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Abstract
Background: Burma records the highest number of malaria deaths in southeast Asia and may
represent a reservoir of infection for its neighbors, but the burden of disease and magnitude of
transmission among border populations of Burma remains unknown.

Methods: Plasmodium falciparum (Pf) parasitemia was detected using a HRP-II antigen based rapid
test (Paracheck-Pf®). Pf prevalence was estimated from screenings conducted in 49 villages
participating in a malaria control program, and four retrospective mortality cluster surveys
encompassing a sampling frame of more than 220,000. Crude odds ratios were calculated to
evaluate Pf prevalence by age, sex, and dry vs. rainy season.

Results: 9,796 rapid tests were performed among 28,410 villagers in malaria program areas
through four years (2003: 8.4%, 95% CI: 8.3 – 8.6; 2004: 7.1%, 95% CI: 6.9 – 7.3; 2005:10.5%, 95%
CI: 9.3 – 11.8 and 2006: 9.3%, 95% CI: 8.2 – 10.6). Children under 5 (OR = 1.99; 95% CI: 1.93 –
2.06) and those 5 to 14 years (OR = 2.24, 95% CI: 2.18 – 2.29) were more likely to be positive than
adults. Prevalence was slightly higher among females (OR = 1.04, 95% CI: 1.02 – 1.06) and in the
rainy season (OR = 1.48, 95% CI: 1.16 – 1.88). Among 5,538 rapid tests conducted in four cluster
surveys, 10.2% were positive (range 6.3%, 95% CI: 3.9 – 8.8; to 12.4%, 95% CI: 9.4 – 15.4).

Conclusion: Prevalence of plasmodium falciparum in conflict areas of eastern Burma is higher than
rates reported among populations in neighboring Thailand, particularly among children. This
population serves as a large reservoir of infection that contributes to a high disease burden within
Burma and likely constitutes a source of infection for neighboring regions.
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Background
There exists an acute imperative to improve infectious dis-
ease surveillance in the border regions of Burma. The
combination of multi-drug resistant plasmodium falci-
parum (Pf), [1,2] ubiquitous fake antimalarials, [3,4] and
under funding of malaria control within a health system
ranked 190th out of 191 countries by the WHO in 2000,
results in more malaria deaths (1,707) in Burma than any
other country in southeast Asia (52.6% of WHO South
East Asia Region) [5]. Official statistics are likely to grossly
underestimate the number of malaria cases and deaths,
especially in remote areas where ongoing civil conflict
likely increases malaria risk [6,7]. The most recent WHO
country report for Burma provides a striking example of
underreporting of malaria morbidity in Karen (Kayin)
State. In the same year (2003) that WHO recorded 2,016
malaria cases for the entire state, the Karen Department of
Health and Welfare (KDHW) and mobile medics of the
Backpack Health Worker Team (BPHWT) treated 27,000
cases in a population of fewer than 300,000 internally dis-
placed persons in Karen State. Furthermore, the Mae Tao
Clinic, located across the border from Karen State in Thai-
land treated over 5,000 confirmed cases of malaria from
Burma [8].

Poor malaria control in Burma likely contributes to
malaria transmission in neighbouring countries [9-12].
The Thai province of Tak, adjacent to Karen state, has the
highest numbers of cases of malaria in the country, and
recorded more than twice as many cases (9,339) among
Burmese migrants as among Thai locals (4,420) in 2001
[10]. Malaria prevalence in Burmese migrants in Thailand
(4.4%) is up to 20 times that of Thai locals (0.2%);[4] and
proximity to the Burma border is positively associated
with malaria parasitemia [10,11]. Burma may represent a
reservoir of infection for its neighbours, but few data exist
on the magnitude of transmission among border popula-
tions of Burma.

There are two published estimates of malaria prevalence
in eastern Burma. Overall Pf prevalence was 15.8% among
a convenience sample of symptomatic Burmese villagers
(n = 703) seeking care in Thailand in 2001 [11]. A cluster
mortality survey conducted in a conflict zone of eastern
Burma in 2004 estimated a 12.4% (216/1739) prevalence
among asymptomatic villagers [13].

The goals of the present analysis are: 1) to describe the
prevalence of Pf in an area of active conflict in eastern
Burma; 2) to explore the epidemiology of Pf parasitemia
by age, sex, and season; and 3) to compare prevalence esti-
mates from observational malaria program data and retro-
spective mortality cluster surveys.

Methods
Population
In late 2004 there were an estimated 526,000 internally
displaced persons (IDPs) in eastern Burma, and at least
240 villages had been destroyed, forcibly displaced or
abandoned in the prior two years [14]. Conservative esti-
mates of ongoing displacement suggest that an additional
167,000 people and 300 villages were forced to move in
the two years subsequent to the 2004 report [15].

Data in this study were collected from the so-called "black
zones" in eastern Burma where health services are unavail-
able from either the military regime or international
organizations. Services for a population of approximately
250,000 are provided primarily by ethnic health organiza-
tions of the Karen Department of Health and Welfare
(KDHW) and the Backpack Health Worker Team
(BPHWT), whose broad geographic target area extends
from Mergui-Tavoy in the South to Karenni (Kayah) area
in the North, and from the Thai-Burma border to slightly
west of the Sittang River in eastern Pegu (Bago) Division.
(Figure 1) For the purposes of service delivery and health
information the two populations are mutually exclusive,
in that BPHWT was designed to serve populations unable
to access ethnic health clinics due to distance and/or secu-
rity.

KDHW administers 33 clinics to provide primary health
care to approximately 95,000 persons. These semi-perma-
nent clinics are located in relatively stable areas of Karen
State, but are designed for rapid relocation in the case of
threats to population security. Eleven clinics have been
forced to relocate since 1998, five from October 2006 to
April 2007. BPHWT is comprised of over 300 health work-
ers divided into 76 teams designed to reach an additional
152,000 persons in less stable areas. Since inception of the
program in 1998, seven BPHWT health workers have died
while carrying out their health care provision responsibil-
ities.

This report summarizes and compares Pf prevalence esti-
mates derived from two types of data sources: cross-sec-
tional screenings conducted as part of the KDHW malaria
program from 2003 to 2006, and retrospective cluster sur-
veys designed to estimate infant mortality rates in the
entire BPWHT and KDHW populations in 2004 and 2006.
Both the malaria program and the cluster surveys identi-
fied Pf parasitemia with a rapid diagnostic device (RDT;
Paracheck-Pf® Orchid Biomedical Systems, Goa, India).

Integrated Malaria Control Program
In 2003 the KDHW initiated an integrated malaria control
program in four villages with a total population of 1,819.
By 2006 the program reached 28,498 persons in 49 vil-
lages (village population size range: 162 – 1,824). This
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population is a subset of the entire KDHW population of
95,000. The pilot program included distribution of long-
lasting insecticide treated nets (LLITNs), malaria educa-
tion messages, and early detection with the Paracheck-Pf®

device and therapy with mefloquine-artesunate for three
days (MAS3). Baseline screenings were conducted prior to
initiation of malaria control activities, permitting the esti-
mation of malaria prevalence among new villages in each
year.

The decision to actively screen a population living in an
area of unstable transmission was based on the dramatic
success of a similar strategy in Vietnam [16,17] and later
in Brazil [18,19] and Cambodia [20]; and on growing,
albeit inconsistent, evidence for asymptomatic infections

in areas of unstable transmission [21-23] including
Burma [24,25].

Screening was universal in the first phase of the program
(2003–2004). However, in order to reduce costs, limited
screening was conducted in 10 of 14 new villages in 2005,
and all new villages in 2006 (N = 27). Limited screenings
included a systematic sample of 100 heads of household.
Females were preferentially sampled during limited
screenings in order to minimize the workload of health
workers operating in a conflict zone, and to maximize the
likelihood of identifying parasitemia in women of repro-
ductive age. Villages with fewer than 100 households in
2006 (N = 11) screened only one person per household.
All participants with a positive test result in either the
malaria program or the cluster surveys (described below)
received MAS3, as recommended by regional guidelines
[26].

Parasitemia prevalence is reported as the proportion of
the screened population with a positive Paracheck-Pf® test
result [(number Pf positive)/(total number screened)].
Estimates in 2005 and 2006 were weight-adjusted by vil-
lage population size. Confidence intervals for prevalence
estimates were calculated for finite populations to account
for near-complete sampling by multiplying the standard
error by the square root of (1 - p), where p is the propor-
tion of the population that is sampled [CI = +/- 1.96 *

SE ].

Prevalence estimates from the eleven villages conducting
universal screening were stratified by sex and age (<5, 5–
14, and 15+ years), and crude odds ratios and their 95%
confidence intervals were calculated. The rainy season was
defined as the 5 months from June through October to
account for parasite development in the mosquito follow-
ing the onset of the rainy season between May and early
October.

Cluster Survey Design
This report included results from four retrospective mor-
tality cluster surveys conducted in two different years in
the two mutually exclusive target populations of the
BPHWT and KDHW. Between October and December in
2004 and 2006, BPHWT and KDHW health workers con-
ducted retrospective household surveys of vital events and
human rights violations occurring in the 12 months prior
to the interview. The design, implementation, and opera-
tional method of the surveys have been described previ-
ously [13,27]. Briefly, in 2004 and 2006 annual village
census information was used to construct a sampling
frame for the target population (~130,000) and spanning
eight administrative areas (Figure 1). In 2004, one hun-
dred village-based clusters (200 in 2006) were selected

( )1− p

Target area of the KDWH and BPHWTFigure 1
Target area of the KDHW and BPHWT. BPHWT: Back-
pack   Health Worker Team; KDHW: Karen Department of 
Health & Welfare.
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proportionate to population size and twenty (10 in 2006)
households within each cluster were selected using sys-
tematic interval sampling. Design and implementation of
surveys in KDHW areas differed only in the size of the
sampling frame (~95,000).

At each household, surveyors explained the objectives and
obtained verbal consent for participation. The survey
included a listing of all household members by age and
sex, and documented falciparum malaria parasitemia for
the respondent using the Paracheck-Pf® device.

Sample Size and Analysis of Cluster Surveys
The proposed sample size for each survey was based on a
balance of operational feasibility and resource constraints
and the goal of continued monitoring of the infant mor-
tality rate. Population proportions were estimated for sev-
eral morbidity outcomes, including the proportion of
respondents testing positive for Plasmodium falciparum. All
confidence intervals were adjusted for the cluster sam-
pling. The sample size allows for the estimation of para-
sitemia prevalence to within 2%, assuming baseline
prevalence = 10%, overall survey completion rate = 85%,
and design effect = 2.0.

Ethical Approval
Data were collected as part of routine program monitor-
ing and evaluation. Data forms were brought from the
field to Mae Sot, Thailand where they were entered into a
computerized database (Microsoft ACCESS) and were
cleaned using range and internal consistency checks. The
survey protocol and malaria program data collection
instruments were approved by local leaders of the Burma
Medical Association. The Johns Hopkins University Com-
mittee on Human Research approved the secondary anal-
ysis of the cluster survey data. The authors of this paper

were responsible for the secondary analysis, conducted
with Stata 8.2 (Stata Corp., College Station, TX, USA).

Results
Malaria Program Screenings
Between 2003 and 2006 a total of 9,796 RDTs were per-
formed among 28,410 villagers participating in 11 univer-
sal (n = 5,872) and 36 limited (n = 3,924) baseline
screenings. Each baseline screening was completed in
approximately 3 (median) days, (range 1–7). Overall par-
ticipation in universal screenings was 98.1% (village
range 87–100%) of the expected population. Overall 800
RDTs were positive for Pf, representing a weighted-mean
prevalence of 9.5%, 95% CI: 8.7 – 10.2.

Overall prevalence estimates derived from baseline uni-
versal and limited screenings in each year from 2003 to
2006 are presented in Figure 2. Prevalence in malaria pro-
gram areas was similar over four years (2003: 8.4%, 95%
CI: 8.3 – 8.6; 2004: 7.1%, 95% CI: 6.9 – 7.3; 2005:10.5%,
95% CI: 9.3 – 11.8 and 2006: 9.3%, 95% CI: 8.2 – 10.6).

There was substantial inter-village variation of Pf preva-
lence among villages (range 0% – 28.6%). In 2005, the
only year that included both universal and limited screen-
ings, combined prevalence in ten villages conducting lim-
ited screening (12.5%, 95% CI: 10.6 – 14.4%) was higher
than in four universally screened villages (6.4%, 95% CI:
6.3 – 6.5).

Age, Sex & Season
Universal screenings in 11 malaria program villages from
2003 to 2005 permitted comparison of Pf prevalence by
age and sex (Table 1). Children under 5 years old (preva-
lence 9.6%) and children 5 to 14 years old (10.8%) had
approximately twice the odds of testing positive (respec-

Table 1: Plasmodium falciparum prevalence from baseline universal screening in KDHW malaria control program villages (2003–2005), 
by age and sex

Crude OR (Finite Population 95% CI)
N Pf (+) Pf (%) Sex* Age**

Age <5
Male 499 48 9.6% 0.99 (0.93 – 1.06) 1.99 (1.93 – 2.06)

Female 486 47 9.7%
Age 5–14

Male 710 75 10.6% 0.97 (0.93 – 1.01) 2.24 (2.18 – 2.29)
Female 721 79 11.0%

Age 15+
Male 1,800 99 5.5% 1.18 (1.14 – 1.21) (--)

Female 1,655 78 4.7%
All Ages

Male 3,009 222 7.4% 1.04 (1.02 – 1.06) (--)
Female 2,862 204 7.1%

* Reference category is female within age category
**Reference category is individuals 15 years and above
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tive ORs: 1.99, 95% CI: 1.93 – 2.06; 2.24, 95% CI: 2.18 –
2.29) as adults 15 years or older (prevalence 5.1%). Prev-
alence was slightly higher among males (7.4%) than
females (7.1%), though the difference overall was small
(0.3%; OR 1.04, 95% CI: 1.02 – 1.06) and was attributa-
ble to a difference between male (5.5%) and female
(4.7%) adults (OR 1.18, 95% CI: 1.14 – 1.21).

Limited screening with 1,054 RDTs among 5,449 pre-
dominantly female (80 – 98%) heads of household in 10
villages in 2005, and 2,870 RDTs among 17,602 in 27 vil-
lages in 2006 facilitated the evaluation of the association
of Pf prevalence with rainy and dry season. (Table 2) Prev-
alence was higher in the rainy season than the dry season
in both 2005 (weighted prevalence 15.2% vs. 11.6%) and
2006 (12.4% vs. 8.3%; combined 2005–2006 OR 1.48,
95% CI: 1.16 – 1.88).

Cluster Survey Results
To estimate Pf parasitemia prevalence in the entire target
population among female heads of household, in 2004
and 2006 the mobile workers of the BPHWT conducted a
total of 1,834 and 1,614 household surveys, representing
92% and 90% of the respective target sample populations.
A slightly lower proportion (83%) was returned from
KDHW areas in 2004. Characteristics of the survey sam-
ples are summarized in Table 3. A total of 5,538 rapid tests
for parasitemia were conducted in four cluster surveys,
representing 80% of respondents overall. Overall 10.2%
(range 6.3% – 12.4%) were positive (Table 3). Prevalence

point estimates were lower in both BPHWT and KDHW
areas in 2006 than in 2004, though the difference reached
statistical significance only for BPHWT surveys. The
KDHW 2006 sampling frame included seven clusters in
malaria control program areas (n = 180) where the preva-
lence (1.7%) was lower than in non-MCP clusters (n =
1,267, prevalence 9.1%).

Discussion
The prevalence of plasmodium falciparum in conflict areas
of eastern Burma prior to malaria interventions has
remained high (at least 6.3% – 12.5%) over the four year
period 2003–2006. Estimates are derived from over
15,000 rapid tests performed in a combined target popu-
lation of over 225,000 persons and represent one of the
largest samples reported from southeast Asia. The range of
village prevalence (0 – 28.6%) is consistent with smaller
reports from other areas of Burma (range 10–40%)
[11,28-30]. The overall prevalence estimate presented
here is higher than the prevalence of 3.9% (range 2–7%)
documented in 2006 in four Burmese villages along the
Thai border with ongoing malaria control efforts [31].
Prevalence in eastern Burma is also higher than that
recorded among Thai villagers (prevalence <2%) and for-
eign nationals (<3.5%) in Thailand, [11] confirming the
presence of a malaria reservoir in eastern Burma that likely
contributes to transmission in border regions of Thailand.

Age
The higher Pf prevalence we observed in children com-
pared to adults is consistent with population surveys in
ecologically similar areas of Laos, [32] Cambodia [20,23]
and Burma. For example, Tun-lin et al. documented
higher prevalence in children under ten (30%–50%) than
in adults (10–27%) during four successive screenings (n =
146 – 168) in a single village in central Burma in 1992 –
1993 [28]. However, an HRP-II antigen assay might over-
estimate Pf prevalence in children relative to adults, as
acquired immunity in adults might lead to lower para-
sitemia levels and may decrease the sensitivity of the anti-
gen assay.

Sex
We did not observe large differences in Pf prevalence
between males and females in either children or adults.
These results differ from the observation of a four-fold
higher Pf prevalence among male (9%) vs. female (2%)
adults in four Burmese villages immediately across the
Thai border with access to early detection and treatment
(EDT), [31] as well as from other studies southeast Asia
that have documented increased exposure of male adults
to infected mosquitoes due to forest related activities
[23,28,33,34]. The discrepant observations may reflect a
difference in forest-related behaviors or an influence of
the location and/or stability of villages; but may also

Estimates of Plasmodium falciparum prevalence from   malaria program screenings and retrospective cluster surveys 2003 – 2006, by season.Figure 2
Estimates of Plasmodium falciparum prevalence from malaria 
program screenings and retrospective cluster surveys 2003 – 
2006, by season. BPHWT: Backpack Health Worker Team; 
KDHW: Karen Department of Health & Welfare. Limited 
program screenings targeted female heads of household. 
Rainy season defined as the months from June – October.
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reflect the lack of access to EDT or other malaria control
interventions prior to our surveys. The higher Pf preva-
lence in males noted in other studies may reflect the rela-
tive impact of malaria control programs in adult men and
women, and may not reflect the sex distribution of asymp-
tomatic Pf among adults prior to program implementa-
tion.

Season
Overall prevalence was higher during the rainy season in
both 2005 and 2006. This seasonal variability, however,
appears to be less than that observed in Pf incidence
among Burmese migrants [10] and refugees [35] in Thai-
land. These data are similar to those from bi-annual
screenings conducted in four Burmese villages in 2006 (Pf

prevalence 3.9% in both the rainy and dry seasons) in the
setting of ongoing malaria control [31].

Malaria Program Screenings vs. Cluster Surveys
In 2004, cluster surveys produced higher estimates of Pf
prevalence (12.4% and 11.8%) than program areas
(7.1%). There are several possible reasons for this discrep-
ancy. In 2004, malaria program screenings included
nearly the entire population, whereas cluster surveys
screened only heads of households, who may be more
likely to engage in behaviours with elevated malaria risk,
such as forest-related activities. While we did not directly
measure malaria risk behaviours, in universally screened
malaria program areas we observed that adults were at sig-
nificantly lower risk than children. Alternatively, the

Table 2: Plasmodium falciparum prevalence estimated from limited screening* in KDHW malaria program villages (2005–2006), by 
season

2005 2006
Season Dry Rainy** Dry Rainy**

# Villages 7 3 20 7
Population 4,004 1,445 11,923 4,306 Crude OR (Finite Population 95% CI)

Rapid Tests
Performed

735 319 2,246 624

Proportion
Female

0.90 0.81 0.98 0.84 Rainy Season Year (2006/2005)

Prevalence 11.6% 15.2% 8.3% 12.4%
95% CI*** (9.4 – 13.8) (11.5 – 18.9) (7.3 – 9.4) (9.3 – 15.0) 1.48 (1.16 – 1.88) 0.72 (0.58 – 0.89)

*Limited program screenings targeted female heads of household
**Rainy Season = June – October
***Confidence intervals adjusted for sampling without replacement within a finite population

Table 3: Cluster Survey Target Population, Response Rate and Pf Prevalence

2004 2006
Sample Characteristic BPHWT* KDHW BPHWT KDHW**

Target Population 129,000 96,888 134,732 89,092
Number of Clusters 
Sampled

100 100 180 100

Number of Clusters 
Successfully Reached

92 84 164 88

Total Households Sampled 1,834 1,657 1,614 1,835
Response Rate 92% 83% 90% 92%
Number of Malaria Rapid 
Tests Performed

1,739 1,588 882 1,329

Proportion of Respondents 
Tested

95% 96% 55% 72%

Proportion Female 62% 92% 84% 99%
Plasmodium falciparum 
Prevalence

12.4% 11.8% 6.3% 8.2%

Cluster Adjusted 95% 
Confidence Interval

(9.4 – 15.4) (9.5 – 14.2) (3.9 – 8.8) (5.1 – 11.3)

BPHWT: Backpack Health Worker Team; KDHW: Karen Department of Health & Welfare
* BPHWT 2004 survey results reported previously in Mullany, Richards, Lee et al. (2007). See reference 13.
** KDHW 2006 sampling frame includes seven malaria control program areas (n = 180) with Pf prevalence of 1.7%. Prevalence in non-MCP clusters 
(n = 1267) was 9.1%.
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higher prevalence reported in the cluster surveys in 2004
may reflect differences in village location, stability and/or
exposure to human rights violations. Studies have docu-
mented an increased risk of malaria among migrants
[34,36] and in the setting of complex emergencies [7,37].
Results reported elsewhere [13] from the 2004 survey in
BPHWT areas suggest that malaria prevalence may be
associated at the household level with forced displace-
ment, forced labour, and destruction of food supply, and
that exposure to multiple human rights violations
increases risk.

Location and stability may also have contributed to the
higher prevalence observed in 2005 among malaria pro-
gram villages conducting limited screening among heads
of household (population weighted prevalence 12.5%,
95% CI: 7.5 – 17.5) compared to universally screened vil-
lages (6.4%, 95% CI: 6.3 – 6.5), which tended to be
located among more stable populations. The villages with
the highest prevalence in both 2004 (Mae Ngaw, 17%)
and 2006 (Ei Tu Hta, 29%) were the least stable villages in
those years. Mae Ngaw subsequently was destroyed by the
military in early 2005 and Ei Tu Hta was a newly formed
encampment for persons internally displaced in early
2006 by an escalation of violence near the new Burmese
capital of Pyinmana (Naypyidaw).

Limitations
Sequential estimates of Pf prevalence in new malaria pro-
gram areas perforce relied on screening different villages
in each term, which likely resulted in substantial bias by
area and other unmeasured factors. An alternative
approach to include longitudinal measurements in inter-
vention-naïve villages would have minimized this bias,
but was not possible in this setting, as implementing part-
ners felt it would be unethical to withhold effective inter-
ventions from vulnerable populations. Furthermore, the
increasingly large number of areas included in screenings,
as well as triangulation with estimates from cluster sample
surveys, enhances the external validity of our findings to
other villages in "black zones" of eastern Burma.

We did not conduct universal screenings in all villages.
However, the number of RDTs from universal screenings
performed from 2003–2005 (n = 5,871) permitted evalu-
ation of associations with age and sex; and limited screen-
ing resulted in significant cost savings to facilitate
program expansion to additional villages. In universally
screened villages, the Pf prevalence overall was higher
(7.2%) than the estimate among adult women (4.4%)
and this relationship was consistent for each year in which
universal screening was conducted. This suggests that the
population prevalences in cluster surveys and in program
areas conducting limited screening, where adult women

were over-sampled, likely underestimate the true popula-
tion-based burden of parasitemia.

The use of a rapid diagnostic test may have limited our
ability to detect low level parasitemia [38-40]. However,
Paracheck-Pf® has demonstrated impressive sensitivity
and specificity under field conditions during asympto-
matic screening of children in India (sensitivity/specificity
94.4 & 89.0%, respectively), [41] and in Tanzanian vil-
lages with either high (40.1%), low (4.3%), or very low
(1.9%) P. Falciparum prevalence (sensitivity 83.6, 100%,
n/a; specificity 94.1%, 99.5%, 98.4% respectively)
[42,43]. Furthermore, the alternative diagnostic strategy
in areas where PCR is unavailable – field microscopy – has
shown poor sensitivity (~10%) for asymptomatic P. Falci-
parum parasitemia [22] when compared to expert micros-
copy in western Thailand, [44] suggesting Paracheck-Pf®

may be at least as accurate as field microscopy in this set-
ting. The accuracy of RDTs may be compromised by high-
temperatures or prolonged storage under field conditions,
[42] but storage in thatched huts likely minimized
extreme temperatures in our case. Low RDT sensitivity
would have resulted in an underestimation of parasitemia
prevalence. It is unlikely that false positives (due to low
specificity) accounted for a high proportion of prevalent
cases during baseline screenings, given the consistently
low prevalence (<2%) recorded during follow-up in most
malaria program areas during program implementation
[45].

Although most participants were asymptomatic at the
time of testing, those with a positive RDT were treated
immediately; therefore we are unable to distinguish
between pre-clinical and chronic asymptomatic infection.
Other studies from Burma, [24,25] Cambodia, [23] Tan-
zania [43] and South America [18,21,46] suggest that pro-
tective immunity (premunition) is not uncommon in the
setting of unstable transmission; and that asymptomatic
infection is infectious to mosquitoes despite a low asexual
parasite burden [46-48]. The relatively high prevalence of
predominantly asymptomatic parasitemia in this report
adds to the growing body of evidence supporting the pres-
ence of asymptomatic infection in areas of unstable
malaria transmission. Additional studies are needed to
estimate the prevalence of asymptomatic carriers in east-
ern Burma and to evaluate the role of active case detection
in reducing malaria transmission.

We did not estimate the prevalence of plasmodium vivax
(Pv), though Pv appears to account for no more than 20%
of malaria infections in Burma [6] and almost certainly
represents an even smaller fraction of malaria related
deaths. We did not directly measure rainfall, [49] migra-
tion, [36] forest-related activity, proximity to water [50] or
Page 7 of 10
(page number not for citation purposes)



Conflict and Health 2007, 1:9 http://www.conflictandhealth.com/content/1/1/9
other risk factors for malaria [51] that may have con-
founded the associations we observed.

Rapid testing with accurate RDTs is easily integrated into
malaria control programs and cluster surveys designed to
estimate other health indicators, and provides a simple
and cost-effective means to estimate cross-sectional prev-
alence of parasitemia. Triangulation of data from different
sources enhances the validity of parameter estimates.
Additional studies are necessary to quantify malaria risk
in eastern Burma, including the role of age and sex, eleva-
tion, season, migration, forest-related activities and civil
conflict. Increasing capacity for EDT offers an opportunity
to directly monitor the more clinically relevant incidence
of symptomatic Pf, and to improve our understanding of
the relationship between Pf incidence and prevalence in
this setting. In a region with highly drug resistant Pf [2,52]
and ubiquitous fake antimalarials [3,53] efforts to track
treatment failures and to monitor in vitro drug susceptibil-
ity and antimalarial quality should be expanded in unsta-
ble areas in eastern Burma.

Conclusion
Prevalence of plasmodium falciparum in a large population
in conflict areas of eastern Burma remains high relative to
the prevalence reported among populations in neighbor-
ing Thailand, particularly among children. There is an
immediate need to expand malaria interventions to
reduce morbidity and mortality in conflict areas in eastern
Burma and to reduce the reservoir of infection that com-
promises regional disease control efforts.

Abbreviations
KDHW: Karen Department of Health and Welfare

BPHWT: Backpack Health Worker Team

Pf: plasmodium falciparum

Pv: plasmodium vivax

IDPs: internally displaced persons

LLITNS: long-lasting insecticide treated nets

MAS3: mefloquine-artesunate combination therapy for 3
days

RDTs: rapid diagnostic tests

EDT: early diagnosis and treatment

MCP: Malaria Control Program

CI: confidence interval

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

Authors' contributions
AR conceived the study, participated in the design of the
malaria control program and cluster surveys and in the
management of study data, was responsible for the statis-
tical analysis and interpretation of the data and drafted
the manuscript. LS and LM participated in design of the
malaria program and cluster surveys, took primary
responsibility for data management, and assisted in anal-
ysis and interpretation of the data and revision of the
manuscript. CL participated in design of the malaria pro-
gram and cluster surveys and assisted in management,
analysis and interpretation of the data. EW participated in
the design of the malaria control program and cluster sur-
veys and the revision of the manuscript. KB participated in
the design of the malaria control program, assisted with
interpretation of the data, and participated in revision of
the manuscript. MM directed the implementation of the
cluster surveys and was responsible for quality control in
BPHWT areas, and assisted with interpretation of the data.
ES designed and implemented the malaria control pro-
gram, conducted the cluster surveys and was responsible
for quality control in KDHW areas, and assisted with
interpretation of the data. TL participated in the design of
the malaria control program and cluster surveys, in the
management and interpretation of study data and in revi-
sion of the manuscript. All authors read and approved the
final manuscript.

Acknowledgements
The authors would like to thank the dedicated health workers of the 
BPHWT and KDHW who made this work possible.

References
1. Rojanawatsirivet C, Congpuong K, Vijaykadga S, Thongphua S, Thong-

sri K, Bangchang KN, Wilairatana P, Wernsdorfer WH: Declining
mefloquine sensitivity of Plasmodium falciparum along the
Thai-Myanmar border.  Southeast Asian J Trop Med Public Health
2004, 35(3):560-565.

2. Wongsrichanalai C, Sirichaisinthop J, Karwacki JJ, Congpuong K,
Miller RS, Pang L, Thimasarn K: Drug resistant malaria on the
Thai-Myanmar and Thai-Cambodian borders.  Southeast Asian
J Trop Med Public Health 2001, 32(1):41-49.

3. Dondorp AM, Newton PN, Mayxay M, Van Damme W, Smithuis FM,
Yeung S, Petit A, Lynam AJ, Johnson A, Hien TT, McGready R, Farrar
JJ, Looareesuwan S, Day NP, Green MD, White NJ: Fake antimalar-
ials in Southeast Asia are a major impediment to malaria
control: multinational cross-sectional survey on the preva-
lence of fake antimalarials.  Trop Med Int Health 2004,
9(12):1241-1246.

4. Wiwanitkit V: High prevalence of malaria in Myanmar migrant
workers in a rural district near the Thailand-Myanmar bor-
der.  Scand J Infect Dis 2002, 34(3):236-237.

5. World Health Organization Regional Office for South-East Asia:
Malaria: Disease burden in SEA region.  New Delhi ; 2005. 

6. World Health Organization: World Malaria Report 2005--Coun-
try Profile: Myanmar.  Geneva , World Health Organization; 2005. 

7. Rowland M, Nosten F: Malaria epidemiology and control in ref-
ugee camps and complex emergencies.  Ann Trop Med Parasitol
2001, 95(8):741-754.
Page 8 of 10
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15689066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15689066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15689066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11485094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11485094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15598255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15598255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15598255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12030408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12030408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12030408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11784429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11784429


Conflict and Health 2007, 1:9 http://www.conflictandhealth.com/content/1/1/9
8. Lee TJ: Responding to Infectious Diseases on the borders of
Burma/Myanmar.  In Responding to Infectious Diseases in the Border
Regions of South and Southeast Asia Bangkok, Thailand ; 1997. 

9. Beyrer C, Suwanvanichkij V, Mullany LC, Richards AK, Franck N, Sam-
uels A, Lee TJ: Responding to AIDS, Tuberculosis, Malaria, and
Emerging Infectious Diseases in Burma: Dilemmas of Policy
and Practice.  PLoS Med 2006, 3(10):.

10. Zhou G, Sirichaisinthop J, Sattabongkot J, Jones J, Bjornstad ON, Yan
G, Cui L: Spatio-temporal distribution of Plasmodium falci-
parum and p. Vivax malaria in Thailand.  Am J Trop Med Hyg
2005, 72(3):256-262.

11. Carrara VI, Sirilak S, Thonglairuam J, Rojanawatsirivet C, Proux S, Gil-
bos V, Brockman A, Ashley EA, McGready R, Krudsood S, Leeming-
sawat S, Looareesuwan S, Singhasivanon P, White N, Nosten F:
Deployment of Early Diagnosis and Mefloquine- Artesunate
Treatment of Falciparum Malaria in Thailand: The Tak
Malaria Initiative.  PLoS Med 2006, 3(6):e183.

12. Shanks GD, Karwacki JJ, Singharaj P: Malaria in displaced persons
along the Thai-Burmese border.  Southeast Asian J Trop Med Public
Health 1990, 21(1):39-43.

13. Mullany LC, Richards AK, Lee C, Suwanvanichkij V, Maung C, Beyrer
MMC, Lee TJ: Population-based survey methods to quantify
associations between human rights violations and health
outcomes among internally displaced persons in eastern
Burma.  Journal of Epidemiology and Community Health :In Press.
Accepted for Publication February 16, 2007.

14. Thailand Burma Border Consortium: Internal Displacement and
Vulnerability in Eastern Burma.  Bangkok , Thailand Burma Bor-
der Consortium; 2004:1-73. 

15. Thailand Burma Border Consortium: Internal Displacement in
Eastern Burma: 2006 Survey.  Bangkok , Thailand Burma Border
Consortium; 2006:1-60. 

16. Hung le Q, Vries PJ, Giao PT, Nam NV, Binh TQ, Chong MT, Quoc
NT, Thanh TN, Hung LN, Kager PA: Control of malaria: a suc-
cessful experience from Viet Nam.  Bull World Health Organ
2002, 80(8):660-666.

17. Erhart A, Thang ND, Bien TH, Tung NM, Hung NQ, Hung LX, Tuy
TQ, Speybroeck N, Cong LD, Coosemans M, D'Alessandro U:
Malaria epidemiology in a rural area of the Mekong Delta: a
prospective community-based study.  Trop Med Int Health 2004,
9(10):1081-1090.

18. Macauley C: Aggressive active case detection: a malaria con-
trol strategy based on the Brazilian model.  Soc Sci Med 2005,
60(3):563-573.

19. Coura JR, Suarez-Mutis M, Ladeia-Andrade S: A new challenge for
malaria control in Brazil: asymptomatic Plasmodium infec-
tion--a review.  Mem Inst Oswaldo Cruz 2006, 101(3):229-237.

20. Sochantha T, Hewitt S, Nguon C, Okell L, Alexander N, Yeung S, Van-
nara H, Rowland M, Socheat D: Insecticide-treated bednets for
the prevention of Plasmodium falciparum malaria in Cam-
bodia: a cluster-randomized trial.  Trop Med Int Health 2006,
11(8):1166-1177.

21. Roshanravan B, Kari E, Gilman RH, Cabrera L, Lee E, Metcalfe J, Cal-
deron M, Lescano AG, Montenegro SH, Calampa C, Vinetz JM:
Endemic malaria in the Peruvian Amazon region of Iquitos.
Am J Trop Med Hyg 2003, 69(1):45-52.

22. John CC, McHugh MM, Moormann AM, Sumba PO, Ofulla AV: Low
prevalence of Plasmodium falciparum infection among
asymptomatic individuals in a highland area of Kenya.  Trans
R Soc Trop Med Hyg 2005, 99(10):780-786.

23. Incardona S, Vong S, Chiv L, Lim P, Nhem S, Sem R, Khim N, Doung
S, Mercerau-Puijalon O, Fandeur T: Large-scale malaria survey in
Cambodia: Novel insights on species distribution and risk
factors.  Malar J 2007, 6(1):37.

24. Soe S, Theisen M, Roussilhon C, Aye KS, Druilhe P: Association
between protection against clinical malaria and antibodies
to merozoite surface antigens in an area of hyperendemicity
in Myanmar: complementarity between responses to mero-
zoite surface protein 3 and the 220-kilodalton glutamate-
rich protein.  Infect Immun 2004, 72(1):247-252.

25. Soe S, Khin Saw A, Htay A, Nay W, Tin A, Than S, Roussilhon C, Per-
ignon JL, Druilhe P: Premunition against Plasmodium falci-
parum in a malaria hyperendemic village in Myanmar.  Trans
R Soc Trop Med Hyg 2001, 95(1):81-84.

26. Aide Medicale Internationale, American Refugee Committee, Interna-
tional Rescue Committee, Malteser Germany, Medecins Sans Fron-

tieres, Mae Tao Clinic, Burmese Border Consortium, Shoklo Malaria
Research Unit: Burmese Border Guidelines.  2003.

27. Lee TJ, Mullany LC, Richards AK, Kuiper HK, Maung C, Beyrer C:
Mortality rates in conflict zones in Karen, Karenni, and Mon
states in eastern Burma.  Trop Med Int Health 2006,
11(7):1119-1127.

28. Tun-Lin W, Thu MM, Than SM, Mya MM: Hyperendemic malaria
in a forested, hilly Myanmar village.  J Am Mosq Control Assoc
1995, 11(4):401-407.

29. Oo TT, Storch V, Becker N: Anopheles dirus and its role in
malaria transmission in Myanmar.  J Vector Ecol 2003,
28(2):175-183.

30. Mya MM, Saxena RK, Soe P: Study of malaria in a village of lower
Myanmar.  Indian J Malariol 2002, 39(3-4):96-102.

31. Lwin KM, Zwang J, Nosten F: Cross sectional malaria surveys in
4 villages on the Thai-Burmese Border.  Health and Travel in the
Tropics: an Asian Perspective Joint International Tropical Medicine Meeting
2006 and 6th Asia-Pacific Travel Health Conference 2006.

32. Kobayashi J, Somboon P, Keomanila H, Inthavongsa S, Nambanya S,
Inthakone S, Sato Y, Miyagi I: Malaria prevalence and a brief
entomological survey in a village surrounded by rice fields in
Khammouan province, Lao PDR.  Trop Med Int Health 2000,
5(1):17-21.

33. Erhart A, Thang ND, Hung NQ, Toi le V, Hung le X, Tuy TQ, Cong
le D, Speybroeck N, Coosemans M, D'Alessandro U: Forest
malaria in Vietnam: a challenge for control.  Am J Trop Med Hyg
2004, 70(2):110-118.

34. Chaveepojnkamjorn W, Pichainarong N: Malaria infection among
the migrant population along the Thai-Myanmar border
area.  Southeast Asian J Trop Med Public Health 2004, 35(1):48-52.

35. Nacher M, Carrara VI, Ashley E, McGready R, Hutagalung R, Nguen
JV, Thwai KL, Looareesuwan S, Nosten F: Seasonal variation in
hyperparasitaemia and gametocyte carriage in patients with
Plasmodium falciparum malaria on the Thai-Burmese bor-
der.  Trans R Soc Trop Med Hyg 2004, 98(5):322-328.

36. Singhanetra-Renard A: Population movement, socio-economic
behavior and the transmission of malaria in northern Thai-
land.  Southeast Asian J Trop Med Public Health 1986, 17(3):396-405.

37. Rowland M, Durrani N, Hewitt S, Mohammed N, Bouma M, Carneiro
I, Rozendaal J, Schapira A: Permethrin-treated chaddars and
top-sheets: appropriate technology for protection against
malaria in Afghanistan and other complex emergencies.
Trans R Soc Trop Med Hyg 1999, 93(5):465-472.

38. Murray CK, Bell D, Gasser RA, Wongsrichanalai C: Rapid diagnos-
tic testing for malaria.  Trop Med Int Health 2003, 8(10):876-883.

39. Moody A: Rapid diagnostic tests for malaria parasites.  Clin
Microbiol Rev 2002, 15(1):66-78.

40. Guthmann JP, Ruiz A, Priotto G, Kiguli J, Bonte L, Legros D: Validity,
reliability and ease of use in the field of five rapid diagnostic
tests for the diagnosis of Plasmodium falicaprum malaria in
Uganda.  Transactions of the Royal Society of Tropical Medicine and
Hygiene 2002, 96:254-257.

41. Singh N, Saxena A, Sharma VP: Usefulness of an inexpensive,
Paracheck® test in detecting asymptomatic infectious reser-
voir of Plasmodium falciparum during dry season in an inac-
cessible terrain in central India.  Journal of Infection 2002,
45:165-168.

42. Mboera LE, Fanello CI, Malima RC, Talbert A, Fogliati P, Bobbio F,
Molteni F: Comparison of the Paracheck-Pf test with micros-
copy, for the confirmation of Plasmodium falciparum
malaria in Tanzania.  Ann Trop Med Parasitol 2006,
100(2):115-122.

43. Shekalaghe SA, Bousema JT, Kunei KK, Lushino P, Masokoto A, Wol-
ters LR, Mwakalinga S, Mosha FW, Sauerwein RW, Drakeley CJ: Sub-
microscopic Plasmodium falciparum gametocyte carriage is
common in an area of low and seasonal transmission in Tan-
zania.  Trop Med Int Health 2007, 12(4):547-553.

44. Coleman RE, Maneechai N, Rachaphaew N, Kumpitak C, Scott Miller
R, Soyseng V, Thimasarn K, Sattabongkot J: Comparison of field
and expert laboratory microscopy for active surveillance for
asymptomatic Plasmodium falciparum and Plasmodium
vivax in Western Thailand.  American Journal of Tropical Medicine
and Hygiene 2002, 67(2):141-144.

45. Eh Kalu Shwe Oo: Indigenous health worker reduction of
malaria in Karen State.  In Responding to Infectious Diseases in the
Border Regions of South and Southeast Asia Bangkok, Thailand ; 2007. 
Page 9 of 10
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17032061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17032061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17032061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15772317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15772317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16719547
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16719547
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16719547
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2144910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2144910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12219158
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12219158
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15482400
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15482400
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15482400
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15550304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15550304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16862314
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16862314
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16862314
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16903880
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16903880
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16903880
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12932096
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12932096
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16085173
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16085173
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16085173
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17389041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17389041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17389041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14688102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14688102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14688102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11280074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11280074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16827712
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16827712
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16827712
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8825497
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8825497
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14714666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14714666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14686117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14686117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10672201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10672201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10672201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14993619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14993619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15272744
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15272744
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15272744
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15109559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15109559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15109559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2951857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2951857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2951857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10696399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10696399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14516298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14516298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11781267
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12387772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12387772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12387772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16492359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16492359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16492359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17445146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17445146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17445146


Conflict and Health 2007, 1:9 http://www.conflictandhealth.com/content/1/1/9
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

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

BioMedcentral

46. Alves FP, Gil LH, Marrelli MT, Ribolla PE, Camargo EP, Da Silva LH:
Asymptomatic carriers of Plasmodium spp. as infection
source for malaria vector mosquitoes in the Brazilian Ama-
zon.  J Med Entomol 2005, 42(5):777-779.

47. Coleman RE, Kumpitak C, Ponlawat A, Maneechai N, Phunkitchar V,
Rachapaew N, Zollner G, Sattabongkot J: Infectivity of asympto-
matic Plasmodium-infected human populations to Anophe-
les dirus mosquitoes in western Thailand.  J Med Entomol 2004,
41(2):201-208.

48. Schneider P, Bousema JT, Gouagna LC, Otieno S, van de Vegte-Bol-
mer M, Omar SA, Sauerwein RW: Submicroscopic Plasmodium
falciparum gametocyte densities frequently result in mos-
quito infection.  Am J Trop Med Hyg 2007, 76(3):470-474.

49. Htay A, Minn S, Thaung S, Mya MM, Than SM, Hlaing T, Soe S, Druilhe
P, Queuche F: Well-breeding Anopheles dirus and their role in
malaria transmission in Myanmar.  Southeast Asian J Trop Med
Public Health 1999, 30(3):447-453.

50. Guthmann JP, Llanos-Cuentas A, Palacios A, Hall AJ: Environmental
factors as determinants of malaria risk. A descriptive study
on the northern coast of Peru.  Trop Med Int Health 2002,
7(6):518-525.

51. Somboon P, Aramrattana A, Lines J, Webber R: Entomological and
epidemiological investigations of malaria transmission in
relation to population movements in forest areas of north-
west Thailand.  Southeast Asian J Trop Med Public Health 1998,
29(1):3-9.

52. Wongsrichanalai C, Pickard AL, Wernsdorfer WH, Meshnick SR:
Epidemiology of drug-resistant malaria.  Lancet Infectious Dis-
eases 2002, 2:209-218.

53. Newton P, Proux S, Green M, Smithuis F, Rozendaal J, Prakongpan S,
Chotivanich K, Mayxay M, Looareesuwan S, Farrar J, Nosten F, White
NJ: Fake artesunate in southeast Asia.  Lancet 2001,
357(9272):1948-1950.
Page 10 of 10
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16363160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16363160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16363160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15061279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15061279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15061279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17360869
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17360869
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17360869
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10774650
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10774650
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12031074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12031074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12031074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9740259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9740259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9740259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11937421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11937421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11425421
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Population
	Integrated Malaria Control Program
	Cluster Survey Design
	Sample Size and Analysis of Cluster Surveys
	Ethical Approval

	Results
	Malaria Program Screenings
	Age, Sex & Season
	Cluster Survey Results

	Discussion
	Age
	Sex
	Season
	Malaria Program Screenings vs. Cluster Surveys
	Limitations

	Conclusion
	Abbreviations
	Competing interests
	Authors' contributions
	Acknowledgements
	References

