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Abstract

Background: Biological control methods are once again being given much research focus for
malaria vector control. This is largely due to the emerging threat of strong resistance to pesticides.
Larvivorous fish have been used for over 100 years in mosquito control and many species have
proved effective. In the western Kenyan highlands the larvivorous fish Oreochromis niloticus L.
(Perciformes: Cichlidae) (formerly Tilapia nilotica) is commonly farmed and eaten but has not been

previously tested in the field for malaria mosquito control.

Methods: This fish was introduced into abandoned fishponds at an altitude of 1,880 m and the
effect measured over six months on the numbers of mosquito immatures. For comparison an
untreated control pond was used. During this time, all ponds were regularly cleared of emergent
vegetation and fish re-stocking was not needed. Significant autocorrelation was removed from the
time series data, and t-tests were used to investigate within a pond and within a mosquito type any
differences before and after the introduction of O. niloticus. Mulla's formula was also used on the

raw data to calculate the percentage reduction of the mosquito larvae.

Results: After O. niloticus introduction, mosquito densities immediately dropped in the treated
ponds but increased in the control pond. This increase was apparently due to climatic factors.
Mulla's formula was applied which corrects for that natural tendency to increase. The results
showed that after |15 weeks the fish caused a more than 94% reduction in both Anopheles gambiae
s.l. and Anopheles funestus (Diptera: Culicidae) in the treated ponds, and more than 75% reduction
in culicine mosquitoes. There was a highly significantly reduction in A. gambiae s.l. numbers when

compared to pre-treatment levels.

Conclusion: This study reports the first field trial data on O. niloticus for malaria mosquito control
and shows that this species, already a popular food fish in western Kenya, is an apparently
sustainable mosquito control tool which also offers a source of protein and income to people in
rural areas. There should be no problem with acceptance of this malaria control method since the

local communities already farm this fish species.
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Background

Mosquito control relies heavily on synthetic pyrethroids.
Concern about the threat of strong forms of resistance [1]
has stimulated renewed interest in alternative control
methods including biological control and biopesticides.
At present these methods are only operational against
mosquito immatures [2-5], the best known being the use
of Bacillus thuringiensis var. israelensis (Bti). Bti is effective
against mosquito larvae [5] but cannot control the pupal
stage, frequent repeat applications are needed [6] and it is
expensive. Another biocontrol method, the use of larvivo-
rous fish in appropriate water bodies, has been used in
mosquito control for over 100 years [7] and can also be
effective [2,8-10]. However, larvivorous fish offer advan-
tages when compared to Bti. Fish feed on mosquito pupae
and are generally self-sustaining, so in most cases do not
require repeat applications. One disadvantage is that lar-
vivorous fish can only be used under certain conditions
conducive to their survival.

Almost 200 fish species are known to feed on mosquito
larvae [11]. Oreochromis niloticus L. (Perciformes: Cichli-
dae) (formerly Tilapia nilotica) is a native African fish pos-
sessing mosquito control properties known since 1917
[12]. To our knowledge though, no field data has been
published on its use for mosquito control. Under labora-
tory conditions this fish species has been shown to be lar-
vivorous [13] with a 'marked interest in mosquito larvae'
[8]. The fry actively pursue mosquito immatures [14]
however when greater than 150 mm in length they prefer
eating macrophytes [15]. Therefore, larger fish eat the
plant material in which the mosquito immatures hide,
allowing the fry to find them.

This fish species, commonly farmed by people in western
Kenya as a source of protein and income, is a prolific
breeder spawning every few weeks.

This study reports the first field trial data using O. niloticus
for mosquito control. We found that abandoned (fish
absent) fishponds had alarmingly high mosquito larval
densities when compared to fishponds still containing
fish (Howard et al, manuscript in review). We therefore
investigated the long-term impact on mosquito densities
of introducing O. niloticus into abandoned fishponds.

Methods

Study area

The study area was in Kisii Central District of western
Kenya. The intervention site is 00°42 S, 34°46 E, at an ele-
vation of 1,880 m above sea level with a population den-
sity of >1,000 people per km2[16].

Malaria in the area is endemic but highly seasonal with
>2,000 paediatric cases annually in the district hospital
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[17]. The primary malaria vectors in the area are Anopheles
gambiae s.1. and Anopheles funestus Giles.

Rainfall averages over 1,500 mm annually with two wet
seasons (February to June and September to November)
and the mean annual maximum and minimum tempera-
tures are 24°C and 14°C respectively [16]. Climatic data
for the study period was obtained from the Kenya Agricul-
tural Research Institute and is shown in Figure 1.

Field intervention

The site has three abandoned fishponds within 150 m of
each other. Pond A (104 m2) served as the untreated con-
trol and ponds C (128 m2) and D (72 m2) assigned for
stocking with O. niloticus; each pond had a depth of 30
cm. These fishponds had been re-constructed under the
instruction of a Fisheries Department (FD) officer.

Entomological assessments were carried out by taking five
larval dips (2.5 litres total volume) randomly from the
edges of each pond, with at least one dip from each side.
These assessments were carried out 5-7 days a week and
began on the 15t October 2003. Anophelines and culicines
were distinguished, with anophelines identified to species
level using a morphological key [18].

On the 14th January 2004 one to two month old O. niloti-
cus from the local FD hatchery in Kisii town were stocked
in ponds C and D at a rate of two per m?2 pond surface
area. FD representatives instructed the fishpond owners
on fish husbandry and pond maintenance.

The three ponds were cleared of vegetation on a weekly
basis and treated identically during the nine month study
period. The fish were neither harvested nor the ponds
restocked.

Statistical analysis
Analysis was carried out on the data 15 weeks before and
15 weeks after fish introduction into ponds C and D. We
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used the one-lag autoregression model to determine the
autocorrelation of the time series data. Significant auto-
correlation was removed along with the deterministic drift
term. We then used paired t-tests to see if the two treated
ponds were significantly different before fish introduc-
tion. If there was no difference the data from the ponds
were pooled. We also used t-tests to investigate within the
pond and within the mosquito type any differences before
and after fish introduction. All tests were carried out at the
5% significance level.

Using the raw data, the percentage reduction of mosquito
immatures in ponds C and D after fish introduction was
calculated using Mulla's formula [19]. This formula cor-
rects for any changes seen in the control pond that would
presumably also have occurred in the treated ponds in the
absence of the intervention.

Results

The A. gambiae s.I. numbers in ponds A, C and D for 15
weeks prior to and 41 weeks after O. niloticus introduction
into ponds C and D are presented in Figure 2. Ten days
after fish introduction, no mosquitoes were found in
pond C and a clear difference can be seen between ponds
A and C for the next six months. Pond D shows a similar
pattern.

The mean immature mosquito densities before autocorre-
lation removal are presented in Table 1, along with the
Mulla's formula [19] results. It can be seen that after fish
introduction, the numbers of all mosquito types increased
in the control pond, and decreased in the treated ponds.
High percentage reductions were found for A. gambiae s.1.
and A. funestus. For culicines it was lower but the reduc-
tion was still >75%.

Significant autocorrelation was detected in all ponds for
all mosquito species except for culicines in pond C. How-
ever, the first two data points for culicines in pond C were
removed from the analysis in order to use the same
number of data points as ponds A and D. No significant
differences between ponds C and D for A. gambiae s.1. or
A. funestus before fish introduction were found so the data
were pooled.

After autocorrelation removal, when comparing within a
pond the pre- and post-intervention data, fish introduc-
tion caused highly significant reductions of A. gambiae s.1.
in the treated ponds (t;,,=3.81, p < 0.0002) and culicines
in pond C (t;,5 = 4.16, p < 0.0001), and a significant
reduction of culicines in pond D (t;5,=1.97, p < 0.05).A.
funestus numbers in the treated ponds decreased but not
significantly (t;,0 = 1.13, p = 0.26). In the control pond
the mosquito numbers increased for all species but not
significantly so for A. funestus (t;o,=1.79, p = 0.08).
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In view of the high A. gambiae s.1. densities in pond A we
introduced O. niloticus into this pond once the experiment
was complete. These densities dropped from 105 mosqui-
toes in five dips just before fish introduction, to one mos-
quito in five dips two weeks later and remained low for
the next three months. However, without a contemporary
untreated control we cannot be sure this was solely
because of the fish.

Discussion

Our field data demonstrates, for the first time, that the
introduction of O. niloticus into fishponds immediately
and significantly reduces the numbers of A. gambiae s.1.
and culicine larvae in treated ponds. Fifteen weeks after
fish introduction, the impact on both anopheline species
was a >94% reduction after correction for the natural
increase expected. By contrast, Mohamed [9] reported that
Oreochromis spilurus spilurus introduced into water storage
containers in Somalia showed a mean reduction of
52.8%, while Gambusia affinis produced a 87.8% decline
in mosquito larvae in rice fields [10]. However these
results represent both different fish species and ecological
settings.

The large percentage reductions in the treated ponds, as
calculated with the raw data using Mulla's formula, was a
combined effect of the decrease of mosquito numbers in
the treated ponds and the increase in the control pond.

Fifteen weeks after fish introduction into ponds C and D
there was an increase of all mosquito species in the con-
trol pond. This was most likely due to low rainfall leading
to a reduction in the number of alternative oviposition
sites. When the rainfall increased in April, the number of
mosquitoes in the control pond decreased dramatically.
This negative correlation of mosquito larval densities with
rainfall has been previously found in Kenyan rice fields

[8].

The decrease of the mosquito numbers in the treated
ponds might be directly (by predation) and/or indirectly
(by oviposition avoidance by mosquitoes) due to the fish.
Evidence that the fish were directly responsible comes
from observed minor peaks in the mosquito densities in
ponds C (from 13th May) and D (from 8th June) that cor-
responded with the time when the fish were mature
enough to start reproduction. When reproducing, neither
male nor female O. niloticus feed [14], which would
explain the temporary peaks, contrary to the overall
downward trend.

A tendency of ovipositing mosquitoes to avoid ponds
containing fish has previously been found with Anopheles
punctipennis [20], and culicine mosquitoes [21,22]. How-
ever, in a separate study of 261 fishponds we found no sig-
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Figure 2

A. gambiae s.I. numbers in the control and treated ponds before and after fish introduction.

nificant difference between the number of fish-present
and fish-absent fishponds containing mosquito imma-
tures (Howard et al, manuscript in review). This suggests
that mosquitoes do not avoid fish-containing water in this

area.

Given the already proven larvivorous behaviour of O. nilo-
ticus, the peaks of mosquitoes during fish reproduction,
the findings in the separate study, and also taking into
account the climatic relationship of the mosquito increase
in the control pond, it seems likely that the fish are
directly controlling the mosquito numbers in the treated

ponds through predation.

A. funestus was not significantly decreased after fish intro-
duction. The large percentage decrease calculated is a

result of the 40-fold increase in the control pond, indicat-
ing a strong tendency for natural increase in the local pop-
ulation. The fish apparently ate enough A. funestus larvae
to counterbalance this natural increase, but not enough to
produce an overall reduction.

The fact that we still recorded larvae in the treated ponds
does not mean these ponds were still producing adult
mosquitoes. From other sites in Kisii Central District, we
have noticed disproportionate numbers of first and sec-
ond instar mosquito larvae in fishponds containing fish,
indicating that fish are more likely to eat the older, larger
instars. This was also found with other fish species in
Somalia where after fish introduction only first and sec-
ond instar larvae were present [9], and in laboratory and
field studies in China [23].
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Table I: Immature mosquito densities before and after O. niloticus introduction into ponds C and D

Pond Ac Pond C Pond D
Mosquito Beforeb Afterc Before After % Reductiond  Before After % Reduction
species
A. gambiae s.I.  4.50 + 0.56 14.08 + 0.93 11.38+067 1.53+0.28 95.8 5.40 + 0.34 1.00 £ 0.15 94.1
A. funestus 0.06 + 0.04 245 £ 047 0.57 £ 0.1 043 +0.14 98.3 0.61 +0.14 0.56 £ 0.10 97.5
Culicines 2.34+£0.38 451 +0.44 281 £ 047 0.72 £ 0.18 86.7 1.29 £ 0.21 0.63 £0.13 754

9Pond A was the control pond, ponds C and D were treated

b'Before' refers to the |15 weeks before fish introduction into ponds C and D

<'After' refers to the |5 weeks after fish introduction into ponds C and D

dPercentage reduction was corrected for observed natural increases in the control pond using Mulla's formula [19].

In the year 2000, Kisii Central District was reported to
have 554 fishponds in an area of 649 km? [16] while the
neighbouring district of Nyamira was reported to have
1,046 fishponds in 896 km2 [24]. It is likely that these are
under-representations of the actual fishpond numbers in
the two rural districts as the topography is hilly with poor
road networks, which make locating fishponds difficult.
Given the large size of the fishponds and the fact that they
contain water all year round, they could be considered a
fairly significant producer of malaria vectors in this area of
western Kenya. Unfortunately our results do not show the
proportion of the adult mosquito population that is pro-
duced by the fishponds, relative to the more classic An.
gambiae s.l. immature habitats such as small transient
pools of water [25] which are unsuitable for O. niloticus.
As such we are unable to say how effective this control
method would be in reducing the adult mosquito popula-
tion in a given area. However, our results show that O.
niloticus fish were so effective in reducing immature mos-
quito populations in the fishponds studied, that there is
likely to be a noticeable effect on the adult mosquito pop-
ulation in the area. This will be addressed in future stud-
ies.

Benefits of larvivorous fish are that the mosquito larvae
cannot build up a physiological resistance, also, fish pop-
ulations are generally self-sustaining and do not depend
on the presence of larvae. By contrast survival of other bio-
logical control agents is often dependant on the mosquito
population not being entirely eliminated [26]. In addition
some Anopheles larvae have significantly prolonged devel-
opmental times in the presence of fish and emerge as
smaller adults [27]. Smaller females, in turn, have signifi-
cantly reduced host seeking [28] and produce smaller egg
batches [29], making them less efficient malaria vectors.

As well as protection from mosquito-borne diseases such
as malaria, O. niloticus has additional benefits. The fish are

relatively inexpensive and six months after stocking the
larger fish can be harvested, providing a sustainable
source of income and protein to rural farmers. This fish is
already farmed and eaten in this region of Kenya so
acceptance by both the local communities and the admin-
istrative sectors should pose no problem.

Larval control has long been neglected. However, it can be
an effective control tool due to the low mobility of larval
mosquitoes [30], especially where the principle breeding
habitats are man-made [31-33] and can be easily identi-
fied [34].

We are undertaking larger scale field trials in different eco-
logical settings, whilst monitoring mosquito predator
numbers and diversity to investigate any detrimental
impact by the fish. In villages both with and without fish
introductions, it in necessary to monitor adult mosquito
densities and malaria incidence to confirm its use as a
malaria control tool.

Conclusion

In conclusion, our results indicate that O. niloticus can dra-
matically reduce mosquito larval densities in fishponds
for at least six months and that this reduction is directly
through predation. The relative population density of A.
gambiae s.1., a very efficient malaria vector, was reduced by
94% and this reduction was statistically highly significant.

Competing interests
The author(s) declare that they have no competing inter-
ests.

Authors' contributions

AFVH analysed part of the data and wrote the manuscript.
GZ analysed part of the data. FXO designed the study and
helped to draft the manuscript. All authors read and
approved the final version of the manuscript.

Page 5 of 6

(page number not for citation purposes)



BMC Public Health 2007, 7:199

Acknowledgements

We would like to thank Zachary Kinaro and the other Fisheries Depart-
ment officers for their involvement. We would also like to thank all the
icipe-Kisii staff for technical assistance and Anthony Wanjoya for assistance
with the statistics. We are grateful to the reviewers Juan Garcia and John
Gimnig whose feedback greatly improved the manuscript, as well as to eve-
ryone else whose comments also improved the manuscript. The Govern-
ment of Finland and BioVision supported this study.

References

20.

21.

Hargreaves K, Koekemoer LL, Brooke BD, Hunt RH, Mthembu |,
Coetzee M: Anopheles funestus resistant to pyrethroid insec-
ticides in South Africa. Med Vet Entomol 2000, 14:181-189.
Fletcher M, Teklehaimanot A, Yemane G: Control of mosquito lar-
vae in the port city of Assab by an indigenous larvivorous fish
Aphanius dispar. Acta Trop 1992, 52:155-166.

Takagi M, Pohan W, Hasibuan H, Panjaitan W, Suzuki T: Evaluation
of shading of fish farming ponds as a larval control measure
against Anopheles sundaicus Rodenwaldt (Diptera: Culici-
dae). Southeast Asian | Trop Med Public Health 1995, 26:748-753.
Kay BH, Nam VS, Tien TV, Yen NT, Phong TV, Diep VT, Ninh TU,
Bektas A, Aaskov JG: Control of Aedes vectors of dengue in
three provinces of Vietnam by use of Mesocyclops (copep-
oda) and community-based methods validated by entomo-
logic, clinical and serological surveillance. Am | Trop Med Hyg
2002, 66:40-48.

Mittal PK: Biolarvicides in vector control: challenges and pros-
pects. | Vector Borne Dis 2003, 40:20-32.

Gunasekaran K, Boopathi Doss PS, Vaidyanathan K: Laboratory and
field evaluation of Teknar HP-D, a biolarvicidal formulation
of Bacillus thuringiensis ssp. israelensis, against mosquito
larvae. Acta Trop 2004, 92:109-118.

Bay EC: Mosquito control by fish: A present-day appraisal.
WHO Chron 1967, 21:415-423.

Asimeng EJ, Mutinga M]: Effect of rice husbandry on mosquito
breeding at Mwea Rice Irrigation Scheme with reference to
biocontrol strategies. | Am Mosq Control Assoc 1993, 9:17-22.
Mohamed AA: Study of larvivorous fish for malaria vector con-
trol in Somalia, 2002. East Mediterr Health | 2003, 9(4):618-626.
Prasad H, Prasad RN, Haq S: Control of mosquito breeding
through Gambusia affinis in rice fields. Indian | Malariol 1993,
30(2):57-65.

Jenkins D W: Pathogens, parasites and predators of medically
important arthropods. Bull World Health Organ 1964, 30:1-150.
Austen EE: Anti-mosquito measures in Palestine during the
campaigns of 1917-1918. T Roy Soc Trop Med Hyg 1919, 13:47-62.
Kusumawathie PHD, Wickremasinghe AR, Karunaweera ND, Wike-
yaratne MJS: Larvivorous potential of fish species found in river
bed pools below the major dams in Sri Lanka. | Med Entomol
2006, 43:79-82.

Trewavas E: Tilapiine Fishes of the genera Sarotherodon, Ore-
ochromis and Danakilia. London, British Museum (Natural His-
tory), Cromwell Road; 1983.

el Safi SH, Haridi AA, Rabaa FM: The food of the larvivorous fish
Gambusia affinis (Baird and Girard) and Oreochromis (for-
merly Tilapia) niloticus (Linnaeus) in Gezira irrigation
canals. | Trop Med Hyg 1985, 88:169-174.

Government of Kenya: Kisii Central District Development Plan
2002-2008. , Government of Kenya; 2002.

Hay SI, Simba M, Busolo M, Noor AM, Guyatt HL, Ochola SA, Snow
RW: Defining and detecting malaria epidemics in the high-
lands of western Kenya. Emerg Infect Dis 2002, 8:555-562.

Gillies MT, Coetzee M: A supplement to the Anophelinae of
Africa south of the Sahara (Afrotropical Region). Johannes-
burg, The South African Institute for Medical Research; 1987.

Mulla MS, Norland RL, Fanara DM, Darwazeh HA, McKean DW:
Control of chironomid midges in recreational lakes. | Econ
Entomol 1971, 64:300-307.

Petranka JW, Fakhoury K: Evidence of a Chemically-Mediated
Avoidance Response of Ovipositing Insect to Blue-Gills and
Green Frog Tadpoles. Copeia 1991, 1991:234-239.

Angelon KA, Petranka JW: Chemicals of predatory mosquitofish
(Gambusia affinis) influence selection of oviposition site by
Culex mosquitoes. | Chem Ecol 2002, 28:797-806.

22.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

http://www.biomedcentral.com/1471-2458/7/199

Ritchie SA, Laidlaw-Bell C: Do fish repel oviposition by Aedes
taeniorhynchus? | Am Mosq Control Assoc 1994, 10:380-384.

Wu N, Liao GH, Li DF, Luo YL, Zhong GM: The advantages of
mosquito biocontrol by stocking edible fish in rice paddies.
Southeast Asian | Trop Med Public Health 1991, 22:436-442.
Government of Kenya: Nyamira District Development Plan
2002-2008. , Government of Kenya,; 2002.

Gimnig JE, Ombok M, Kamau L, Hawley WA: Characteristics of
larval Anopheline (Diptera: Culicidae) habitats in western
Kenya. | Med Entomol 2001, 38:282-288.

Wright JW, Fritz RF, Haworth |: Changing concepts of vector
control in malaria eradication. Annu Rev Entomol 1972,
17:75-102.

Bond )G, Arredondo-Jimenez |, Rodriguez MH, Quiroz-Martinez H,
Williams T: Oviposition habitat selection for a predator refuge
and food source in a mosquito. Ecol Entomol 2005, 30:255-263.
Takken W, Klowden MJ, Chambers GM: Effect of body size on
host seeking and blood meal utilization in Anopheles gam-
biae sensu stricto (Diptera:Culicidae): the disadvantage of
being small. | Med Entomol 1998, 35:639-645.

Lyimo EO, Takken W: Effects of adult body size on fecundity
and the pre-gravid rate of Anopheles gambiae females in
Tanzania. Med Vet Entomol 1993, 7:328-332.

Killeen G, Fillinger U, Knols B: Advantages of larval control for
African malaria vectors: Low mobility and behavioural
responsiveness of immature mosquito stages allow high
effective coverage. Malaria Journal 2002, 1:8.

Carlson JC, Byrd BD, Omlin FX: Field assessments in western
Kenya link malaria vectors to environmentally disturbed
habitats during the dry season. BMC Public Health 2004, 4:33.
Fillinger U, Sonye G, Killeen GF, Knols BGJ, Becker N: The practical
importance of permanent and semipermanent habitats for
controlling aquatic stages of Anopheles gambiae sensu lato
mosquitoes: operational observations from a rural town in
western Kenya. Trop Med Int Health 2004, 9:1274-1289.

Mutuku FM, Bayoh MN, Gimnig JE, Vulule JM, Kamau L, Walker ED,
Kabiru E, Hawley WA: Pupal habitat productivity of Anopheles
gambiae complex mosquitoes in a rural village in western
Kenya. Am | Trop Med Hyg 2006, 74:54-61.

Walker K, Lynch M: Contributions of Anopheles larval control
to malaria suppression in tropical Africa: review of achieve-
ments and potential. Med Vet Entomol 2007, 21:2-21.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2458/7/199/pre

pub

disseminating the results of biomedical research in our lifetime."

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Publish with BioMed Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for

Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and publishedimmediately upon acceptance
« cited in PubMed and archived on PubMed Central

O BioMedcentral

« yours — you keep the copyright

Page 6 of 6

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10872862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10872862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1363180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1363180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1363180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9139389
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9139389
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9139389
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12135266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12135266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12135266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15119068
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15119068
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15350862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15350862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15350862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6060390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8096871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8096871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8096871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15748059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15748059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8405595
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8405595
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14245244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14245244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16506451
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16506451
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6352061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6352061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2863390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2863390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2863390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12023909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12023909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12035927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12035927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12035927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7807080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7807080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1818398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1818398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11296836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11296836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11296836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4550952
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4550952
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9775585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9775585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9775585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8268486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8268486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8268486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12153709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12153709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12153709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15296512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15296512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15296512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15598259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15598259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15598259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16407346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16407346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16407346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17373942
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17373942
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17373942
http://www.biomedcentral.com/1471-2458/7/199/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study area
	Field intervention
	Statistical analysis

	Results
	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

