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Abstract

Background: Historically, environmental management has brought important achievements in
malaria control and overall improvements of health conditions. Currently, however,
implementation is often considered not to be cost-effective. A community-based environmental
management for malaria control was conducted in Dar es Salaam between 2005 and 2007. After
community sensitization, two drains were cleaned followed by maintenance. This paper assessed
the impact of the intervention on community awareness, prevalence of malaria infection, and
Anopheles larval presence in drains.

Methods: A survey was conducted in neighbourhoods adjacent to cleaned drains; for comparison,
neighbourhoods adjacent to two drains treated with larvicides and two drains under no
intervention were also surveyed. Data routinely collected by the Urban Malaria Control
Programme were also used. Diverse impacts were evaluated through comparison of means, odds
ratios (OR), logistic regression, and time trends calculated by moving averages.

Results: Individual awareness of health risks and intervention goals were significantly higher among
sensitized neighbourhoods. A reduction in the odds of malaria infection during the post-cleaning
period in intervention neighbourhoods was observed when compared to the pre-cleaning period
(OR =0.12,95% Cl10.05-0.3, p < 0.001). During the post-cleaning period, a higher risk of infection
(OR = 1.7, 95% CI 1.1-2.4, p = 0.0069) was observed in neighbourhoods under no intervention
compared to intervention ones. Eighteen months after the initial cleaning, one of the drains was
still clean due to continued maintenance efforts (it contained no waste materials and the water was
flowing at normal velocity). A three-month moving average of the percentage of water habitats in
that drain containing pupae and/or Anopheles larvae indicated a decline in larval density. In the other
drain, lack of proper resources and local commitment limited success.

Conclusion: Although environmental management was historically coordinated by authoritarian/
colonial regimes or by industries/corporations, its successful implementation as part of an
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integrated vector management framework for malaria control under democratic governments can
be possible if four conditions are observed: political will and commitment, community sensitization
and participation, provision of financial resources for initial cleaning and structural repairs, and
inter-sectoral collaboration. Such effort not only is expected to reduce malaria transmission, but
has the potential to empower communities, improve health and environmental conditions, and
ultimately contribute to poverty alleviation and sustainable development.

Background

The World Health Organization (WHO) defines environ-
mental management (EM) for vector control as "The plan-
ning, organization, carrying out and monitoring of activities for
the modification and/or manipulation of environmental factors
or their interaction with man with a view to preventing or min-
imizing vector propagation and reducing man-vector-pathogen
contact" [1]. EM is not a replacement of other interven-
tions, but one of several optional components that will
make up an integrated vector management (IVM)
approach in a vector control programme [2-4]. Indeed,
mathematical models of malaria transmission indicated
that integrated control programs that combine multiple
interventions are more likely to succeed than programs
that promote only one intervention [5,6]. Historically, EM
has brought important achievements in malaria control
and overall improvements of health conditions [7-11]. It
made possible the construction of the Panama canal, the
rubber production in Malaysia, and copper mining in
Zambia, to name a few. Unsuccessful EM interventions
were largely a consequence of inadequate planning and
implementation (e.g., intervention in Mian Mir, India)
[12]. The golden age of EM was prior to World War II and
this coincided with authoritarian/colonial regimes or was
related to industries/corporations. In such settings,
human, technical, and financial resources were not a con-
straint. This is a sharp contrast with current realities in
malaria-endemic countries, where resources are scarce
and inter-sectoral (e.g., public health, engineering, and
urban planning) cooperation and coordination is diffi-
cult. The post-war development of powerful chemical
tools has contributed dramatically to this fragmentation
[13,14]. Therefore, the challenge is to show how to cur-
rently promote sustainable and cost-effective EM within
an IVM approach run by democratic governments.

Some past EM efforts were discontinued with the onset of
the Eradication Campaign in the late 1950s [13]. The
focus on indoor residual spraying (IRS) with DDT was
supported by mathematical models of malaria that indi-
cated the potential impact of reducing the longevity of
mosquitoes, p, on the basic reproduction rate, R, — a meas-
ure of transmission potential that indicates the expected
number of secondary infections caused by the introduc-
tion of an infectious individual in a susceptible popula-
tion [15]. EM, however, focuses on breeding source

reduction and therefore impacts mosquito density, m (or
the number of mosquitoes per person) [15,16]. Mathe-
matically, a reduction in m also impacts R, but not with
the same magnitude as a reduction in p, assuming other
parameters are held constant. The impact of past control
efforts in Africa has been empirically assessed and sug-
gested that EM did reduce mosquito biting rate, but also
increased mosquito mortality because of longer time
spent foraging for oviposition after source reduction [17].
Therefore, EM has the potential to impact both p and m,
resulting in reductions in R,, and declines in the entomo-
logic inoculation rate, EIR - a measure of transmission
intensity that indicates the number of infective bites per
person per year [6,17].

In Dar es Salaam, Tanzania, EM activities commenced
during the colonial period and were continued briefly
after independence [18-22]. Positive achievements suf-
fered a major setback in 1972, when adverse economic
conditions resulted in deterioration of the health system.
Maintenance of drains was nonexistent; water flow was
blocked by silt, vegetation, and waste, favouring the
occurrence of flooding, and offering ideal conditions for
mosquito breeding [23]. Meanwhile, rapid urban growth
characterized by lack of access to sanitation and safe
drinking-water, precarious housing, overcrowding, and
inefficient waste collection added yet another layer of
challenges for vector control. It is estimated that in Dar es
Salaam 70% of the population lives in unplanned settle-
ments [24]. Most are not accessible by motor vehicles,
hampering waste collection. Currently, approximately
50% of all refuse daily generated is not collected; it accu-
mulates on the ground, eventually flowing into drains
and rivers. The network of drains in Dar es Salaam repre-
sents a major risk for malaria transmission: in 2005-06,
47% of all water habitats with pupae and/or Anopheles lar-
vae mapped in 15 wards of the city were drains.

A partnership between the Japan International Coopera-
tion Agency (JICA), the National Malaria Control Pro-
gramme (NMCP), and the Urban Malaria Control
Programme (UMCP) planned and implemented a pilot
intervention of community-based EM of Anopheles breed-
ing sites in Dar es Salaam in 2005-07 [25]. The NMCP
expected to obtain scientific evidence of the feasibility and
impact of EM, and specific operational protocols of EM
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implementation and community sensitization that could
guide future malaria vector control as part of an IVM
approach [2,3]. The intervention comprised three phases:
(i) initial assessment of drains, (ii) community sensitiza-
tion and drain cleaning, and (iii) evaluation. Phase I
(planned and executed between June 2005 and December
2006) aimed at providing a comprehensive description of
drains located in wards targeted by the UMCP (Figure 1).
A total of 107.6 km of drain segments were surveyed: 51%
contained solid waste and sand, 13% had normal water
flow, 1% had on-going maintenance efforts, 38% had his-
tory of flooding, and in 24% the water was stagnant [26].
After this initial assessment, two drains (Figure 1) were
selected for a pilot EM intervention (planned and exe-
cuted between November 2006 and March 2007). Selec-
tion criteria were: (i) located in areas without larviciding
spraying; (ii) high potential for Anopheles breeding; (iii)
connected to a river; (iv) history of flooding; (v) small
ward; (vi) age of the drain; and (vii) not part of an intri-
cate network of connecting drains. The first, Suna, located
in Magomeni ward, Kinondoni Municipality, extends to
2.1 km flowing into Ng'ombe River, and runs through
administrative units (called tencell units - TCUs) with an
estimated population of 35 thousand people. The second,
Aziz-ali, located in Mtoni and Miburani wards, Temeke
Municipality, extends 1.7 km flowing into Yombo River,
and runs through TCUs with an estimated population of
60 thousand [27].

Drain cleaning activities were planned in a participatory
manner involving community members, and city, munic-
ipal and ward representatives; no work was executed
before community evaluation. Initial cleaning was per-
formed by a contractor, and 90% of the hired workforce
lived in the community. Activities also included grass cut-
ting and minor repairs (e.g., slab replacement). Aziz-ali
drain was cleaned in January 2007, and Suna drain in Feb-
ruary/March 2007. The latter required the use of an exca-
vator due to the poor conditions of the river. Community
sensitization aimed at providing information on malaria
transmission and EM activities. It was conducted through
community leaders' seminars (18 seminars, 550 people),
mass meetings (10 meetings, 4,000 people), and house-
to-house visits (85,042 people from March-August 2007).
A comprehensive description of the community-based EM
activity protocol was assembled in a manual, which will
serve as a guide for future EM work in Tanzania [27].
Maintenance of drains cleaned in Phase II was transferred
to the municipalities in November 2007.

The underlying hypothesis is that by conducting EM in a
community participatory manner, followed by continued
maintenance, there would be an increase in local aware-
ness, a reduction in flooding during the rainy season, the
flow of water in the drain would be restored, and the
number of Anopheles breeding sites reduced. In this paper,

http://www.malariajournal.com/content/8/1/57

an evaluation of the pilot community-based EM interven-
tion in Dar es Salaam is presented, including an assess-
ment of the impact that EM activities had on the
prevalence of malaria infection in the immediate neigh-
bourhood where drains were cleaned, and an appraisal of
the presence of Anopheles larvae in the drains. Also, the
role of sensitization on community awareness and will-
ingness to take part on EM activities was assessed. Finally,
administrative procedures and budget allocation for EM
maintenance activities in each municipality, which can
plausibly contribute to the success and sustainability of
the intervention, were investigated.

Methods

Data sources

To assess the impact of the EM intervention, a cross-sec-
tional study was conducted in six sites between July 2007
and July 2008. Each site included TCUs neighbouring a
drain. Selection of sites aimed at facilitating the compari-
son of three different scenarios: EM (two drains cleaned in
Phase II), LVC - use of larviciding since March 2006 (two
sites), and NO - no intervention (two sites). Selection cri-
teria for the last two scenarios were: (i) drain with high
potential for Anopheles breeding; (ii) history of flooding;
(iii) not part of an intricate network of connecting drains;
and (iv) age of the drain. Although sites that are perfect
replicates regarding social and environmental characteris-
tics cannot be selected, all study sites had unpaved roads,
equivalent house quality, faced equal waste collection
challenges, and time lived in the house averaged eight
years. Baseline data collected by the UMCP [28] prior to
the EM intervention indicated that the prevalence of
malaria infection in TCUs surrounding selected drains in
all six sites were similar and ranged from 10.2-12%
among all age groups. In order to show a 60% reduction
in infection after the EM, the intervention required a sam-
ple size of 259-309 subjects, considering a 95% signifi-
cance level and 80% power. A 300-sample size in each site
was set up as a target.

Sites were visited every other month to account for rainfall
seasonality. For each survey round, 75 houses were spa-
tially randomly selected based on a 2002 Quickbird satel-
lite image. In each house, four people were invited to
participate in the survey (two adults and two children),
according to the following criteria: (i) adults: older than
15 and younger than 55, and lived in the house for more
than one year; if more than two candidates, the following
decisive factors were used: head of the household, lived in
the house for the longer period of time, alphabetical order
(first name); (ii) children: aged 15 or younger, and lived
in the house for more than one year; if more than two can-
didates, the following decisive factors were used: youngest
child, lived in the house for the longer period of time,
alphabetical order (first name). A total of 9,070 interviews
were performed (Table 1): 51% adults and 49% children
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Urban Malaria Control Programme (UMCP) targeted area and drains selected for pilot community-based
environmental management intervention. A. UMCP-targeted wards where a survey to assess drain conditions was con-
ducted. Two drains selected for a pilot community-based environmental management intervention are circled in red. B. Suna
Drain, located in Magomeni ward. C. Aziz-ali Drain, located in Mtoni and Miburani wards. In both B and C, the background is a
Quiickbird satellite image taken in 2002. Since that year, significant house construction occurred near Magomeni ward.
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(18% below 5 years and 31% aged 5-15). Operational
problems during survey round 1 required further data col-
lection of half of the sample in July 2008.

Individual human subjects were informed about survey
goals and invited to participate. Upon agreement,
informed consents were signed, a questionnaire
answered, and finger prick blood samples collected. Three
different questionnaires were developed for each site type,
but a core set of questions related to demographic charac-
teristics, recent malaria infection, perception regarding
presence of waste in drains, and willingness to participate
in EM community efforts were common to all. Malaria
parasites were identified by species using thin smears [29].
The Medical Research Coordination Committee of the
National Institute of Medical Research in Tanzania and
the Tanzanian Commission of Science and Technology
provided ethical clearance for the study.

To assess prevalence of malaria infection and larval pres-
ence prior to July 2007, larval and parasitological data
routinely collected by the UMCP [28] were used. Informa-
tion on costs of EM activities was obtained from JICA and
from the municipalities. The latter also provided data on
administrative procedures for EM maintenance activities.
Information on the phased use of larviciding was
obtained, which might affect the temporal trend in preva-
lence of infection: in April 2008 the UMCP started to
spray larvicides in all six survey sites. Lastly, data on
monthly rainfall were obtained from the Tanzania Mete-
orological Agency.

Statistical analysis

Survey data allowed the assessment of awareness and will-
ingness to participate in EM activities. Differences in pro-
portions of people aware of control interventions in EM
and LVC sites were tested. For all three site types, differen-
tial attitudes towards participation in EM initiatives were
appraised.

http://www.malariajournal.com/content/8/1/57

Survey and UMCP data were combined to generate a data-
base comprising information on prevalence of infection
for 2005-2008 for all six study sites. Information on rain-
fall was added to control for the seasonal pattern of
malaria transmission. A time series of prevalence of
malaria infection rates for the study sites was assembled,
and Clopper-Pearson binomial confidence intervals for
the rates were calculated. The variable age was grouped
into three categories (below 5, 5-15, and above 15) to
reflect differences in malaria risk by age. In order to assess
the impact of the EM intervention in the prevalence of
infection, unadjusted odds ratio (OR) of malaria infection
before and after drain cleaning, and in each site type after
cleaning were calculated. OR adjusted for rainfall, bed net
use, age, and larviciding use after April 2008 were also
computed. A stepwise logistic regression (backward selec-
tion, p = 0.2) for the presence of malaria infection includ-
ing terms for period of intervention, bed net use, age,
rainfall, larviciding use, type of site, and an interaction
term for age-time of intervention was calculated to test for
heterogeneity in the effect of EM activities.

Routine UMCP larval data (January 2005-December
2007) were used to obtain a monthly time series of the
percentage of water habitats found in drains targeted with
EM that contained pupae and/or Anopheles larvae. A three-
month moving average was used to extract the time trend
observed in each drain, and the slope (and confidence
interval) of the trend after cleaning was calculated.

Results

The analyses show significant impacts of community sen-
sitization. In EM sites, 96% (95% CI 95-97) of the resi-
dents knew about cleaning activities, mostly
communicated in meetings or by TCU leaders, 56% (95%
CI 54-59). In LVC areas, where larviciding commenced in
March 2006, 88% (95% CI 86-90) were aware of the con-
trol efforts, but mainly because the sprayman was seen at
work (64%; 95% CI 61-66). The declared willingness to

Table I: Participants in the evaluation survey by site type and round of interview.

Survey Round EM LvC NO Total
Adults Children Adults Children Adults Children
| = Jul/Oct 2007 299 299 143 130 290 | 1,162
2 — Nov/Dec 2007 300 207 204 201 301 300 1,513
3 — Jan/Feb 2008 300 301 393 394 300 303 1,991
4 — Mar/Apr 2008 298 303 297 300 294 301 1,793
5 — May/Jun 2008 299 295 215 301 297 304 1,711
6 — Jul 2008 143 159 150 150 139 159 900
Total 1,639 1,564 1,402 1,476 1,621 1,368 9,070

Two interviewers left the study without notice in survey round |, which delayed the planned schedule. In some houses there were not 4 individuals

matching selection criteria.
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participate in efforts to clean drains did not reveal signifi-
cant differences for LVC and NO sites (average of 75%). In
EM sites, however, 23% reported using tools available at
the ward office to clean the drain, while 52% indicated no
use due to lack of proper skills, and 15% were not willing
to participate unless financial incentives were provided.
Although more than 200 community members worked
voluntarily in group efforts organized during initial clean-
ing, unpaid individual effort on a continued basis is not
feasible, as previously reported [30]. Results also indicate
that sensitization improved community's perception on
the benefits of drain cleaning. Significant differences
between LVC and EM sites raise questions about people's
ability to respond to health risks at individual and com-
munity levels: while 61% (95% CI 59-64) of those tar-
geted by sensitization (EM sites) believed that drain
cleaning could reduce the number of mosquitoes, in LVC
only 30% (95% CI 28-33) had this perception.

Regarding the prevalence of malaria infection, a signifi-
cant reduction in the unadjusted OR of infection during
the post-cleaning period (after January 2007) was
observed in EM sites, when compared to the pre-interven-
tion period (2005-2006), 0.23 (95% CI 0.14-0.38, p <
0.001). When adjusted for age, rainfall, bed net use, and
larviciding spray after April 2008 the OR were 0.12 (95%
CI 0.05-0.3, p < 0.001). Such impact compares in magni-
tude with positive results of EM summarized by a recent
systematic review and meta-analyses [11]. A decline in the
risk of infection was also observed in LVC sites, but not
significantly different from that recorded in EM sites. The
additional effect of larviciding use in EM sites during
April-July 2008 was not assessed, since these were dry
months and therefore did not capture seasonal effects in
malaria risk. Comparison of sites during the post-inter-
vention period also suggested a positive impact of EM
activities: while unadjusted OR of malaria infection did
not show significant differences between EM, LVC and
NO sites, when adjusted for age, rainfall, bed net use, and
larviciding spray after March 2008, NO sites had a higher
risk of infection (OR = 1.7, 95% CI 1.1-2.4, p = 0.0069)
when compared to EM sites.

Stepwise multivariate logistic regression revealed higher
OR among children aged 5-15 (OR = 2.3, 95% CI 1.6-
3.3, p < 0.001) than those younger than five years (OR=
1.6, 95% CI 1.0-2.4, p = 0.047) compared to adults.
Although this age pattern had been reported in other areas
[31], it may be a result of the better representation of older
children in the sample: 64% (n = 2,819) of all children
surveyed were aged 5-15. No significant differences
regarding bed net use among these two age groups were
observed, and the higher OR among older children was
not significant in univariate analysis. The addition of an
interaction term in the logistic model showed no evidence
of differences in the effects of EM activities by age.

http://www.malariajournal.com/content/8/1/57

Regarding the presence of larvae, a three-month moving
average of the percentage of water habitats in drains contain-
ing pupae and/or Anopheles larvae showed that larval density
in Aziz-ali drain declined after EM activities (January 2007),
while Suna drain did not improve (Figure 2). Slope of the
temporal trends after cleaning confirmed the contrast: 0.7
(95% CI 0.1-1.3) for Aziz-ali, and -3.6 (95% CI -[4.5-2.8])
for Suna. On-site inspections reported excellent conditions
in Aziz-ali, while Suna resembled conditions observed dur-
ing the pre-cleaning period. This raises the question: was the
lack of impact in larval density in Suna drain accompanied
by unchanging or increasing prevalence of infection? Results
show that the prevalence of infection after cleaning was not
significantly different in these two drains, but bed net use sig-
nificantly increased in the Suna area from 86% (95% CI 82—
90) before the EM intervention to 98.7% (95% CI 98-99)
afterwards, the largest bed net use among all studied sites
throughout the survey period.

With respect to costs, US$ 30,800 was spent during the
initial massive cleaning in Temeke (US$ 18/meter), and
UusS$ 23,000 (US$ 11/meter) in Kinondoni. These costs
could have been higher if major structural repairs were
necessary; maintenance, however, can be performed at
very low costs [32,33]. Each municipality has the auton-
omy to allocate funds, and an important difference was
observed in the maintenance protocol. Temeke munici-
pality assigned US$ 5,150 (US$ 3/meter) per year for
maintenance activities (personnel and equipment) under
the Council Comprehensive Health Plan (CCHP); 8 peo-
ple were hired in the community (community owned
resource person - CORP) for the task, working 18 days per
month, with a small payment of US$ 3/day. Kinondoni
municipality, however, allocated only US$ 2,536 (US$
1.5/meter), and placed the activity under the responsibil-
ity of the Engineering Department; funds were exhausted
in six months, and lack of links between the health and
the engineering sectors, coupled with poor commitment,
resulted in unsuccessful activities in Kinondoni. Combin-
ing initial cleaning and maintenance costs in Temeke over
one year, the cost per resident in TCUs adjacent to the
drain was US$ 0.60. However, this indicator did not
account for costs related to the community sensitization
activities, capital costs (e.g., vehicles and building space),
some recurrent costs (such as operating costs of vehicles
and buildings), and short-term experts/advisors. A com-
prehensive cost analysis and cost-effective analysis of the
EM pilot intervention is currently being undertaken, uti-
lizing standard methodology [34-36]. Results will provide
much needed evidence regarding the cost-effectiveness of
community-based EM interventions undertaken in urban
Africa, and will facilitate comparison between EM and
other vector control strategies.

In a scenario where governmental sectors are often com-
peting for scarce financial resources, maintenance EM
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Figure 2

Rainfall and temporal trend of the percentage of water habitats in drains targeted with community-based envi-
ronmental management that contained pupae and/or Anopheles larvae from 2005 to 2007. Data are from the Tan-
zania Meteorological Agency (Rainfall) and the UMCP routine larval inspection. The time trend was obtained by calculating a 3-
month moving average of the percentage of water habitats in drains that contained pupae and/or Anopheles larvae from Jan/

2005 to Dec/2007.

activities launched by the health sector are seen solely as a
health intervention. Implications of these activities to
other sectors are neglected and cooperative initiatives
inexistent. The unsuccessful maintenance efforts in
Kinondoni may reflect this problem - the importance of
EM activities was overlooked, resulting in under alloca-
tion of resources and precarious monitoring. Alternative
institution arrangements that recognize the importance of
multidisciplinary work have the potential to mitigate this
problem [37], as discussed next.

Discussion

Historically, EM has brought important achievements in
malaria control and overall improvement of health condi-
tions [7-10]. A recent community-based EM initiative in
Dar es Salaam aimed at establishing protocols for EM
implementation and at providing scientific evidence of its
feasibility. Results showed an enhancement in people's

perception about the risk of dirty and blocked drains, 88%
decrease in the odds of malaria infection, and a decline in
the larval/pupae presence in one of the treated drains.
These results were observed during an evaluation assess-
ment commenced 4-6 months after the initial drain
cleaning, and conducted over a 13-month period.

The choice of outcome indicators needs further discus-
sion. While there is evidence that EM can impact both the
density and the longevity of mosquitoes, and therefore
reduce the EIR and R, [6,17], translation of these impacts
into disease outcomes, such as the prevalence of malaria
infection, is not straightforward [38]. Although the litera-
ture on mathematical models of malaria is extensive and
still growing, a comprehensive (and therefore multidisci-
plinary) framework that is spatially explicit, able to repre-
sent transmission at the local level, and that relates
different outcome indicators is yet to be designed. In Dar
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es Salaam, the EIR observed over a period of two years
(April 2005 to March 2007) was 1.33 infectious bites per
person per year for the average resident — 1.00, 0.13 and
0.20 infectious bites per person per year for An. gambiae,
An. funestus and An. coustani, respectively [39]. The preva-
lence of malaria infection was weakly related to locally
measured EIR, except for the age group 0-5 years of age
[39]. Other non-entomological factors impact levels of
prevalence, and further research is needed in order to
improve understanding of how these factors mediate the
relationship between EIR and prevalence. The pilot com-
munity-based EM intervention did not collect informa-
tion on EIR because of operational difficulties. Routine
UMCP monitoring activities indicated that available mos-
quito traps were not sufficiently sensitive to low Anopheles
density observed in Dar es Salaam, and therefore human
landing catch (HLC) was the most suitable approach for
adult mosquito surveys [40]. Among the 330 houses rou-
tinely monitored by the UMCP through HLC, only one
was located within the TCUs adjacent to Suna drain and
only three within TCUs adjacent to Aziz-ali drain. There-
fore, there was not sufficient information to represent the
intensity of malaria transmission in the EM sites prior to
the intervention. In addition, considering the very low
levels of EIR observed in the wards monitored by the
UMCP, a large sample size would be required in order to
detect significant variations in the intensity of malaria
transmission. Also, malaria transmission in urban areas is
likely to be focal since the dispersal of Anopheles in areas
with high human population density tends to be no more
than a few hundred meters from breeding sites [41]. Con-
sequently, reducing the density of mosquitoes is expected
to directly impact disease outcomes. Therefore, we chose
to utilize the prevalence of malaria infection, controlling
for the potential impact of rainfall, bed net use, age, and
use of larviciding. Although these variables do not
account for all possible factors that impact overall levels
of prevalence, results from the analysis of all six selected
sites (which had similar prevalence levels before EM activ-
ities) are expected to provide initial evidence of the impact
of the pilot EM community-based intervention.

Considering the chosen outcomes, positive impacts fol-
lowing EM activities raise questions regarding the quality
of data. Quality check was conducted on a 10% sample of
blood slides at the Muhimbili University of Health and
Allied Sciences - MUHAS (a centre of excellence in labo-
ratory analysis), indicating a 94.5% specificity rate and
95.7% sensitivity rate. Cleaning of survey data was con-
ducted at the end of every survey round. Less than 1% of
the questionnaires had problems with missing or incon-
sistent answers, and there were no missing data on blood
test results and age. Bias on the sample is unlikely, since
selection of individuals in each house was made by the
interviewers, and not determined by residents. With
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respect to larval data, quality has improved since 2006
[28]. Misclassification of water habitats is unlikely, since
drains are distinctive features in the landscape.

Considering that data quality is not an issue, the analysis
of the impact of EM activities raises two questions. First,
can the successful EM activities in Aziz-ali drain be sus-
tained over time? Commitment of medical officers in
Temeke municipality facilitated proper and continued
maintenance. A proposal to increase the budget for drain
cleaning by CORPs in the next fiscal year has been submit-
ted by the municipality (yet to be approved). Implemen-
tation of EM activities on a community-basis empower
local residents, develops a sense of ownership, improve
environmental responsibility among the population, and
do not impose further constraints to the currently insuffi-
cient health staff [42]. However, the implementation of
sensitization/education programmes needs to be con-
ducted on a regular basis and with a larger coverage. For
example, part of the waste currently removed from the
Aziz-ali drain comes from the river; a result of improper
disposal in other areas of the city. Therefore, programmes
that inform the community and contribute to behaviour
change to promote better and healthier environments are
crucial [43,44]. Such programmes could be articulated in
a collaborative manner between the government and var-
ied institutions. For example, a partnership with the Dar
es Salaam University (involving areas such as Engineering,
Biology, Sociology, Anthropology, Economics, and Geog-
raphy) could provide human resources for research,
implementation, and monitoring of programmes, and
stimulate capacity building of much needed professionals
that could, in the future, be absorbed into health-related
activities. Also, non-governmental organizations (NGOs),
already very active in Tanzania [45], could work with the
Dar es Salaam City Council and community leaders
toward establishing a programme agenda with clear goals
to be achieved and indicators to be monitored.

Regarding legal aspects, the current legislation qualifies as
a public offense for the occupant of a plot to allow mos-
quito breeding sites to develop in their land [46]. Viola-
tions result in payment of fees starting at approximately
UuS$ 625, depending on the gravity of the problem.
Enforcement of the law, however, is far from ideal, but
could be improved through sensitization/education pro-
grammes that increase local awareness and result in indi-
vidual and collective (peer-pressure) behaviour change.

In addition, a critical issue for sustainability is the need to
build bridges between sectors that currently tend to work in
isolation, such as engineering, waste management, and
public health [37]. Deficient waste management imperils
the functioning of drains, contaminates groundwater [47],
and limits positive achievements of a sensitization pro-
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gramme. A concerted effort fostering inter-sectoral linkages
has the potential to address the challenges of a fast growing
city and enhance the healthy conditions of its inhabitants.
Those challenges involve sectors such as agriculture (irriga-
tion practices that impact the number of aquatic habitats
for mosquito breeding), transportation (road construction
that favour the development of small and temporary breed-
ing sites), energy (mining and hydroelectric projects that
often increase mosquito density), urban planning (build-
ing construction and selection of new areas for settlement),
waste management, and engineering. Mechanisms to foster
inter-sectoral linkages are still at primitive stages. Yet, alter-
natives need to be evaluated. Engineers can work with
health officials to devise approaches to reduce water habi-
tats and improve housing conditions [48]. Several NGOs
promote programmes that focus on installing fresh water
and sanitation facilities, and training local personnel in the
technology skills and maintenance. Potential positive
health impacts of these programmes, however, are not reg-
istered in international health statistics, as there is no sys-
tematic connection between the NGOs and the health
community [37]. The Tanzania Essential Health Interven-
tions Project (TEHIP) was a major step toward repairing
and maintaining health systems at the district level [49].
The addition of a multidisciplinary team of professionals
(sanitary engineer, hydrologist, and urban planner) to the
health system staff would maximize TEHIP's positive bene-
fits by improving the quality and diversity of the available
information for evidence-based planning [37,50]. Also,
much of the construction and large-scale development
projects do not properly assess and implement action to
mitigate the negative impacts these projects can have on
health [37,51,52]. There is a need to improve policies and
legislation that require health impact assessments (HIAs)
prior to the construction of such projects, and that enforce
actions to guarantee that the health conditions of the
impacted populations will not be deteriorated. Although
development banks (e.g., World Bank) and some specific
countries have imposed regulations that require environ-
mental impact assessments, HIAs are often not addressed.
Critical to the major goal of fostering inter-sectoral link-
ages, however, is the need to build local capacity. Currently,
most malaria endemic countries lack the local expertise to
establish a multidisciplinary team to plan, implement,
monitor and evaluate control interventions. Professionals
qualified as malaria engineers, which used to be part of the
health sector staff until the early 1970s, are not available
and new ones are not being trained. If HIAs were to become
a requirement, the health sector would lack qualified per-
sonnel to evaluate them. Indeed, the need for capacity
building and for inter-sectoral collaboration are two of the
characteristics of an IVM framework [2,3].

The second question is: Can EM activities be scaled-up?
Unplanned areas would certainly benefit from commu-
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nity-based EM activities. The operational procedures used
in the pilot intervention have been documented and can
be replicated to other areas [27]. However, a word of cau-
tion is needed. First, EM should not be implemented in
isolation, but embedded in an IVM framework of vector
control. Second, some drains require engineering work:
inappropriate slope and structural erosion will hamper
normal water flow even after massive cleaning (monitor-
ing the demand for such work could be improved by the
incorporation of an engineer to the NMCP team). In areas
close to roads, drains have covered segments that will
entail special cleaning machinery. Waste collection
improvement is imperative to reduce refuse accumula-
tion. That demands the acquisition of additional garbage
trucks and handcarts. For example, Temeke municipality
has five trucks, each able to perform four daily trips to the
city dumping site, when in perfect conditions. Still, 63%
of the total refuse generated daily remains uncollected. In
such a scenario, maintenance activities could be under-
taken by the city if proper coordination and commitment
is in place, as observed in Aziz-ali drain. Non-expensive
alternatives, such as the placement of sandbags in the
banks of the drain to increase stability, can be undertaken
with community involvement, as already observed in
some locations. However, prior to maintenance, scaling-
up EM activities will require resources for initial massive
cleaning and structural repairs that the city is not likely to
afford without donor support.

The National Malaria Medium Term Strategic Plan for
2008-2013 was developed by the Tanzania Ministry of
Health and Social Welfare in line with the new call for
malaria elimination. One of the strategic components of
the plan is an IVM framework combining the use of insec-
ticide-treated nets (ITNs), indoor residual spraying (IRS),
EM, and larviciding. The country, however, lacks about 2/
3 of the necessary financial resources to implement the
strategic plan in its totality. The Millennium Development
Goals (MDG) working group on malaria included EM as
one of interventions for malaria vector control, and sug-
gested the promotion of community participation as one
of the critical issues for priority action [53]. Despite
MDG's recommendations, funding for EM activities is
scarce. The Global Fund and the President's Malaria Initi-
ative (PMI) tend to focus on IRS, ITNs, and drug therapies.
Large private donors prioritize new discoveries/technolo-
gies (e.g., vaccines). The recent call for malaria elimina-
tion is expected to result in changes in the selection of
interventions, and additional research into uses of EM in
varied settings is listed as necessary for improving vector
control [54].

The survey did not assess EM impacts on other diseases.
However, it is likely that the benefits would not be
restricted to malaria. EM also has the potential to mitigate
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the incidence of diseases such as cholera and diarrhoea. In
addition, EM can maximize the cost-effectiveness of other
interventions (e.g., less amount of larvicide would be
needed if mosquito breeding habitats located in drains
were reduced). Donor support for initial massive drain
cleaning and rehabilitation (especially in unplanned set-
tlements), for preparation of community sensitization
materials, and for increase in the number of garbage
trucks is needed as part of a consorted effort toward the
improvement of health and environmental conditions in
the city. The Urban Sector Rehabilitation Project — USRP
(1997-2004) and the Community Infrastructure Upgrad-
ing Programme - CIUP (2005-2008) are recent projects
financed by the World Bank that included drainage con-
struction [55,56]. However, coverage was restricted and
health improvement was not an explicit goal.

Conclusion

Results presented in this article provide initial evidence of
the feasibility of EM for urban malaria control; they are
based on a small-scale intervention that demands contin-
ued follow-up for a long-term evaluation of its sustaina-
bility, and that requires a detailed cost analysis. Still, after
approximately 18 months of its implementation, the EM
intervention revealed important lessons. The analyses sug-
gested that four elements are needed for successful EM in
democratic regimes: political will and commitment, com-
munity sensitization and participation, provision of
financial resources for initial cleaning and structural
repairs, and inter-sectoral collaboration. Failure to accom-
plish any of these four elements is likely to result in non-
sustainable EM activities. The results here presented will,
hopefully, foster discussions regarding community-based
EM interventions, and catch the attention of donors on
ways to promote activities that, at the same time,
empower communities, improve health and environmen-
tal conditions, and ultimately contribute to poverty allevi-
ation and sustainable development, as stated in the
Agenda 21 [57].
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