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Abstract

Background: The National Institute for Medical Research, Amani centre, in collaboration with National Malaria
Control Programme, has been conducting annual insecticide resistance surveillance since 1999, aimed at eatly
detection of resistance to insecticides used for malatia control in Tanzania. The Standard WHO method for larvae
collection and rearing were used but challenges and limitations were encountered. For example rearing the larvae
and adult mosquitoes using the Standard WHO method experienced 100% mortality for larvae; and adults in three
days. The researchers therefore made modifications to the Standard WHO method to create suitable tools for the
field environment. Methods: A ladle was created from an empty water bottle in which an oval hole longitudinally
cut halfway from the bottom. Instead of using TetraMin as mosquito larval food, green algae were collected from
mosquito breeding sites and used as larval food. Improvised heater of charcoal stoves and humidifier of wet fabric
such as “Kanga” and “Kitenge” were also used. Results and conclusion: There was 90% larval survival, adult
mosquito survived much better and the scientists had a total of 467 mosquitoes to run the insecticide susceptibility

tests. Innovative ways are necessary under field conditions for mosquito breeding in susceptibility studies.
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Introduction

In spite of technological advances in diagnosis,
prevention and treatment, malaria is still one of the
biggest global killers. It is estimated that about 219
million cases and 660000 deaths of malaria occurred in
2010. Africa is the most affected continent with about
90% of all malaria deaths. Malaria is one of the major
causes of morbidity and mortality in Africa (Casimiro,
et al., 2004; WHO, 2012). In Tanzania, malaria remains
one of the major public health problems. It is the main
cause of admission for children (38%) and adults (32%0)
in health facilities (Gallup & Sachs, 1998; Magesa e7 al.,
2005; Rugemalila 7 al, 2006) Vector control is a major
component of the global strategy for malaria control
which aims to prevent parasite transmission mainly
through interventions targeting adult Anopheline vectors
(RBM, 2010). Currently, the National Malaria Control
Programme of Tanzania is promoting large scale use of
insecticide-treated nets as the main vector control tool.
Ongoing strategies rely heavily on the use of safe and
effective insecticides through indoor residual spraying or
insecticide-treated nets. The successful implementation
of these strategies requires good knowledge of vectors
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distributions, biology, and susceptibility to available
insecticide compounds.

In many African countries, Anopheline mosquitoes are
developing resistance to all classes of insecticides used
for mosquito control (Hunt ¢z a/, 2011; Kabula ez al,
2012). Among these, Pyrethroids are the only option for
net treatment due to their relative safety for humans at
low dosage, excito-repellent properties, rapid rate of
knock-down, and killing effects (Zaim ef al, 2000).
The emergence rapid spread of Pyrethroid
resistance in An. gambiae complex populations may
be a threat for the sustainability of malaria vector
control activities (Hunt ez a/, 2011; Temu e# al, 2012).
This raises the need for national surveys for monitoring
the insecticide susceptibility status of major vectors,
detection of resistance possible genes and assessing their
implications on vector control activities (Kelly-Hope
& Ranson, 2008). The National Institute for Medical
Research, Amani Research Centre in collaboration with
National Malaria Control Programme and other higher
learning and research institutions has been conducting
annual insecticide resistance surveillance since 1999 with
the aim of early detection and containment of resistance
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to insecticides used for malaria control in Tanzania. In
2012, the Bariadi district was included as one of the
sentinel sites for this important activity. In monitoring of
insecticide resistance to malaria vectors, the susceptibility
tests needed to be conducted. To achieve such an
important goal, the institute has been implementing
the activities in selected sentinel sites around mainland
Tanzania. Screening for insecticide susceptibility is
the initial step towards designing proper resistance
management in any setting. This can only be achieved
by undertaking a systematic resistance surveillance which
by itself has aims to provide baseline data for program
planning and insecticide selection before the start of
control interventions.

In using the Standard WHO method for the sampling and
rearing of mosquitoes (WHO, 1975), some challenges
and limitations were encountered during the field work
conducted in Bariadi District from July to August, 2012.
First, it was found that most of the Anopheles gambiae
complex breeding sites were about to dry, with only small
amounts of water remaining on rocks and in livestock
hoof prints. Secondly, there were massive deaths of
reared Anopheles gambiae complex larvae and adult. It was
observed that larval mortality was quite high during the
process of rearing before reaching day 3. The mortality
was even higher after provision of TetraMin (fish food)
and some larvae tended to bite each other regardless
of their developmental stages even after separating the
different instars. Starvation and injuries were suspected
to be contributing to the observed mortality among the
larvae. The emerged adult mosquitoes were dying in
large numbers before reaching the age of 3 days which is
the recommended age range for conducting susceptibility
testing. Disappointingly, 100% mortality continued
unabated within 12 hours of emergence despite the
efforts to change the cages and even replace the netting
with a new wedding mesh fabric just in case there had
been insecticidal contamination.

In order to overcome these obstacles, some improvisions
were introduced and modifications were made to the
current WHO standard methods of collecting and
rearing mosquitoes. The current paper reports the
alternative techniques used in order to improve the
outcome.

Methods

Study area

The study was conducted in the Bariadi district between
July and August, 2012. Bariadi district is situated at 2.8°
South latitude, 33.98° East longitude and 1,272 meters

above sea level. It is a small town in the Simiyu region in
Tanzania (Figure 1). The Bariadi community depends on
livestock keeping and crop farming to earn their living

Figure 1. Map of Tanzania showing the
Bariadi district

Study sites

Mosquito larvae were collected from three types of
breeding sites namely river banks, hoof prints and on
rocks.

Mosquito larval collection and rearing

Rearing of mosquitoes for the susceptibility tests was
achieved by using improvised tools and methods. A
WHO Standard Dipper, was replaced by a ladle made
from an empty 350ml sized water bottle by longitudinally
cutting an opening to make an oval hole halfway long
from the bottom. Sometimes for larval collection, table
ladles were also used depending on the breeding site
depth (Figure 2, 3 & 4). TetraMin mosquito larval food,
was replaced by green algae collected from mosquito
breeding sites. The mosquito larvae were sorted into
separate containers according to instars to reduce possible
predation by using a pipette. Larvae were kept in white
bowls until pupa had developed. Pupa were collected
by using a pipette and placed in containers with some
water and transferred to the prepared cages until adult
mosquitoes had emerged.
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Figure 2. The use of an improvised dipper -
a standard dipper and B-Improvised
empty 350 ml sized plastic bottle of
water dipper

Figure 3. Larvae collection tools - an improvised
empty plastic bottle

Figure 4. Larvae collection tool - a table ladle

In Bariadi district, in July and August,2012 the weather
was cool and dry; hence we thought that optimal
temperature and humidity for development of
mosquitoes could not be attained without further input.
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Therefore, we used improvised room heaters of charcoal
stoves and improvised humidifiers of wet cotton fabric
namely “kanga” and “vitenge” to cover the cages, and kept
continuously boiling water in the room using aluminium
pots to maintain high humidity in the room for adult
mosquitoes to survive well (Figure 5).

The emerged adult mosquitoes were fed on glucose
solution in cotton wool prepared as per standard
operating procedures (WHO, 1975). Because this study
was conducted in the field where there was no insectary,
an effort was made to prevent the emerged adult
mosquitoes from being eaten by ants. For that purpose,
ant control was achieved by using a basin full of water
with a bucket in it (Figure 6). This bucket was filled
with water too and covered to prevent it from floating;
Sometimes we used a four-legged stool to hold a basin
full of water as well. Then a mosquito cage was placed on
the bucket with or without supporting bars depending on
the size of the cage.

Figure 5. A - Mosquito cage preparation,
B - Improvised insectary, room
heater (charcoal stove), humidifier of
wet Kanga and Vitenge, continuous
boiling water to maintain humid air.

A cage with
adult
mosquitoes

[ bucket in
the basin,
both with
wiater

Figure 6. Mechanisms of ant control to prevent
eating of mosquitoes
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Results

The improvised dippers were efficient enough to collect
water with larvae from even the quite small water
bodies on rocks and in hoof-prints. The use of the
WHO standard dipper was not suitable for collection of
Anopheles gambiae complex larvae in such shallow breeding
sites with small amount of water as that found on the
rocks. Algae provided a good source of nutrients for
the larvae of all instars, and we recorded an encouraging
90% survival of larvae and adequate number of adult
emergences from the pupa. The humidity was kept
high enough to maintain the colony of mosquitoes
alive for more than three days until they were ready for
susceptibility testing. As a result, a total of 467 Anopheles
gambiae complex adults survived and were used for that
purpose. The basin full of water served well as an anti-

ant trap as no ants crossed the water barrier into the
mosquito cages or into the tubes holding mosquitoes for
susceptibility tests over the 24 hour holding period for
the test.

Five types of insecticides were tested for susceptibility
to female adult Angpheles gambiae complex mosquitoes.
These insecticides were lamdacyhalothrine 0.05%
(pyrethroid), permethrine 0.75% (pyrethroid), DDT 4%
(organochlorine), fenitrothion 1.0% (organophosphate)
and bendiocarb 0.1% (carbamate). All the procedures
for conducting the susceptibility test were according to
the WHO 1998 Standard Operating Procedures (WHO,
1998). The numbers of _Awopheles gambiae complex
mosquitoes exposed to each insecticide are indicated in
Table 1 below.

Total 1. Number of Anopheles gambiae complex testes per insecticide

. Lamdacy- Permethrine DDT Fenitrothion Bendiocarb Total
No. mosquitoes .
halothrine 0.05% 0.75% 4% 1.0% 0.1%

Killed at the end of the holding

' 95 94 100 98 454
period (after 24 hours)
Survived after 24 hours 7 3 3 0 0 13
Total exposed 74 98 97 100 98 467

Discussion

Human activities such as animal keeping and climatic
conditions have a great influence on mosquito breeding.
During the dry season, most water bodies dry up and
only a few mosquito larvae can be found in small and
tiny water collections (Mala & Irungu, 2011; Mala e al.,
2011). In the wild, mosquito larvae develop and thrive in
a large variety of habitats. A major source of nutrients
for mosquito larvae is plant material that has been already
degraded by fungi or bacteria (Benedict, 2007; Sattler
et al., 2005). However, there were breeding sites which
were a little larger such as sunlit stagnant waters in river
banks. Such sites as found in river banks are known to
contain much green algae, some mosquito larvae, and
mosquito larval predators as well (Sattler ez al, 2005).
The presence of green algae in the breeding site can
be an indicator of the presence of the mosquito larvae
(Bugoro ¢t al, 2011; Mala e al, 2011). This was also
the case during implementation of our study, whereby
the presence of Angpheles gambiae complex larvae was
associated with the presence of green algae. It is for this
reason that we opted to use green algae as source of food
for the collected larvae. These findings are supported
by previous study in western Kenya showing that water

nutrient and algal content in larval habitats of _Anopheles
gambiae complex play important roles in their resource
ecology (Mala & Irungu, 2011). However, for Anopheles
gambiae complex larval growth and adult survival, there
are optimal temperature, humidity and light conditions
required (Bugoro ef al., 2011;, Koenraadt ez al., 2003). In
the presence of an insectary, it is easier to control these
optimum conditions than in the rural field environment

(Dida et al., 2015).

Conclusion

Standard WHO methods for sampling and rearing
mosquitoes may not be suitable in all field settings
for various purposes such as monitoring of insecticide
resistance for malaria vectors. It can be used as a guide
and may need to be modified according to the setting
and season. Based on these findings, it is recommended
that scientists be more innovative by using locally
available resources to develop techniques which could
suitably address the field challenges encountered and
not addressed by the present WHO guidelines. The
challenges and results highlighted in this paper also
call for the periodic review of the WHO guidelines to
incorporate innovative experiences from the field.
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