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Abstract: Malaria is a protozoan disease and one of the leading causes of illness and deaths in the world. Malaria is
predominant in the tropics and subtropics, and it is reported that malaria kills a child every minute. In Tanzania at
least 40% of outpatient attendances are attributable to malaria. This study assessed the impact of Insecticide-
treated nets (/ITNs) + indoor residual spraying (IRS) in Geita district, IRS alone in Nyang’hwale district and compared
the two interventions between the two districts of Tanzania. In a retrospective cross-sectional study, district malaria
surveillance data for five years (2011- 2015) and two years (2013-2014) were collected and analyzed for Geita and
Nyang’hwale districts respectively. A total of 1,387,805 ITNs were distributed and 435,719 households sprayed be-
tween 2011 and 2015, however IRS coverage was uneven. There was evidence of malaria prevalence reduction
from 53% to 12% in Geita district within the five years of intervention. The ITNs coverage was associated with a
reduction in malaria prevalence while IRS was not. In Nyang’hwale district malaria cases increased from 103,788 to
123,337 cases in 2013 and 2014 respectively, and were accompanied by decreased households sprayed from
49,554 to 41,632. Furthermore, only ITNs had a significant effect in the combination. However, even at 100% ITNs
coverage, the estimated probability of finding malaria cases would not be zero. Therefore, based on this study, the
use of the two interventions that both use pyrethroids in combination has insignificant benefits and should be avoid-
ed unless IRS insecticide is not a pyrethroid.
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INTRODUCTION malaria is more common in Mainland Tanzania (10%
prevalence) compared to Zanzibar (<1% prevalence)
(United Republic of Tanzania, 2013a). In the countries
where malaria is a problem, interventions to prevent
and treat the disease are in progress. However, Insecti-
cide Treated Nets are the primary means for malaria
prevention worldwide (CDC, 2014). Currently, Insecti-
cide-treated nets (/7Ns) + indoor residual spray-
ing (IRS) have proved to be highly effective malaria

Malari ! lusivelv in th X d control interventions being deployed in countries
alaria occurs aimost exclusively in the tropics an where malaria is endemic to achieve objectives on

subtropics and approximately, 40% of the world’s pop- 312142 control and elimination programs (Simon et
ulation, mostly those living in the world’s poorest al., 2013, Lines and Kleinschmidt, 2013)

countries, are at risk of malaria (Okonko et al., 2009). In Africa. the combination of ITNs and IRS has be-
Despite progress in reducing the malaria burden over ;

Parasites of the genus Plasmodium cause malaria in
humans, and the highest population at risk of malaria is
in Africa (WHO, 2015). Based on WHO. (2016) report
3.2 billion people are at risk of suffering from malaria
worldwide. According to Moyer et al. (2012), malaria
has been with humans for at least 50 000 years and the
particularly dangerous species, Plasmodium falcipa-
rum, has been afflicting Aftrica for the past 6 000 years.

. . . come a commonplace practice (Okumu and Moore,
the past half-decade, malaria remains a leading cause 2011). These interventions ITNs and IRS are being
of mortality and morbidity in the developing world deployed to achieve World Health Assembly Roll

(K(i)m etal, 2012)‘_ On Tanzania Mainland,‘more than Back Malaria and Millennium Development Targets
40% of all outpatient attendances are attributable to (Kleinschmidt et al., 2009).

malaria, (CDC, 2014). Furthermore, 93% of the popu-
lation on the mainland lives in malaria-endemic areas
(PMLI, 2014). By regions, prevalence is highest in Geita
(32%), Kigoma (26%), and Lindi (26%), however,

In Tanzania, IRS has been found suitable to combine
with ITNs in the districts with a large number of ma-
laria cases (Mboera et al., 2013). Geita and Nyan-
g’hwale districts are among the areas in Tanzania
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where IRS has been implemented (htt://www.rti.org/
files/TVCSP-Success-Geita—Tanzania; PMI, 2014).
Research on whether the combined intervention help
reduce malaria prevalence has been done in several
districts. However, many researches were focused on
malaria prevalence based on parasitological indices
rather than on malaria cases prevalence (clinical cases
and confirmed cases) (Mashauri et al., 2013 and West
etal.,2014).

A randomized trial on the impact of IRS and ITNs
combined with IRS on malaria prevalence was per-
formed in Mleba district (Kagera) and based on parasi-
tological/haematological indices (parasitaemia/
anaemia) (West et al., 2014 and Mboera et al., 2013).
There is no study which has been done to assess the
impact of IRS and ITNs on the prevalence of malaria
cases (West et al., 2014). No research has been con-
ducted in Geita and Nyang’hwale districts, whether
based on parasitological indices or malaria cases, on
the impact of IRS and ITNs on malaria prevalence
(Nyang'hwale District Health Departments). Therefore,
conducting research on the impact of IRS and ITNs on
malaria cases in Geita and Nyang’hwale districts,
which are within the region with the highest malaria
prevalence in Tanzania (32%) (United Republic of
Tanzania, 2013), is of great significance to fill the gap
and add knowledge on impact of the combined inter-
vention on malaria cases (clinical cases and confirmed
cases) prevalence.

MATERIALS AND METHODS

Malaria morbidity: Annually aggregated district ma-
laria case data for 2011, 2012, 2013, 2014 and 2015
were obtained from Geita and Nyang’hwale Districts’
Health Departments. Malaria cases consisted of both
clinically diagnosed cases and microscopically con-
firmed cases. At health centre level malaria cases are
recorded in special forms called Health Information
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Fig. 1. Map showing the study area, Geita and Nyang'hwale
districts.
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Management System forms. Data are compiled month-
ly at health centre level into a report which is submit-
ted to the district hospital each month. At the Districts’
Health Departments there are special persons, the Ma-
laria Focal Persons, who compiles malaria cases data
for further use.

Population and housing data: Both population and
housing data for 2011, 2012, 2013, 2014 and 2015
were obtained from the Districts’ Planning, Monitoring
and Statistics Departments. The data served as denomi-
nators for IRS and ITNs coverage rate calculation.
This type of study is deemed not to be human subjects
research/did not need human specimen, and patient
identifiers were not included in the data (Kamuliwo et
al., 2013 and Kigozi et al., 2012), and therefore, didn’t
need ethical clearance. Geita and Nyang’hwale dis-
tricts’ population was 807,619 and 148,320 respective-
ly according to 2012 census (United Republic of Tan-
zania, 2012). The district projected population for
2011, 2012, 2013, 2014 and 2015 were obtained from
the Districts’ Planning, Monitoring and Statistics De-
partments.

IRS and ITNs coverage: The IRS and ITNs coverage
data were obtained from the Districts’ Health Depart-
ments. The number of ITNs consisted of the ITNs dis-
tributed to children under the age of five through chil-
dren welfare clinics, pregnant women through antena-
tal clinics and ITNs distributed door to door freely.
Local leaders were required to register the names of
people in every household. The nets were distributed
depending on the number of people per household.
Before distributing nets, there were campaigns to en-
courage people to hang their nets once they are provid-
ed. It is assumed that the ITNs life of use is three years
and one ITN on average protects two persons
(Kamuliwo et al., 2013).

Data analysis: To determine the association between
the burden of malaria, being the total of both clinically
diagnosed and confirmed cases, and ITNs and IRS
coverage, a Logistic regression was used. The IRS
coverage rates were calculated as [households sprayed/
number of households in a given year] x 100, while
IRS coverage rates were calculated as [households
sprayed/number of households in a given year] x 100.
Below is the final fitted model used to calculate esti-
mated probability of malaria cases.
Estimated probability of malaria

5(2.5-3.0x ITNs coverzge)

cases

1+gl2-5—3.0x TIN5 coverage)

The data were cleaned in Microsoft Office Excel 2007
before analysis. All statistical analyses and graph pro-
duction were performed by using STATA 12 (Stata
Corporation, College Station, TX, USA). At 95% con-
fidence interval, a p-value less than 0.05 was statisti-
cally significant.

RESULTS AND DISCUSSION

Impact of the combined intervention with ITNs
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Fig. 2. (a) Effect of ITNs + IRS intervention on malaria prevalence and (b) malaria cases in Geita district from 2011 to 2015.
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Fig. 3. Effect of IRS intervention on malaria prevalence and
cases in Nyang'hwale district between 2013 and 2014. (a)
IRS coverage and malaria prevalence (b) Households
sprayed and malaria cases.

combined with IRS in Geita district and IRS alone
in Nyang’hwale district on malaria prevalence: Per-
centage malaria cases and intervention coverage in
Geita and Nyang’hwale districts are shown in figure 2
and 3. The insecticides for ITNs (Olyset Nets) and IRS
were permethrin (WHO, 2014c; Graham, 2011) and
lambda-cyhalothrin  (http://www.rti.org/files/TVCSP-
Success-Geita-Tanzania) respectively. There was a
reduction in malaria prevalence in Geita district, where
the combined intervention of ITN and IRS was used
from 53% (470,311) prevalence in 2011 to 12%
(127,709) prevalence in 2015. There was a sharp de-
cline in malaria prevalence between 2011 and 2012.
Reduction in malaria prevalence remained somehow
constant from 2012 to 2015 despite the sharp increase
in the number of ITNs distributed (Fig. 2(a)). This was
further reflected by the odds and the corresponding
odds ratios of malaria cases from 2011 to 2015 (Table
1). However, there was an uneven IRS coverage from
2012 to 2015. On the other hand in Nyang’hwale dis-
trict where only IRS was applied to control malaria
transmission, malaria prevalence was 30% (103,788)
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and 34% (123,437), in 2013 and in 2014, respectively,
while the number of households sprayed was 80%
(49,554) in 2013 and 61% (41,632) in 2014 (Fig. 3). In
Nyang’hwale district where only IRS was conducted to
control malaria vector population, there was an in-
crease in malaria prevalence with a corresponding de-
cline in IRS coverage (Fig.3a). These results indirectly
provide evidence that IRS with a pyrethroid insecticide
lambda cyhalothrin had an impact on malaria preva-
lence recorded in Nyang’hwale district because the
decrease in IRS coverage was followed by an increase
in malaria prevalence. Similarly, IRS with lambda-
cyhalothrin proved to be effective in reducing malaria
transmission as indicated by earlier studies (Mashauri
et al, 2013 and Raghavendra ef al., 2011). Further-
more, in this study, it was revealed that the combined
intervention of ITNs (pyrethroid) and IRS (pyrethroid)
resulted in a reduction of malaria prevalence in Geita
district (Fig. 2 (a)). These findings are in accordance
with those of other studies conducted in Zambia and
Botswana (Kamuliwo et al., 2013 and Simon et al.,
2013) that reported a reduction in malaria prevalence,
although the IRS insecticides were pirimiphos-methyl,
an organophosphorus, and DDT, an organochlorine,
respectively. The reduced malaria prevalence in Geita
district may not all be attributed to the use of IRS and
ITNs together. There has been a rapid increase in
house construction in the district, and larger parts of
these areas were marsh lands which have helped to
destroy mosquitoes breeding sites leading to decreased
mosquito population. Hence, environmental changes
are likely to have an impact on malaria morbidity and
mortality, in this case, due to a reduction in mosquito
population (Mboera et al, 2013 and Simon et al,
2013).

Association between the interventions (IRS and
ITNs) and malaria prevalence: The association be-
tween type of intervention and malaria prevalence was
calculated using a Logistic regression model. Results
of the association between malaria cases and IRS or
ITN in the combined intervention are shown in Table



Kiputa Thobias Gaudence et al. / J. Appl. & Nat. Sci. 10(1): 236 - 240 (2018)

Table 1. Odds of malaria cases and their corresponding Odds Ratios for the five years (2011-2015)

Year
2011 2012 2013 2014 2015
Odds 1.15 0.57 0.38 0.24 0.14
Odds Ratio 1.00 0.50 0.33 0.21 0.12

Table 2. Association between malaria cases and IRS or ITNs
in the combined intervention

Variables
OR P-Value  [95% Confidence Interval]
IRS 1.34 0.134 (0.643 4.793)
ITNs 0.05 <0.001 (0.001 0.002)

Table 3. Relationship between interventions and malaria
cases.

Malaria cases IRS ITN
IRS 0.16 1.00
ITNs -0.53 0.20 1.00

2. Insecticide-treated nets were found to have a signifi-
cant (p<0.001) association with reduced malaria cases
while IRS was not (p= 0.134). If ITNs coverage were
50%, 80% and 100%, malaria cases probabilities
would be 0.73, 0.52 and 0.34 respectively. It was fur-
ther observed that there was a negative relationship (r
-0.53) between ITNs and malaria cases, meaning
that as ITN coverage increased, malaria cases de-
creased. In addition, there was a very weak positive
relationship (r = 0.16) between IRS and malaria cases,
which was far from being a perfect association (Table
3), a perfect association » is close or equal to +1 or -1.
This implies that as IRS change there were no predict-
able changes on malaria cases. ITNs were found to
have a significant association with reduced malaria
cases while IRS was not (Table 2). The results may be
due to increased ITNs coverage from 2011 to 2015
(Fig. 2(a)). These results are comparable to the study
by Kamuliwo et al. (2013), which reported a signifi-
cant association between ITNs and reduced malaria
prevalence. Additionally, IRS protection is likely to be
lower where ITNs coverage is at high levels (West et
al, 2014 and WHO, 2014a). This is supported by a
study which reported that there was no added benefit
for combining ITNs and IRS in areas with a back-
ground of high ITN coverage (Corbel et al., 2012).
Meanwhile, the association of ITNs with the reduced
malaria cases in this study is contrary to a previous
study which reported that IRS was associated with
malaria cases reduction, but ITNs were not (Simon et
al., 2013). The difference in the findings between the-
se two studies may be attributed to the different type
of IRS insecticides and different coverage rates. How-

ever, ITNs (pyrethroid) had been in use before IRS was
introduced. Therefore there are possibilities that mos-
quitoes had developed resistance to pyrethroid which
might be attributable to IRS lack of impact on malaria
prevalence. If an insecticide of a particular mode of
action is frequently used will lead to insecticide re-
sistance (Insecticide Resistance Action Committee,
2011 and Graham, 2011) and if insecticides are to be
used in both methods, it is important to use insecticides
with different modes of action (Hemingway, 2014)
Difference in malaria burden between Geita district
(ITNs + IRS) and Nyang’hwale district (IRS alone):
A state epidemiological table feature [csi] was used to
compare the impact of the two interventions on malaria
prevalence between the two districts. A comparison
between ITNs combined with IRS and IRS alone re-
vealed a prevalence difference of 9% (p<0.001) (Table
4) and prevalence ratio was 0.73 (p<0.001). These re-
sults show that the combined intervention had had an
added benefit compared to IRS alone, but the average
IRS coverage for the two years 2013 and 2014 was
57% and 71% in Geita and Nyang’hwale respectively.
The low IRS coverage in Geita and Nyang’hwale dis-
tricts may have contributed to the added benefit of the
combined intervention. In order to generate protective
effect against malaria transmission IRS coverage
should at least be 80% (WHO, 2016).

Conclusion

It can be concluded from this study that malaria vector
control by means of combined intervention in Geita
district reduced malaria prevalence while in Nyan-
g’hwale district where IRS alone was applied there was
an increase in malaria prevalence accompanied by a
decline in IRS coverage. A Logistic regression model
showed that in the combined intervention, ITNs had a
significant effect (»<0.001) but IRS did not (p= 0.134)
and if the ITN coverage were 50%, 80% and 100%,
estimated probability of finding malaria cases in Geita
district would be 0.73, 0.52 and 0.34 respectively.
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