were 48.4% in plastic containers, 24.5% in
metal containers, 18.8% in ceramic/cement contain-
ers, 5.8% in rubber (tires), and 2.5% in natural
habitats (Fig. 3).

Associations between immature stages and
container function, material, and water volume

The ANOVA test showed a statistically significant
difference (P < 0.05) in mean numbers of immature
Ae. aegypti among the 3 functions (F = 4.34, P =
0.015) and among the 3 water volume categories (F =
5.20, P=0.008). Games-Howell post hoc test further
indicated that the mean number of immature Ae.
aegypti obtained from discarded artifacts (mean =
26.60, SD = 36.35) was significantly higher than the
category “others” (mean = 11.02, SD = 20.46) while
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the mean number of immature Ae. aegypti in low-
volume (<5 liter) was significantly lower than the
medium-volume (520 liter), with mean = 14.94 (SD
= 22.87) and mean = 44.12 (SD = 57.81),
respectively. There was statistically no significant
difference between the observed means for the 5
container material types.

Associations between Ae. aegypti—positive samples
and season, location, biological, and physico-
chemical parameters

Almost twice as many samples were observed in
the wet season (N = 133; 80 positive, 53 negative) as
compared to the dry season (N = 67; 34 positive, 33
negative) (Table 1). However, the odds of positive
samples were not significantly different between
seasons (OR = 1.47, 95% CI =0.81-2.64). The same
pattern was observed for location, where the number
of samples collected outdoors (N = 131; 73 positive,
58 negative) were higher than those collected indoors
(N = 69; 41 positive, 28 negative), yet the odds of
finding positive samples did not differ significantly
between the 2 locations (OR =1.16, 95% CI = 0.64—
2.10).

Of the 8 physical and biological parameters
examined (Table 1) for the presence or absence of
immature Ae. aegypti, 4 were statistically significant,
including vegetation (OR = 2.11, 95% CI = 1.19—
3.75), <50% sunlight exposure per day (OR = 2.34,

95% CI = 1.24-4.36), organic content (OR = 2.37,
95% CI = 1.204.60), and inorganic content (OR =
1.78,95% CI=1.01-3.13) (Table 1). Of the physico-
chemical parameters (temperature, turbidity, pH,
salinity, conductivity, dissolved oxygen, and total
hardness) tested for 92.0% of the samples, there were
no significant differences, in terms of mean or
median measures for the 7 parameters, between
positive and negative water receptacles. However,
temperature (°C) (t = 1.76, P = 0.080) and salinity
(parts per thousand [ppt]) (U-value = 3,454.00, P =
0.060) were considered to be borderline statistically
significant (Fig. 4).

DISCUSSION

We report here on the abundance, and preferred
habitats of Ae. aegypti in the city of Zanzibar. To the
best of our knowledge, this is the 1st systematic study
of the presence of Ae. aegypti in the archipelago.
Similar studies in Dar es Salaam region have recently
demonstrated the presence of Ae. aegypti in urban
areas of Tanzania (Philbert and [jumba 2013, Mboera
et al. 2016). The occurrence of Ae. aegypti in these
areas was attributed to the existence of a large variety
of water-holding appliances favorable to container-
inhabiting mosquitoes. In this study, we identified
most habitats of immature Ae. aegypti as manmade,
with only a few natural habitats observed. Among the
most commonly observed habitats were plastic
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Fig. 4. Differences between water containers positive or negative for immature Aedes aegypti in terms of physico-
chemical parameters (#-test for mean comparisons and Mann—Whitney U-test for median comparisons).

containers of different makes and sizes, metal tanks/
buckets, used tires, tin cans, water bowls for pets,
ablution tanks, and flowerpots.

Poor solid waste management coupled with
littering practices accounted for the majority of
outdoor habitats for immature Ae. aegypti. Almost
all houses visited had 1 or more types of water
storage devices with or without covers. The most
common storage appliances included plastic jerry
cans and buckets (5-20 liter), plastic drums and
metal tanks (50-200 liter), elevated tanks (1,000—
5,000 liter), and concrete tanks/troughs (>1,000
liter). According to the Zanzibar Water Authority
(ZAWA), water supply coverage in Malindi and
Kikwajuni areas is low and unreliable, with only

about 40% of residents in Kikwajuni and 50% in
Malindi having access to water supply (ZAWA
officer, personal communication). Thus, the constant
water supply shortages compel residents to store
water in their households for a considerable duration
of time, thereby creating Ae. aegypti habitats.

In this study, we found domestic water receptacles
to be of similar importance to that of discarded
artifacts in terms of breeding preference by Ae.
aegypti. However, in terms of productivity, domestic
water appliances were more productive than discard-
ed artifacts and materials considered as “others.”
Although total immature counts (larvae and pupae)
were the highest in discarded artifacts, higher pupal
counts were found in domestic water storage



SEPTEMBER 2018

AEDES AEGYPTI ABUNDANCE IN ZANZIBAR CITY

197

Table 1. Number of water containers positive or negative for immature Aedes aegypti by physical and biological
parameters.
n (%)
Parameter Category Positive Negative Total OR 95% CI
Season Wet 80 (60.2) 53 (39.8) 133 1.47 (0.81, 2.64)
Dry 34 (50.7) 33 (49.3) 67
Location Indoor 41 (59.4) 28 (40.6) 69 1.16 (0.64, 2.10)
Outdoor 73 (55.7) 58 (44.3) 131
Environment Housing compound 60 (57.7) 44 (42.3) 104 1.14 (0.55, 2.31)
Unmanaged public spaces 30 (57.7) 22 (42.3) 52 1.14 (0.50, 2.55)
Managed public spaces 24 (54.5) 20 (45.5) 44 1.00°
Vegetation Yes 75 (64.7) 41 (35.3) 116 2.11% (1.19, 3.74)
No 39 (46.4) 45 (53.6) 84
Fauna Yes 13 (59.1) 09 (40.9) 22 1.1 (0.44, 2.70)
No 101 (56.7) 77 (43.3) 178
Sun exposure” <50% 90 (62.9) 53 (37.1) 143 2.34% (1.24, 4.36)
>50% 24 (42.1) 33 (57.9) 57
Water content
Inorganic matter Yes 68 (63.6) 39 (36.4) 107 1.78%* (1.01, 3.13)
No 46 (49.5) 47 (50.5) 93
Organic matter Yes 40 (71.4) 16 (28.6) 56 2.37* (1.21, 4.60)
No 74 (51.4) 70 (48.6) 144

! OR, odds ratio; CI, confidence interval.

2 Managed public spaces used as reference (OR = 1).
3 Duration (%) of direct sun exposure per day.

* Statistically significant at the 0.05 level.

containers. This may be due to the fact that domestic
water storage is more stable and longer in duration
compared to discarded artifacts. This finding is
somewhat different to what was reported in Dar es
Salaam, where household water storage containers
were considered of secondary importance to discard-
ed containers and tires (Philbert and Ijumba 2013,
Mboera et al. 2016). Similarly, a study in rural
Vietnam found a positive correlation between the
numbers of household water storage containers and
the prevalence and abundance of Ae. aegypti
immature stages where domestic water containers
accounted for >90% of all late instars (III/IV) and
pupae (Nguyen et al. 2011).

With respect to materials, plastic containers were
the predominant choice of both larvae and pupae,
followed by metal containers, containers made of
ceramic or cement, rubber (tires), and natural
habitats. Similar findings were reported in Dar es
Salaam especially in terms of plastic containers
(Mboera et al. 2016). The observed importance of
plastic materials—inhabiting 4edes mosquitoes is also
supported by a study in Kolkata, India, where plastic
containers were reported as the most productive
habitats for Aedes sp. (Banerjee et al. 2013). The
reason for this finding is unclear. A laboratory study,
by Alvarado-Moreno et al. (2013), evaluated the
efficiency of 5 different types of plastic films (vinyl,
high- and low-density polyethylene, cellophane, and
polyvinyl chloride) for adhesion and hatching of Ae.
aegypti eggs. The study found that vinyl and low-
density polyethylene resulted in 90% or more
ovicidal activity, thus concluding that ovitraps using
these types of plastics could reduce abundance of Ae.

aegypti (Alvarado-Moreno et al. 2013). Our study did
not consider the type of plastics. There may be
certain physical characteristics that make plastic
containers either favorable or inhibitory to Ae.
aegypti breeding. More studies are needed to
investigate the importance and mechanism of differ-
ent types of plastics in reduction or propagation of
Ae. aegypti.

Low-volume (<5 liter) containers were found to
be the most common breeding habitats for Ae.
aegypti. However, the medium-sized containers (5—
20 liter) had higher number of immature mosquitoes
in comparison to other water volume levels—as
supported by previous findings (Mboera et al. 2016).
Contrary to other studies in Tanzania (Trpis 1972,
Philbert and Ijumba 2013, Mboera et al. 2016,
Mathias et al. 2017), tires did not appear to be the
most important source of Ae. aegypti in the present
study, with only 5.8% and 11.2% of total pupae and
total immature counts, respectively. This might be
attributed to the low number of tires (only 11.5% of
all water receptacles) encountered during the study,
which aligns with the findings from India (Banerjee
et al. 2013). Likewise, natural habitats appeared to be
the least important source of Ae. aegypti in this study,
which might be due to the fact that natural habitats
constituted a smallest part of the sampling because of
the urban nature of the study sites.

Among the 8 explanatory variables examined in
this study, we found vegetation, sun exposure,
organic matter, and inorganic matter to be signif-
icantly associated with the presence of immature Ae.
aegypti. Notably, the presence of vegetation (algae,
short grasses, tall plants) in and around habitats



198

JOURNAL OF THE AMERICAN MosQuITO CONTROL ASSOCIATION

VoL. 34, No. 3

increased the risk of immature Aedes mosquitoes.
This observation supports earlier reports of associa-
tion between presence of immature Ae. aegypti and
the amount of vegetation in the surrounding area as
vegetation cover attracts oviposition and provides
nutrients and shade needed for development and
survival of immature mosquitoes (Philbert and
Tjumba 2013).

In addition, we found that receptacles exposed to
sunlight <50% of a day and those containing organic
matter were more likely to be positive for immature
mosquitoes. This finding is in line with the study in
Sri Lanka in which vegetation and light exposure
were shown to be important determinants of breeding
success even for other types of mosquitoes (Piyaratne
et al. 2005). Although the association was weak, we
did observe that habitats with inorganic materials
(e.g., sand and suspended plastic bags) were more
likely to harbor Ae. aegypti immature stages than
those holding clean water. This could be due to
increased availability of nutrition in the form of
microscopic organic substances that adhere to the
surface of these inorganic materials. It should be
noted that, due to the low numbers of pupae,
statistical analyses were performed for total imma-
ture stages rather than for pupae and larvae
separately. In a sufficiently large study, it would be
important to stratify the analysis for different
immature stages as they portray productivity and
risk differently.

It is worth noting that, in this study, we found
unusually large numbers (>1,000) of immature Ae.
aegypti (and Culex sp.) in a single water container in
the form of an underground water trough at a
construction site. The trough was made of concrete,
had a high vegetation level, and was fully shaded.
The construction sector has long been recognized for
creating potential breeding habitats for de. aegypti
(Teng and Singh 2001, Chang et al. 2011). In
Zanzibar, urban construction activities are wide-
spread and usually uncontrolled and unregulated.
Based on our finding and in the absence of regular
entomological surveillance, it is suggested that the
construction sector may contribute substantially to
Ae. aegypti production in Zanzibar, enhancing the
risk of arboviral disease transmission. Given that
ground/underground concrete water tanks are com-
mon at household level in Zanzibar City, there is also
a need for larger studies to ascertain their relative
importance in terms of Ae. aegypti production, in
order to deduce appropriate vector surveillance and
source reduction strategies.

Notably, this study did not find any significant
association between the presence of immature Ae.
aegypti and any of the following parameters: season
(wet/dry), location (indoor/outdoor), environment
(housing compound/public spaces), or fauna (pres-
ence/absence of other aquatic fauna). This was the
same for the 7 physico-chemical parameters, namely
pH, turbidity, total hardness, conductivity, dissolved
oxygen, temperature, and salinity, although the latter

2 displayed a borderline significant association with
immature stages. To the best of our knowledge, there
are no other published reports on physico-chemical
parameters of Ae. aegypti breeding habitats in
Tanzania. However, studies on other mosquito
species, conducted elsewhere, have found significant
associations between breeding and certain physico-
chemical parameters. For instance, a study in Egypt
found that temperature, pH, dissolved oxygen, and
nitrite were directly related to the densities of Cx.
pipiens (L.) and Cx. perexiguus Theobald, whereas
salinity and turbidity were indirectly related (Kenawy
and Ammar 2013). Likewise, a study in Sri Lanka
revealed that the abundance of some Anopheles spp.
was positively associated with temperature and pH
(Piyaratne et al. 2005). Further, sufficiently large
studies are needed to clarify the true influence of
physico-chemical parameters on mosquito breeding
and development in Zanzibar and mainland Tanza-
nia.

A clear limitation of this study was the fact that the
screening for potential habitats did not include all
floors in multistory houses or the elevated spaces,
omitting, for example, gutters and roofs. Further-
more, we did not obtain permission to enter a number
of houses (N = 9), as the owners were unavailable
during the time of the survey. Lastly, interobserver
bias cannot be excluded in spite of thorough training
of all research assistants. Nevertheless, the fact that
field technicians were randomly allocated to new
search areas each sampling day suggests an evening
out of any observer-related biases. Notably, we did
not investigate the peri-urban settings and rural
villages of Zanzibar, which may present with
different vector profiles in terms of species compo-
sition, habitat availability, and preferences. Further
studies are needed in order to assess the mosquito
vector profile and opportunities for surveillance and
control in these settings.

The present study provides a baseline for further
studies on Ae. aegypti, but may also inform the
development of a surveillance system for immature
Ae. aegypti as well as targeted control interventions
in the urban settings of Zanzibar and other similar
settings. Findings from this study, largely, support
previous observations on Ae. aegypti habitat and
larvae/pupae productivity from Dar es Salaam
(Philbert and ITjumba 2013, Mboera et al. 2016).
This suggests that the breeding behavior of Ae.
aegypti follows a consistent pattern across the
urbanized coastal areas of Tanzania, and that similar
approaches to Aedes mosquito control may apply
throughout. As such, and as domestic water recep-
tacles exhibited higher pupal productivity, strategies
for mosquito control should focus not only on
environmental management and solid waste manage-
ment, but also on improved island-wide domestic
water supply to minimize the water-storing practices
that provide larval habitats for Ae. aegypti.
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