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Abstract

Objective: Malaria vectors control interventions are designed to cause immediate killing or shorten mosquito lives,
therefore does not allow enough time for the development of the parasites to infective stage. The wall lining is new
malaria vectors control intervention in Tanzania where its impact on age structure is not well known. Therefore this
study aimed at determining the impact of non-pyrethroid durable wall lining on the age structure of malaria vectors.

Results: Higher proportions of An. gambiae sensu lato (57.1%, z = 2.66, P = 0.0077) and An. funestus (64.8%, z = 3.38,
P =0.001) were collected in the control clusters. Unexpectedly, significantly higher proportion of parous An. gambiae
s. |. were collected in the intervention clusters (z = — 2.78, P = 0.0054). The wall lining intervention has demonstrated
low impact on age structure of An. gambiae s. |, this call for further studies on the efficacy of the intervention.
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Introduction

Mosquito biting behaviour changes have been reported
to be induced by vector control interventions, particu-
larly when excito-repellent insecticides are used [1].
Spraying the walls and ceiling of houses with residual
insecticides tends to reduce the survival of mosquito vec-
tors, therefore reduce malaria transmission [2]. This is
because, insecticides irritancy cause high proportion of
mosquitoes to exit from treated houses. However, treated
walls also contribute to decreased feeding rate and rest-
ing behaviour of indoor biting mosquitoes [3]. An. gam-
biae s. s. and An. funestus, which are the malaria vectors,
naturally prefer to feed and rests indoors [3—5]. This is
in contrast to the strongly exophilic and exophagic; An.
arabiensis [6, 7]. Nevertheless, the use of indoor chemical
interventions such as long lasting insecticide treated nets
(LLINs) and indoor residue spray (IRS) have reported to
drive malaria vectors to feed and rest outdoors resulting
in a reproductive advantage for them [4]. Such shifting
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would also be accompanied by feeding more outdoors
at dusk or dawn rather than indoors at mid-night [4, 7,
8]. Outdoor biting mosquitoes remain as secondary
sources of malaria transmission as they respond poorly to
indoors insecticidal interventions [9-11].

Age grading technique is applied for establishing the
parous rate of mosquito populations in order to esti-
mate longevity [12]. Normally, mosquitoes are dissected
to observe ovarian dilations in order to determine the
proportions that are nulliparous (have not laid eggs) or
young mosquito and parous (have laid eggs) or old mos-
quitoes [12, 13]. Parous mosquitoes are those that have
taken a blood meal and oviposited at least once [14]. Age
grading in malaria vector is important in estimating the
risk of malaria in a particular area [15], with respect to
the presence of interventions [16]. Currently, a novel
non-pyrethroid insecticide treated durable wall liner
(ITWL) which works similar to IRS has been developed.
It consists of a thin sheet of cloth made from high-density
polypropylene treated with a mixture of two non-pyre-
throid insecticides namely; abamectin and fenpyroximate
[17, 18]. The impact of ITWL intervention on age struc-
ture of malaria vectors is not well known in Tanzania.
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Therefore, the present study aimed at determining its
impact on age structure of malaria vectors under field
conditions in the study area.

Main text

Materials and methods

Study area

This cross-sectional study was conducted for the dura-
tion of 7 months from November, 2015 to May, 2016 in
18 clusters in Muheza district, North-eastern coast of
Tanzania. In recent years, there have been fluctuations
in the rainfall patterns with long drought periods in the
study area. During implementation of this study, there
were long dry seasons which accompanied with dryness
of the mosquito breeding sites [19]. The district covers a
geographical area of 4922 km?, lying between 5°S latitude
and 39°E longitude. The climate is tropical, with dense
rainforest over the Usambara mountain ranges and has
an annual rainfall of 1000-2000 mm. Muheza district
is mainly inhabited by subsistence farmers. Adminis-
tratively, Muheza district is divided into six divisions
comprised of 35 wards with 175 villages [20]. The area
is endemic for malaria and lymphatic filariasis whereby
An. gambiae s. . and An. funestus are the main vectors
of these diseases [21, 22]. An. gambiae s. l. in this area
has also been documented to be resistant to pyrethroid
insecticides [23, 24].

Site selection and mosquito collection

A total of 18 clusters were selected; nine in control clus-
ters and nine in intervention clusters from clusters in a
randomized field trial [18]. Intervention clusters were
those with high percentage (over 80%) coverage of
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durable wall liners installation and they were provided
with LLINs while control clusters were the ones which
were provided with LLINs alone. The core area of each
cluster had a minimum of 124 households [18]. In each
cluster, four houses with open eaves and unscreened
windows were selected. In each selected house only one
window of the sleeping room was chosen for setting exit
traps as described in the WHO [12] in order to collect
mosquitoes (Figs. 1, 2).

Data analysis

Data were entered in excel database and transferred to
Stata version 13 statistical software where a Two-sample
test for proportions (z) was performed. The outcomes of
interest were the proportions of parous and nulliparous
among the malaria vector species and intervention arms.
In all analysis a P value of < 0.05 was considered statisti-
cally significant.

Mosquito identification and dissection

Adult mosquitoes were identified morphologically using
identification keys [25] for Anopheles, Culicines [26] and
Zootaxa 700 key was used for Aedes mosquitoes [27]. All
Culicines collected were recorded after identification and
then discarded. All fresh unfed An. gambiae s. I. and An.
funestus were dissected to observe ovarian dilations [12,
13]. Based on tracheolar skeins, dissected mosquitoes
were categorized as parous and nulliparous [12].

An. gambiae s. I. and An. funestus sibling species
identification

An. gambiae s. I. was identified to sibling species by real-
time polymerase chain reaction (PCR) as described by
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Bass et al. [28]. An. funestus sibling species were identi-
fied by PCR based on species-specific primers. Electro-
phoresis was performed there after and amplicons were
then visualized under uv-light for scoring DNA band
lengths in relation to positive controls as described by
Koekemoer et al. [29].

Malaria sporozoites determination

Malaria sporozoites determination in An. gambiae s.
l. and An. funestus was done by using enzyme linked-
immunosorbent assay (ELISA) technique according to
Witz et al. [30] whereby mosquito head and thorax were
used.

Results

Mosquito collected

A total of 1757 mosquitoes were collected. Majority of
mosquitoes collected were Cx. quinquefasciatus followed
by An. gambiae s. I. and An. funestus. Malaria vectors
(An. gambiae s. |. and An. funestus) accounted for 28.5%
(n = 501). Majority of An. gambiae s. I. (57.1%, n = 205)
were collected in the control clusters than in the inter-
vention clusters and the different was statistically signifi-
cant (z = 2.66, P = 0.0077). Similarly to An. gambiaes. I,
majority of An. funestus (64.8%, n = 92) were collected
in the control clusters, and the different was statistically
significant (z = 3.38, P = 0.001) (Table 1).

Proportions of parous and nulliparous malaria vectors in the

control and intervention clusters

The proportion of parous An. gambiae s. [. was statisti-
cally significant higher in the intervention clusters than
in the control clusters (z = — 2.78, P = 0.0054). On the
other hand, the proportions of nulliparous An. gambiae s.
[. was higher in the control clusters although not statisti-
cally significant (z = 1.9, P = 0.0571) (Table 1).

Regarding An. funestus, the proportion of parous was
higher in the control clusters while that of nulliparous
were higher in intervention clusters although not statisti-
cally significant (Table 1).

An. gambiae s. I. and An. funestus group sibling species
composition and circumsporozoite ELISA positivity

A total of 302 An. gambiae s. I. and An. funestus group
mosquitoes were identified to sibling species. Among
these, An. gambiae s. I. accounted for 60% (n = 181) and
An. funestus group were 40% (n = 121). PCR results has
shown that, An. gambiae s. I. consisted of An. gambiae s.
s. (74%, n = 134) and An. arabiensis (26%, n = 47). Within
the An. funestus group, four sibling species were identi-
fied; these included; An. funestus s. s. (95%, n = 115), An.
leesoni (2.5%, n = 3), An. rivulorum (1.7%, n = 2) and
An. parensis (0.8%, n = 1). The circumsporozoite (CSP)
ELISA results revealed that, sporozoite positive among
An. gambiae s. s. was 5.6% while that of An. funestus s. s.
was 2.0% with two individuals from each of the species.
The overall CSP positive among An. gambiae s. s and An.
funestus s. s. was 2.9%.

Discussion

Muheza is one of the malaria endemic district in Tanza-
nia where both An. funestus and An. gambiae s. I. are the
main vectors for malaria transmission [23, 31]. Despite
the fact that, the area had non-pyrethroid ITWL and
LLINs, the overall sporozoite rate among An. gambiae s.
s and An. funestus s. s. was 2.9 but the number of positive
mosquitoes was too low to make any meaningful compar-
ison between intervention and control clusters. This was
in contrary to the previous study which was conducted
in northern Orissa, India where presence of zerofly plas-
tic sheeting interventions reduced malaria transmission
and parous rate when compared to pre-intervention
phase [32]. This study has shown that, in An. gambiae s.
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Table 1 Parity status of An. gambiae s. I. and An. funestus the control and Intervention arms

Mosquito species and par- Clusters An.gambiaes.l.and  Proportions 95% confidence interval ztest P value

ity status An. funestus, n

Lower limit Upper limit

Total An. gambiaes. I. Control (LLINs only) 205 0.57 0.50 0.64 2.66 0.0077*
Intervention (ITWL and LLINs) 154 043 0.35 0.51

Parous An. gambiae s. |. Control (LLINs only) 115 042 033 0.51 — 2.78 0.0054*
Intervention (ITWL and LLINs) 162 0.58 0.51 0.66

Nulliparous An. gambiaes.l.  Control (LLINs only) 76 0.58 047 0.70 1.9 0.0571
Intervention (ITWL and LLINs) 54 042 0.28 0.55

Total An. funestus Control (LLINs only) 92 0.65 0.55 0.75 338 0.001*
Intervention (ITWL and LLINs) 50 035 0.22 048

Parous An. funestus Control (LLINs only) 49 0.56 042 0.70 1.06 0.290
Intervention (ITWL and LLINSs) 39 0.44 0.29 0.60

Nulliparous An. funestus Control (LLINs only) 23 043 022 0.63 —1.08 0.282
Intervention (ITWL and LLINs) 31 057 0.40 0.75

* Statistically significant

[, the main sibling species were An. gambiae s. s. and An.
arabiensis, similarly to a previous study [33]. Within the
An. funestus, four sibling species identified included; An.
funestus s. s., An. leesoni, An. rivulorum and An. parensis
with An. funestus s. s. which accounted for 95%, similarly
to a study by Derua et al. [21].

High proportions of An. gambiae s. I. and An. funestus
in the control clusters implies that, the intervention plays
a role in preventing the malaria vectors from entering the
houses. Our findings concur with a study conducted in the
experimental huts which found that, the presence of both
LLINs and non-pyrethroid ITWL have led to a significant
increase the proportions of An. gambiae s. I. exiting the huts
[17]. This situation has implication in reduction of malaria
transmission in a malaria-endemic community [34].

It was surprising to find that, statistically significantly
higher proportions of parous in the intervention clusters.
These findings indicate that, the new non-pyrethroid
ITWL intervention has low impact on age structure of
An. gambiae s. I. under field condition as old mosquitoes
were collected in the intervention clusters and young
ones in the control clusters. Our findings are consist-
ence with a previous study conducted in the same area
which showed that, both pyrethroid LLINs and the non-
pyrethroid ITWL in experimental huts induced exiting
among An. gambiae . [. [17]. ITWL intervention does not
induced mortality in An. gambiae s. I. as demonstrated by
the present study. This could be the reason why they were
able to live long enough to lay eggs in intervention clus-
ters; a situation has implication in malaria transmission.

The proportion of parous An. funestus was higher in the
control clusters. The present study findings concur with a
previous study conducted in India, whereby the impact of
vector control intervention on reduction in parity rate and

house entry of An. culicifacies were observed in the village
with olyset net compared to untreated net or no nets [35].
Similar findings have also reported from the same area
that, significantly higher proportions of An. funestus exited
through the exit trap due to the presence of pyrethroid
LLINs compared to non-pyrethroid ITWL [17]. ITWL
intervention has some positive practical implications as
they are durable and cost effective compared to the IRS and
also it improves houses in rural settings where most of the
walls are made up of mud [18]. Basing on the findings from
the present study, further studies to understand the efficacy
of ITWL among mosquito populations are needed.

Limitations

The study was conducted in a period of extremely dry
season where the number of mosquito collected was low
and this could have impact on interpretations of findings.

Authors’ contributions

BE conceived the study, design and performed the study, participated in the
field, contributed to interpretation of results and drafted the manuscript. WNK
contributed to overall study design and critically reviewed the manuscript.
FWM contributed to overall study design and critical review of the manuscript.
All authors read and approved the final manuscript.

Author details

! Kilimanjaro Christian Medical University College, PO. Box 2240, Moshi, Tanza-
nia. 2 National Institute for Medical Research, Headquarters, PO. Box 9653, Dar
Es Salaam, Tanzania. > National Institute for Medical Research, Amani Research
Centre, PO. Box 81, Muheza, Tanzania.

Acknowledgements

The authors wish to acknowledge the invaluable contributions from various
people and institutions. We express our gratitude to field workers and Muheza
community for the corporation provided to us during the implementation of
this study.

Competing interests
The authors declare that they have no competing interests.



Emidi et al. BMC Res Notes (2017) 10:744

Availability of data and materials
The data supporting the conclusions of this article are included within the
article.

Consent for publication
Not applicable.

Ethics approval and consent to participate

This study was approved by the Medical Research Coordinating Committee
(MRCC) of the National Institute for Medical Research (NIMR) (Ref. No. NIMR/
HQ/R.8a/Vol.IX/1613) and Kilimanjaro Christian Medical University College
Research and Ethics Review Committee (CRERC) (Ref. No. 885). All technicians
involved in sample collection were protected during mosquito collection by
wearing gum boots.

Funding

This work was supported by the American People through the United States
Agency for International Development (USAID) Sub-agreement # FY13-
G05-6990, Under Cooperative Agreement No. GHS-A-00-09-0015-00 Translat-
ing Research into Action (TRAction) Project through the National Institute for
Medical Research, Amani, Muheza, Tanzania.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 22 July 2017 Accepted: 8 December 2017
Published online: 19 December 2017

References

1. Russell T, Govella N, Azizi S, Drakeley C, Kachur S, Killeen G. Increased pro-
portions of outdoor feeding among residual malaria vector populations
following increased use of insecticide-treated nets in rural Tanzania. Malar
J.2011;10:1-10.

2. Curtis CF, Maxwell CA, Finch RJ, Njunwa K. A comparison of use of a pyre-
throid either for house spraying or for bednet treatment against malaria
vectors. Trop Med Int Heal. 1998;3(8):619-31.

3. Pates H, Curtis C. Mosquito behavior and vector control. Annu Rev Ento-
mol. 2005;50:53-70.

4. Reddy M, Overgaard H, Abaga S, Reddy V, Caccone A, Kiszewski A, et al.
Outdoor host seeking behaviour of Anopheles gambiae mosquitoes
following initiation of malaria vector control on Bioko Island, Equatorial
Guinea. Malar J. 2011;10:1-10.

5. Wong J, Bayoh N, Olang G, Killeen GF, Hamel MJ, Vulule JM, et al. Stand-
ardizing operational vector sampling techniques for measuring malaria
transmission intensity: evaluation of six mosquito collection methods in
western Kenya. Malar J. 2013;12:1-11.

6. Tirados |, Costantini C, Gibson G, Torr S. Blood-feeding behaviour of the
malarial mosquito Anopheles arabiensis: implications for vector control.
Med Vet Entomol. 2006;20:425-37.

7. Kitau J, Oxborough RM, Tungu PK, Matowo J, Malima RC, Magesa SM.
Species shifts in the Anopheles gagmbiae complex: do LLINs successfully
control Anopheles arabiensis?. PLoS ONE. 2012;7:1-7.

8. Rozendaal J. Biting and resting behavior of Anopheles darlingi in the
Suriname rainforest. J Am Mosq Control Assoc. 1989;5:351-8.

9. Matowo NS, Moore J, Mapua S, Madumla EP, Moshi |, Kaindoa EW, et al.
Using a new odour-baited device to explore options for luring and killing
outdoor-biting malaria vectors: a report on design and field evaluation of
the Mosquito Landing Box. Parasit Vectors. 2013;6:137.

10. Okumu FO, Sumaye RD, Matowo NS, Mwangungulu SP, Kaindoa EW,
Moshi IR, et al. Outdoor mosquito control using odour-baited devices:
development and evaluation of a potential new strategy to complement
indoor malaria prevention methods. Malaria World J. 2013;4:1-9.

11. Okumu FO, Moore SJ. Combining indoor residual spraying and insecti-
cide-treated nets for malaria control in Africa: a review of possible out-
comes and an outline of suggestions for the future. Malar J. 2011;10:208.

12. WHO. Manual on practical entomology in Malaria. Geneva: WHO; 1975.

14.
15.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34.

35.

Page 5 of 5

Klowden M. Dissection Techniques. In: General dissection buffers. MR4;
2002:1-2.

Atieli F. Parity. In: Dissection techniques. MR4; 1995:4-7.

Mayagaya VS, Michel K, Benedict MQ, Killeen GF, Wirtz RA, Ferguson HM,
et al. Non-destructive determination of age and species of Anopheles
gambiae s. | using near-infrared spectroscopy. Am J Trop Med Hyg.
2009;81:622-30.

Beier JC. Malaria parasite development in mosquitoes. Annu Rev Ento-
mol. 1998;43:519-43.

Malima R, Emidi B, Messenger LA, Oxborough RM, Batengana B, Sudi W,
et al. Experimental hut evaluation of a novel long-lasting non-pyrethroid
durable wall lining for control of pyrethroid-resistant Anopheles gambiae
and Anopheles funestus in Tanzania. Malar J. 2017;16:82.

Mtove G, Mugasa JP, Messenger LA, Malima RC, Mangesho P, Magogo F,
et al. The effectiveness of non-pyrethroid insecticide-treated durable wall
lining to control malaria in rural Tanzania: study protocol for a two-armed
cluster randomized trial. BMC Public Health. 2016;16:633.

Emidi B, Kisinza WN, Stanley G, Mosha F. Seasonal variation of Culex
quinquefasciatus densities emerged from Pit-Latrines in rural settings,
Muheza, Tanzania. SM J Public Health Epidemiol. 2017;3:1040.

URT. Population and housing census: population distribution by adminis-
trative areas. United Republic of Tanzania: URT; 2012. p. 2013.

. Derua, Alifrangis M, Magesa S, Kisinza W, Simonsen P. Sibling species

of the Anopheles funestus group, and their infection with malaria and
lymphatic filarial parasites, in archived and newly collected specimens
from northeastern Tanzania. Malar J. 2015;14:1-8.

Simonsen P, Derua Y, Magesa S, Pedersen E, Stensgaard A, Malecela M,

et al. Lymphatic filariasis control in Tanga Region, Tanzania: status after
eight rounds of mass drug administration. Parasit Vectors. 2014;7:1-19.
Kabula B, Derua YA, Tungu P, Massue DJ, Sambu E, Stanley G. Malaria ento-
mological profile in Tanzania from 1950 to 2010: a review of mosquito
distribution, vectorial capacity and insecticide resistance. Tanzan J Health
Res. 2011;13(Suppl 1):1-14. http://dx.doi.org/10.4314/thrb.v13i5.2.

Emidi B, Kisinza WN, Kaaya RD, Malima R, Mosha FW. Insecticide suscep-
tibility status of human biting mosquitoes in Muheza, Tanzania. Tanzan J
Health Res. 2017;19(3). https://doi.org/10.4314/thrb.v19i3.9.

Gillies MT, de Meillon B. The Anophelinae of Africa South of the Sahara
(Ethiopianzoogeographical Region). 2nd ed. Johannesburg: Institute for
Medical Research; 1968.

Edwards F. Mosquitoes of the Ethiopian region Il culicine adults and
pupae. London and Dorking: The Oxford University Press; 1941.

Huang Y. The subgenus Stegomyia of Aedes in the Afrotropical Region with
keys to the species (Diptera: Culicidae). Auckland: Magnolia Press; 2004.
Bass C, Williamson MS, Wilding CS, Donnelly MJ, Field LM. Identification
of the main malaria vectors in the Anopheles gambiae species complex
using a TagMan real-time PCR assay. Malar J. 2007;6:155.

Koekemoer LL, Kamau L, Hunt RH, Coetzee M. A cocktail polymerase
chain reaction assay to identify members of the Anopheles funestus (Dip-
tera: Culicidae) group. Am J Trop Med Hyg. 2002;66:804-11.

Wirtz R, Avery M, Benedict M, Sutcliffe A. Sporozoite ELISA. In: Field tech-
niques; Plasmodium falciparum Sporozoite ELISA; 1989:1-12.

Kweka EJ, Nkya WMM, Mahande AM, Assenga C, Mosha FW, Lyatuu EE,
et al. Mosquito abundance, bed net coverage and other factors associ-
ated with variations in sporozoite infectivity rates in four villages of rural
Tanzania. Malar J. 2008;7:1-8.

Sharma SK, Upadhyay AK, Haque MA, Tyagi PK, Mohanty SS, Mittal PK,

et al. Field evaluation of ZeroFly-an insecticide incorporated plastic sheet-
ing against malaria vectors & its impact on malaria transmission in tribal
area of northern Orissa. Indian J Med Res. 2009;130:458-66.

Kweka EJ, Mahande AM, Assenga C, Lyatuu EE, Mosha FW, Mwakalinga
SB. Short communication; vector species composition and malaria
infectivity rates in Mkuzi, Muheza District, north-eastern Tanzania. Tanzan
J Health Res. 2008;10:46-9.

Curtis C, Maxwell C, Magesa S, Rwegoshora R, Wilkes T. Insecticide-
treated bed-nets for malaria mosquito control. J Am Mosq Control Assoc.
2006;22:501-6.

Sreehari U, Razdan RK, Mittal PK, Ansari MA, Rizvi MMA, Dash AP. Impact
of olyset nets on malaria transmission in India. J Vector Borne Dis.
2007;44:137-44.


https://doi.org/10.4314/thrb.v13i5.2
https://doi.org/10.4314/thrb.v19i3.9

	Impact of non-pyrethroid insecticide treated durable wall lining on age structure of malaria vectors in Muheza, Tanzania
	Abstract 
	Objective: 
	Results: 

	Introduction
	Main text
	Materials and methods
	Study area
	Site selection and mosquito collection
	Data analysis
	Mosquito identification and dissection
	An. gambiae s. l. and An. funestus sibling speciesidentification
	Malaria sporozoites determination

	Results
	Mosquito collected
	Proportions of parous and nulliparous malaria vectors in the control and intervention clusters
	An. gambiae s. l. and An. funestus group sibling species composition and circumsporozoite ELISA positivity

	Discussion

	Limitations
	Authors’ contributions
	References




