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Abstract

Background

Recent efforts of accelerated malaria control towards the Emg-goal of elimination had

significant impacts in reducing malaria transmission. Whiledhedforts need to be sustair
over time, a scenario of low transmission could bring about changedividual disease ris
perception, hindering adherence to protective measures, and affectegsadrelate
knowledge. The goal of this study was to investigate the potentf@at of a successf
malaria vector control intervention on bed net usage and malaria-related knowledge.

Methods

Dar es Salaam’s Urban Malaria Control Program was launah&D04 with the aim g
developing a sustainable larviciding intervention. Larviciding wasdeap using a steppe
wedge design. Cross-sectional and longitudinal data were collesied a randomize
cluster sampling design (2004—-2008). Prevalence ratios (PR) fofféloe & the larviciding
intervention on bed net usage (N = 64,537) and household heads’ knowledge rid
symptoms and transmission (N = 11,254) were obtained from random ea#gcessior
models.

Results

The probability that individuals targeted by larviciding had useedriet was reduced
5% as compared to those in non-intervention areas (PR = 0.95; 95% cretditvals (Crl):
0.94-0.97) and the magnitude of this effect increased with time. Langciso led to
decline in household heads’ knowledge of malaria symptoms (PR = 0.88C85%.83-
0.92) but no evidence of effect on knowledge of malaria transmission was found.
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Successful control interventions could bring about further challetogeastaining gains |
reducing malaria transmission if not accompanied by stratégiavoid changes in individy
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knowledge and behaviour. This study points to two major research gagis.tiiére is a
urgent need to gather more evidence on the extent to which counttidsgatieaachieve
significant decline in malaria transmission are also obserVviagges in individual behaviopr
and knowledge. Second, multidisciplinary assessments that combine ajiventéng
gualitative data, utilizing theories of health behaviour and theorikemfledge, are needgd
to optimize efforts of national malaria control programmes, andhatély contribute tp
sustained reduction in malaria transmission.
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Background

The last decade witnessed a rapid scale-up of effectivarimatontrol interventions
supported by the mobilization of important programmes and initiafdjesThe increased
coverage of packages of interventions of proven efficacy is believieave led to important
declines in malaria transmission and disease burden, particatmh?2005, in some areas of
sub-Saharan Africa [2-4]. Globally, it is estimated that malantidence has declined by
17% and that malaria mortality rates have been reduced by 26% 2089 [5]. The
persistent shrinking of the malaria map and shift from modérigte to low malaria
endemicity in some countries has important consequences on populatiomalenslity [6],
and raises questions for programme managers and policy-makendimggaistainability of
the achievements to avoid resurgence, as observed in the pamthd7p pursue malaria
elimination [8,9]. In fact, out of the 99 malaria-endemic countriesha@4& now set or are
realistically considering elimination targets [10].

The Global Malaria Eradication Program (1955-1969) taught us thataimig momentum

when malaria transmission is declining is of prime importaogadgrammatic success [11].
One of the cardinal requirements for moving beyond control tarediion is to sustain high

rates of effective coverage of control measures within a damsinission environment [12].
Reducing malaria to low transmission levels, however, could negatimplact disease risk
perception by local communities, policy makers, and internatiomadeis [13-15]. Few

studies thoroughly investigated the impacts of malaria contraidividual health behaviour

and disease-related knowledge. Qualitative evidence suggestbeithanet usage could
decrease following a reduction in mosquito nuisance and malansntrssion [13,16,17].

Further, lack of experience with episodes of malaria illness rexcturate home diagnosis
have been suggested as contributing factors to delays in appropeatment-seeking

behaviour [18,19].

This paper addresses the issue of potential behaviour change rigllsuccessful malaria
control efforts. Specifically, the potential impact of a vector brgtrategy on malaria-
related behaviour and knowledge is assessed using data from the Uaksa NControl

Programme (UMCP) in Dar es Salaam (United Republic of Taagf20]. This programme
was chosen because after three years of larval control the odwbviduals living in areas
treated with larvicide being infected with malaria were 2b%elr than those who lived in
untreated areas [21]. This study’s hypothesis is that as mosdeitsity and malaria
transmission are reduced in Dar es Salaam, three chaagkk lappen. First, as fewer



infections are observed, people do not perceive malaria as a major riskrfbeetith (or that
of their family), and therefore the use of protective measanedaxed. Although this change
was not observed in a recent qualitative study in Zanzibar, istressed as a real possibility
in low transmission areas [22]. Second, as people witness fevgeddepiof malaria in their
immediate social network, their ability to recognize symptomshefdisease is reduced.
Third, as the perception of malaria as a major health threaeakes, overall knowledge
about disease transmission is progressively reduced as wellveipweren the fact that the
UMCP larval control activities were done on a weekly basis, amidering that the
population was aware of the work of larval control personnel, thereharece that the link
between mosquitoes and malaria is not compromised by reduced issinamThus, this
paper examines the effects of the larval control strategyaime® Salaam on: i) reported bed
net usage; ii) knowledge of malaria symptoms; and, iii) knowlédgemosquitoes transmit
malaria.

Methods

Study site

Dar es Salaam is the largest city of the United Republi¢arizania with an estimated
population of 2.7 million in 2005 [23]. The smallest administrative usithe ten-cell unit

(TCU), which is usually comprised of ten to 20 houses, but may cordainsany as 100
[24]. Malaria transmission in Dar es Salaam is year-roundd@8ljincidence of malaria often
peak after the rainy seasons.

Data collection

The UMCP was launched in 2004 with the goal of developing a sabtai community-

based larviciding intervention. From 2004 to 2008, a total of six randomiasticsampled
household surveys were conducted in the targeted area [21]. For thsufirsy round, ten
TCUs per ward were randomly drawn and all households in theestlE€Us were eligible
to participate. From the second survey round onwards, TCUs selethedfirst round were
followed up longitudinally, and cross-sectional data were collected fromdditional TCUs.

Upon obtaining informed consent, the location of each household was geweteend a
detailed questionnaire was administered. Information collected imtlude house

characteristics; i) head of household; iii) use of protectiveasures; and, iv) individual
characteristics of household members. An asset index was @bedtrioy performing a
principal component analysis of the household’s possessions and usedoag af [gocio-

economic status (SES). A total of 48,525 individuals contributed informatithe tstudy and
9,379 of these were interviewed more than once. Including follow-up dataotal sample
size is 64,537 data points, of which 11,254 are from household heads.

The larviciding intervention was rolled-out sequentially: itrtstéh in March 2006 in three

wards, scaled up to nine wards in May 2007, and to all intervention areas in April 20@8. Mo
details about the UMCP design and data collection can be found elsewhere [20,21,26].

Statistical analyses

The three main outcomes of this study are: i) reported bed net tlsaqight before the
survey (any type of bed net); ii) household head’'s knowledge of at fe® malaria



symptoms; and, iii) household head's knowledge that mosquitoes tramaiatia. The
larviciding intervention was lagged by five weeks, as descrigdddheu-Giroux and Castro
[21].

Random effect models where used to take into account clusteringdiefduals at the
household and TCU levels in the regression models (Model 1). As thieidarg
intervention was not randomized [21,26], the possibility that ward chastice are
correlated with the intervention cannot be eliminated. Thereforetisgn®f the results was
assessed by including ward fixed effects in the statistreadels (Model 2). Finally, the
possibility that the changes in preventive behaviours and malarialdagev were not
constant through time after initiation of larviciding activitigas examined (Model 3). Since
the outcomes are not rare events, reporting odds ratios overseatetative risk association.
Model-adjusted prevalence ratios (PR) were therefore caldulditectly from logistic
regressions using marginal standardization [27,28]. A BayesianeWark was chosen
because it offered the flexibility to consider fixed effeatsl &luster-level random effects,
and straightforward computations of the prevalence ratios (PR) amccitbéible intervals
(Crl).

Covariates included in the final multivariate models were smledased on careful
consideration of the following issues: 1) subject-matter knowlemgsut confounding; ii)
variable exhibiting sufficient variation; and, iii) extent of potahtmeasurement errors.
Covariates included in the model when the outcome is bed net usageagergender, use
of insect repellent, use of sprays, use of coil, living in a houde wiitdow screens, SES
quintiles, weekly rainfall lagged by two weeks (including a quadtarm), and having been
surveyed in a previous survey round. Since all models included both f@ticand cross-
sectional data, controls for follow-up individuals were added in ordecdouat for any
potential Hawthorne effect [29], or the fact that individuals inteveek multiple times adapt
their response to questions based on what is expected to be.odsréar the models where
the outcome is either knowledge of malaria symptoms or knowledgelafianaansmission,
variables controlled for were: age, gender, having been suhmeyse previous survey round,
and SES quintiles. Effect modification of the intervention by age,hthesehold’s head
gender, and SES (dichotomized as richeepoorer than the median) was investigated using
the model that provided the best fit as indicated by the deviararenation criterion. Details
on model specifications, prior distributions, model fitting and convergesud sensitivity
analyses can be found in Additional file 1.

Ethical considerations

Ethical approval was granted by the Medical Research Coordinatiormitem of the
National Institute for Medical Research, Ministry of TanzaniéReference
#NIMR/HQ/R.8a/Vol. 1X/279&234), and by the Harvard School of Publiealth
Institutional Review Board (Protocol #20323-101). Upon informing the stud\cipamits on
the goal, specific objectives, risk and benefits of the studyfenwrinformed consent was
obtained. For children younger than 18 years of age, the parent or guamlimegrsigned
informed consent on their behalf.



Results

Characteristics of study participants, stratified by ladimg phase and intervention status,
are presented in Table 1. Given the survey design, the proportimdiefuals surveyed
during the rainy season exhibited marked differences; a largeortion of interviews for
the larviciding areas of the first larviciding phase and of theinmvention areas of the
second larviciding phase were performed during the rainy season.prbpertion of
household head between 50 and 64 years of age increased with timreqal$ af aging and
the fact that older household heads enrolled with time), and SES andpnooBeg
conditions also exhibited increasing trends with time.

Table 1 Characteristics of study participants stratified by larviciding phase and
intervention status

Variables Baseline First phase Second phase Third phase
Control  Control Larviciding Control Larviciding Larviciding
Individual-level characteristics (n) 26,338 13,818 3,096 4,749 7,366 9,170
Male sex 35.2% 35.5%  36.6% 36.3% 38.2% 39.4%
Age
Younger than 5 years of age 15.4% 13.3% 13.3% 3.2% 11.5% 10.0%
Between 5 and 14 years of age 27.6% 27.9%  29.1% 28.4% 29.6% 31.2%
Between 15 and 29 years of age 28.5% 29.5% 9%29.3 28.2% 28.9% 29.1%
Between 30 and 44 years of age 16.4% 17.3% 9%6.1 18.4% 18.8% 18.4%
Between 45 and 59 years of age 7.2% 7.2% 7.7% 6%7 7.1% 7.3%
Aged 60 years or above 4.9% 4.8% 4.5% 41% 4.1% 4.0%
Missing 0.1% 0.1% 0% 0% 0% 0%
Reported use of mosquito repellent 1.3% 4.2% 3.7%  .5%2 3.1% 3.3%
Reported use of caoll 5.7% 8.4% 5.9% 59% 7.3% 5.8%
Interviewed during the rainy season 41.1% 475% 4%1. 51.8% 30.9% 38.3%
Previously surveyed participant (follow-up) 16.9% 1.6 30.4% 324% 31.3% 27.5%
Head of household and house characteristics (N§,127 2,505 522 726 1,099 1,275
Male sex 64.2% 71.6% 71.6% 70.8% 73.3% 74.7%
Age
Younger than 30 years of age 8.2% 2.4% 2.9% %3.0 1.7% 1.6%
Between 30 and 49 years of age 48.1% 47.3% %39 47.2% 50.8% 48.9%
Between 50 and 64 years of age 31.1% 37.0% 9%42.3 39.5% 36.6% 38.4%
Aged 65 years or above 11.7% 13.1% 10.9% 9.9940.5% 10.6%
Missing 0.9% 0.2% 0% 0.3% 0.5% 0.5%
Occupation of the household head
Business/Government/Formal sector 59.3% 66.3%5.7% 58.3% 69.5% 77.3%
Farmer/Fisherman 2.2% 1.2% 1.5% 1.1% 0.9% 0.6%
Informal sector 19.2% 20.0% 18.4% 253% 17.0% 2.0%
Retired/No job/Domestic 17.9% 11.5% 13.8% 13.8%.7% 9.2%
Missing 1.4% 1.0% 0.6% 15% 0.8% 0.9%
Socio-economic status
Lowest quintile 31.9% 185% 21.5% 51% 9.1% %.0
Second quintile 27.6% 242%  16.5% 19.6% 16.3% 4.8%
Third quintile 13.9% 18.2%  19.2% 20.9% 15.0% 299
Fourth quintile 11.6% 215% 20.5% 26.9% 31.2% 8.3%
Highest quintile 15.0% 17.5% 22.4% 27.5% 28.4% 30.7%
Education level of household head
llliterate 6.2% 6.9% 4.2% 40% 2.9% 1.2%
Primary 58.9% 43.5%  48.5% 37.5% 32.7% 35.0%
Secondary 29.2% 44.2%  39.1% 55.9% 59.4% 59.8%
Tertiary 3.6% 4.5% 7.1% 1.9% 4.3% 3.4%
Other 0.3% 0% 0.4% 0% 0.1% 0%
Missing 1.8% 0.9% 0.8% 0.7% 0.6% 0.6%
House has window screens 23.7% 24.2%  45.6% 22.2%3%30 39.7%
House has whole ceiling 25.1% 29.5% 36.0% 44.5% 7%]1. 34.8%

Reported use of bed net increased steadily in the non-interventienfram@a78.7% in mid-
2004 to 86.0% in 2007, but exhibited yearly variation related to preagmtéfEigure 1), and



was lower in larviciding areas as compared to non-intervention onéh. rdgard to
knowledge of malaria symptoms by the household head, a continuous decliobssasd
throughout the study period in non-intervention wards from 94.8 to 75.3% (Figued?iy
larviciding wards from 62.9 to 62.6%. The proportion of household heads with knowledge
that mosquitoes transmit malaria rose steadily during the gierdlyd in the non-intervention
group from 68.7 to 90.2% (Figure 3), and non-intervention and larviciding aréasoti
appear to differ much.

Figure 1 Prevalence of bed net usage stratified by survey round and larviciding stetu
Confidence intervals are based on 9,999 bootstrap replicates at the TCU ldetsn@

frame of larviciding phases and survey rounds do not overlap perfectly. Thus, due to small
sample size and the geographically limited extent of data collection (only odg wesults

for 697 data points in the larviciding area in survey round 3, and 744 data points in control
area in survey round 6 are not shown).

Figure 2 Proportion of household heads knowing at least five symptoms of malaria,
stratified by survey round and larviciding status.Confidence intervals are based on 9,999
bootstrap replicates at the TCU levels. (Prevalence estimates basedllsasmle size and
geographically limited extent of data collection are not represented).

Figure 3 Proportion of household heads that know that mosquitoes transmit malaria,
stratified by survey round and larviciding status.Confidence intervals are based on 9,999
bootstrap replicates at the TCU levels. (Prevalence estimates basedlllosasmple size and
geographically limited extent of data collection are not represented).

Univariate regression models suggested that the probability of asimgd net the night
before the survey for individuals residing in larviciding areas weauced by 6% (95% Cirl:
4-7%) as compared to individuals living in non-intervention areas (Tgblehis result was
not affected when adjusting for additional covariates and when inclfiged) effects at the
ward level. When examining if the intervention only had an immedifiext or one that
changes with time, the decline in bed net usage observed lartieding wards was found
to be accentuating with time (Table 2) so that, after theaesyof larviciding, the probability
of using a net for individuals living in the intervention wards was cedy 10% (PR =
0.90, 95% Crl: 0.84-0.95) as compared to individuals in non-intervention wards.

Table 2 Effect size estimates of the larviciding intervention on reported lienet usage

the night before the survey
Outcome: Bed net usage (N = 64,537) Model 1 Model 2 Model 3
PR* 95% Crlt PR* 95% Crlt PR* 95% Crlt

Univariate

Larviciding intervention 0.94 (0.93-0.96) 0.94 (0.93-0.96) 0.95 (0.93-0.96)
Time since initiation of larviciding (years) - - - - 0.98 (0.96-0.99)
Multivariablet

Larviciding intervention 0.96 (0.94-0.97) 0.95 (0.94-0.97) 0.96 (0.94-0.97)
Time since initiation of larviciding (years) - - - - 0.98 (0.97-0.99)
Trend for time (AR18) Yes Yes Yes
Random effects (Household and TCU) Yes Yes Yes
Fixed effects at ward level Yes Yes

Statistically significant results are bolded.



To account for the fact that the coefficients of the ward fieffécts exhibited slow
convergence, the number of iterations used for inference was dootl2d,000 for Models
(2) and (3).

*PR: Prevalence ratio.

TCrl: Credible interval.

8ARL1: First-order autoregressive.

fControl variables include: age, gender, dummy for being a follow-upvates, use of

insect repellent, use of sprays, use of coil, living in a house witdow screens, socio-
economic status, and weekly rainfall lagged by two weeks (with quadratic term

The impact of the larviciding intervention on knowledge of malariaptgms was also
shown to be statistically significant (Table 3). Here, addirgdfieffects at the ward level
slightly changed the PR for the intervention from 0.91 (95% Crl: 0.87-@08)88 (95%

Crl: 0.83-0.92). The PR were unaffected when adjusting for poteotidbenders. Further,
time since initiation of larviciding activities had no effect on kiemlge of malaria

symptoms.



Table 3Effect size estimates of the larviciding intervention on knowledge @it least five malaria symptoms

Outcome: Symptoms knowledge (N = 11,254)

Model 1

Model 2

Model 3

PR* 95% Crlt

PR* 95% Crlt

PR* 95% Crlt

Univariate

Larviciding intervention

Time since initiation of larviciding (years)
Multivariablet

Larviciding intervention

Time since initiation of larviciding (years)
Trend for time (AR18)

Random effects (TCU)

Fixed effects at ward level

0.91 (0.87-0.95)

0.91 (0.87-0.95)

Yes
Yes

0.88 (0.83-0.92)

0.88 (0.83-0.92)
Yes
Yes
Yes

0.87 (0.82-0.92)
1.03 (0.99-1.07)

0.87 (0.82-0.92)
1.01 (0.98-1.05)

Yes

Yes

Yes

Statistically significant results are bolded.

*PR: Prevalence ratio.
TCrl: Credible interval.
8AR1: First-order autoregressive.

FControl variables include: age, gender, dummy for being a follow-up observation, endcomic status.



No evidence supporting a change in knowledge of malaria transmissiomeasltaof the
larviciding intervention was found (Table 4). Results were not @fleby adding fixed
effects at the ward levels or by adjusting for potential confagnd&hen allowing for a
change of the effect of the intervention with time, the resultgyested that household heads
living in larviciding areas were less likely to recognize quitbes as vector of malaria as
time since initiation of larviciding activities increased. Indetbeé, model predicts that three
years after initiation of the larval control intervention, the profigibthat household heads
residing in larviciding areas recognized mosquitoes as vectoalafimwas reduced by 10%
(PR = 0.90; 95% Crl: 0.75-1.04) as compared to those living in non-interveméas. This
result did not reach statistical significance, however.

Table 4 Effect size estimates of the larviciding intervention on knowledge ohalaria

transmission
Outcome: Knowledge of malaria transmission (N = 1254) Model 1 Model 2 Model 3
PR* 95% Crlt PR* 95% Crlt PR* 95% Crlf

Univariate

Larviciding intervention 1.01 (0.96-1.05) 1. QO 95-1.05) 1.01(0.95-1.06)
Time since initiation of larviciding (years) - - - 0.97 (0.92-1.02)
Multivariablet

Larviciding intervention 1.01 (0.96-1.05) 1. QO 95-1.05) 1.020.97-1.07)
Time since initiation of larviciding (years) - - - 0.96 (0.92-1.01)
Trend for time (AR18) Yes Yes Yes

Random effects (TCU) Yes Yes Yes

Fixed effects at ward level Yes Yes

Statistically significant results are bolded.

*PR: Prevalence ratio.

tCrl: Credible interval.

8AR1: First-order autoregressive.

FControl variables include: age, gender, dummy for being a fallevebservation, and
socio-economic status.

Finally, neither being under five years old, living in a househeltled by a male, nor being
below the median SES was found to be modifying the effect of the larviciding interventi
reported bed net usage (Figure 4). For both the knowledge of malemiosys and malaria
transmission outcomes, the product term between the larvicidingenteon and gender of
the household head was not statistically significant, indicatingthiatvariable is not an
effect modifier. Being below the median SES asset-based indexevhgwsignificantly
modified the effect of the larviciding intervention on malaria kisalge. In fact, the PR for
the larviciding intervention for heads of household above the medialw@E®.89 (95%
Crl: 0.84-0.94) as compared 0.84 (95% Crl: 0.78-0.90) for those living below tthi@arme
SES. Even though the product term between SES and the larvicidingemien reached
statistical significance for knowledge of malaria transiois, the Crl of the SES stratum-
specific PR cross the null.

Figure 4 Effect modification of the larviciding intervention by age, gender, and soot

economic status on bed net usage, knowledge of malaria symptoms, and knalgke of

malaria transmission. Statistically significant results are bolded. To account for the fact that
the coefficients of the ward fixed effects exhibited slow convergenchdoBed net usage’
models, the number of iterations used for inference was doubled to 120,000. T Models for the
bed net usage outcome are adjusted for: age, gender, dummy for being a follow-up
observation, use of insect repellent, use of sprays, use of coil, living in a housenaittivwi



screens, socio-economic status, and weekly rainfall lagged by two watksg(fadratic

term). Models also include: a semiparametric time trend, random effémiasghold and

TCU levels, and fixed effects at the ward level (as in Model 2). £ Models for thedahgevl

of malaria symptoms and malaria transmission outcomes are adjustecfayeader,

dummy for being a follow-up observation, and socio-economic status. Models also:iaclude
semiparametric time trend, random effects at TCU level, and fixeds#etite ward level

(as in Model 2).

Discussion

These results showed that individuals targeted by the larviciditegvention in Dar es

Salaam were significantly less likely to have used a betheetight before the survey. The
magnitude of this effect increased with time such that, tgeses after the initiation of

larviciding activities, individuals in intervention areas were 18%s likely to use their bed
net as compared to individuals living in non-intervention areas. Therals@sa decline in

household heads’ knowledge of malaria symptoms and this effect waspnoorounced for

individuals of low SES. No differences between larviciding and nomvieigion areas, with

respect to knowledge of malaria transmission, were found.

With regard to bed nets, several studies have suggested that éherautunction of night-
time temperature, perceived malaria risk and density of nuidatiog insects [30-32]. Thus,
the significant reduction in the probability of using a bed net in BPM&@ervention areas
could result from two factors. First, the UMCP made a programndacision to control
larval stages of nuisance biting insects sucluaex quinquefasciatu@ mosquito involved
in the transmission of lymphatic filariasis, but not malaria)aa effort to gain community
support. A significant reduction in nuisance biting rates could detividuals from using
bed nets if personal protection against mosquito bites is not petcasvéeing necessary
anymore. Nevertheless, data from the first phase of the UM@Pvention suggest that
routine larviciding was not successful in suppressing nuisance biting, andecatiosquitoes
were still responsible for more than 100 bites per exposed persoigpein the intervention
wards [20]. The impact of controlling nuisance biting insects will cbatext specific,
however, depending on the relative abundance of different species of mosquitoes. Second, the
reduction in the prevalence of malaria infection from 20.8% in 2004 to In72908
following larval control [21,26] can potentially change the individual peraepif malaria
risk. In this case, the disease may not be perceived as atthtesalth anymore, leading to
varied behaviour changes, including reduced adoption of personal proteeagenss, such
as bed net use. The reported results tend to support this hypothesis.

Despite the significant reduction in the probability of using a het following the
larviciding intervention, the proportion of individuals using a net in nonvatgion areas
increased throughout the study period. In October 2004, shortlytédnitiation of this
study, the Tanzania National Voucher Scheme was launthedaim of this programme was
to provide every pregnant woman with a printed voucher valued at TZS2,B0R(€b in
2004) to purchase a discounted-price bed net [33]. In October 2006, a secaner voas
introduced targeting mothers and caretakers of infants aged nine natnths time of
measles vaccination [34] and, in January 2007, the value of the vouchemoneesed to
TZS3,250 [35]. The subsequent introduction and improvements of these finanerdivies
could thus have resulted in higher bed net ownership and usage.



A decline in the knowledge of malaria symptoms, particularly eagrunder the UMCP
larval control intervention, is also worrisome. Caregivers’ ingbild recognize malaria
symptoms has been cited as an impeding factor for earlymeat of severe malaria in
Tanzania [19]. With lower transmission intensities, population-leweiunity is expected to
decrease and the clinical spectrum of severe malaria magehaith cerebral malaria
accounting for a higher proportion of cases [6]. Therefore, eadyproper recognition of
symptoms is crucial to reduce malaria morbidity and morta®®y.[Of particular concern is
the finding that SES is modifying the relationship between dalvig and knowledge of
malaria symptoms. Given that out-of-pocket expenditure for malag@ment usually
consumes a larger proportion of low SES households’ budget [37], inapprapridééayed

treatment could potentially be exacerbated in these disadeantaguseholds by their
inability to recognize malaria symptoms.

If knowledge is formed based on experience, one could hypothesize sthatalaria
transmission goes down, and fewer cases are observed, persomanegpwith malaria
episodes also reduces, and thus the ability of individuals to properlyifydeigease
symptoms may be compromised. That would be maximized if malasanot perceived as a
major threat. While intuitively it is reasonable to assume tthege changes would increase
over time (assuming that transmission remains fairly low ofirgesc even further), this
study’s results do not support that. In addition, the available data ddlowtassessing the
mechanisms through which knowledge of malaria symptoms is changed.

Regarding knowledge that mosquitoes transmit malaria, then@ isvidence of changes
following the UMCP larval control. Two factors could explain thisute First, community
sensitization and participation are a central component of arratedgvector management
strategy as endorsed by the World Health Organization [38]. Ie®&alaam, each TCU has
a leader and the UMCP worked closely with them to foster supporthéidarviciding
activity, and to guarantee unrestricted access to breedingtbahit@ny located on private
properties. Therefore, the population living in the UMCP area wasea®f the presence and
the purpose of larval control teams. Second, larval control personnel techdbeir work
wearing a UMCP T-shirt, displaying the name of the project thedlife cycle of the
mosquito. Thus, the weekly presence of the larval control teams maybted as a regular
reminder of the importance of mosquitoes for malaria trarssoms These two factors could
potentially overcome the expected decline in knowledge in scenaridewofmalaria
transmission.

The strengths of this study include its large geographic andaal extents, availability of
reliable baseline information, control of many potential confoundersrtiep®f effect size
estimates on the risk ratio scale, a large sample sizejedaded use of robustness checks
and sensitivity analyses. The study has some limitations. fhiesgrder of the rollout of the
intervention was not randomly allocated. If ward-level charastiesi are correlated with the
intervention, the reported effect size estimates could be bidsgdrtheless, including fixed
effects at the ward level, which control for ward-level timeariant confounders, did not
affect the reported effect size estimates. Second, infamain knowledge of malaria
symptoms and transmission was only collected from household headshdosehold
decisions about health expenditure and treatment-seeking behaviour ®llo@mplex
process that involves trade-offs and bargaining among household membergpaphi’s
inferences are thus based on the assumption that the household healdsf lmalaria
knowledge is representative of that of other household members involvii idetision



making process. The fact that gender was not found to be anratiddter tends to support
this assumption.

This study’s findings need to be discussed in light of the cueféts of intensified malaria
control with the goal of eradication. In countries considering eliti@naand in areas where
transmission has been reduced to very low levels for a few, @&aysired immunity is low
and thus sustaining gains of malaria control becomes crucial t@nreutbreaks and
resurgence of the disease [11], such as that occurred in Sa Hankg the late 1960s [7]. If
knowledge and behaviour change follows successful interventions that rethleea
transmission to low levels, then sustainability of control effartd gains may be at risk. A
potential strategy to address these issues, currently langgected by national malaria
control programmes, is the implementation of a comprehensive behavichaalge
communication process, which addresses gaps in knowledge and probldissase risk
perception.

Conclusions

This study points to two major research gaps. First, there isgantuneed to conduct more
studies, similar to this one, to assess the extent to which ceutiia have achieved
significant decline in malaria transmission are also obserViagges in individual behaviour
and knowledge. Second, multidisciplinary assessments that combine ajiventénd
gualitative data, utilizing theories of health behaviour and theorikemfledge, are needed
to inform and optimize efforts of national malaria control progres and ultimately
contribute to sustained reductions in malaria transmission.
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