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febrile patients in a conflict zone of north-eastern
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Ming-chieh Lee6, Guiyun Yan6, Stephen A Matthews4,7,8, Liwang Cui3* and Ying Wang1*
Abstract

Background: Malaria within the Greater Mekong sub-region is extremely heterogeneous. While China and Thailand
have been relatively successful in controlling malaria, Myanmar continues to see high prevalence. Coupled with the
recent emergence of artemisinin-resistant malaria along the Thai-Myanmar border, this makes Myanmar an important
focus of malaria within the overall region. However, accurate epidemiological data from Myanmar have been lacking,
in part because of ongoing and emerging conflicts between the government and various ethnic groups. Here the
results are reported from a risk analysis of malaria slide positivity in a conflict zone along the China-Myanmar border.

Methods: Surveys were conducted in 13 clinics and hospitals around Laiza City, Myanmar between April 2011 and
October 2012. Demographic, occupational and educational information, as well as malaria infection history, were
collected. Logistic models were used to assess risk factors for slide positivity.

Results: Age patterns in Plasmodium vivax infections were younger than those with Plasmodium falciparum.
Furthermore, males were more likely than females to have falciparum infections. Patients who reported having been
infected with malaria during the previous year were much more likely to have a current vivax infection. During the
second year of the study, falciparum infections among soldiers increased signficiantly.

Conclusions: These results fill some knowledge gaps with regard to risk factors associated with malaria slide positivity
in this conflict region of north-eastern Myanmar. Since epidemiological studies in this region have been rare or non-
existent, studies such as the current are crucial for understanding the dynamic nature of malaria in this extremely
heterogeneous epidemiological landscape.

Keywords: Plasmodium falciparum, Plasmodium vivax, The Greater Mekong Subregion, Myanmar, China,
Border malaria
Background
Malaria is an enormous public health threat and a detri-
ment to development in Southeast Asia [1]. While most
current malaria control efforts have been geared toward
Africa, Southeast Asia remains an important but surpris-
ingly neglected malarious region. Around 70% of the
total population of this region is at risk of contracting
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malaria, with 26% at high risk (i e, areas with a reported
incidence of greater than one case per 1,000 population
per year). Within Southeast Asia, the Greater Mekong
Sub-region (GMS), which is made up of Cambodia,
China’s Yunnan Province, Laos, Myanmar, Thailand, and
Vietnam, remains an important epicentre of malaria des-
pite improvement in the malaria situation in recent years
[2,3]. In particular, the GMS has been a breeding ground
for multidrug resistant parasites. In the past, Plasmodium
falciparum parasites resistant to chloroquine and py-
rimethamine have emerged here and spread to Africa
[4,5]. Therefore, the recent detection of resistance to the
front line treatment artemisinins in the GMS has raised
his is an open access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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considerable concerns [6,7], meaning that the impact of
malaria control efforts here reach far beyond this region.
In recognition of this serious threat, the World Health
Organization (WHO) has deployed intensified malaria
control efforts with the aim of containing artemisinin-
resistant parasites [8].
Within the GMS, the malaria distribution is tremen-

dously heterogeneous. While some countries are aiming
to eliminate or eradicate malaria in the near future,
some are struggling to control malaria. Furthermore,
malaria heterogeneity in each GMS country is reflected
in the clustering of malaria along international borders.
The uneven distribution within a country often requires
that limited control resources are targeted towards these
hotspots. These efforts in turn rely heavily on accurate
knowledge of malaria epidemiology.
Myanmar has the heaviest malaria burden in the GMS

and, with its unique geographical location, it plays an
important role in regional malaria transmission. In the
east it borders Thailand, where decreased sensitivity to
artemisinins has recently been detected [9], whereas in
the west it borders with India, where the malaria burden
is among the heaviest [10]. This suggests that, with
its ~200,000 malaria cases/year, Myanmar could serve as
an important amplifier for accelerating the spill-over of
drug resistance to other regions (such as Africa). More-
over, the introduction of malaria from Myanmar to
neighbouring countries, such as China and Thailand, by
large, cross-border, migratory human populations hin-
ders malaria elimination efforts in these countries.
Even within Myanmar malaria is distributed unevenly

and the most malarious regions border China, Thailand
and India. These same sub-regions tend to also have
high proportions of ethnic minorities who are frequently
at the margins of society and lack adequate health care
[11]. High seasonality in the number of cases, as well as
large population movements, means that outbreaks oc-
casionally occur in naïve populations, perhaps especially
in Myanmar. For example, remote border regions, such
as Kachin State, have some of the highest estimated mal-
aria incidence, morbidity and mortality rates in the re-
gion [12].
Political instability and military conflicts have likely ex-

acerbated the malaria situation in these regions. Myanmar
is extremely diverse ethnically, with around 135 different
self-defined ethnic groups living within its borders, and
several of these groups have been involved in active mili-
tary conflicts with the ruling government over the last half
century [13]. Populations residing in conflict areas receive
little economic, public health, and medical attention and
consequently tend to experience adverse health outcomes
including malaria [14]. In addition to negative health out-
comes, epidemiologic and demographic data from such
regions are understandably scarce [15,16]. Most of these
areas have been off limits to foreigners and outside or-
ganizations and accurate censuses and epidemiological
surveys are lacking. For example, Myanmar has not had
an official census since 1980s and even this census may
not accurately count ethnic groups that were involved
in armed conflicts with the government. Such a lack of
information about conflict regions means that not only
do the populations living within these areas probably
experience poor health outcomes; the extent to which
they do so is not well understood. Research that docu-
ments and analyses the health of these populations is
therefore crucial for planning public health efforts and
policy.
Over the past two decades, particularly since the launch

of the Mekong Malaria Initiative by the WHO, intensified
malaria control efforts have greatly reduced malaria mor-
tality and morbidity in a number of GMS countries [3].
These apparent successes have inspired several GMS
countries, such as China, to refocus their programme
strategies from malaria control to malaria elimination. In
Myanmar, malaria incidence appeared to have also been
on the decline. However, information about malaria epi-
demiology in Myanmar is far from complete and there is a
great need for an accurate assessment.
Shortly after the present study began in 2011, an armed

conflict erupted between the Kachin Independence Army
and the Myanmar government, making wide-scale epi-
demiological sampling and surveillance challenging at
best. However, medical staff was maintained at 13 clinics
along the China-Myanmar border and demographic data,
blood slides, and questionnaires were collected from fe-
brile patients who presented at the clinics. The aim of this
study was therefore to identify risk factors associated with
slide positivity among febrile clinic attendees in these 13
clinics. Slide positivity studies can subsequently help in-
form clinical decision making and provide at least some
information about the epidemiological situation in the
catchment area [17].

Methods
Study region and data
The study area included 13 clinics and hospitals in and
around Laiza city, Kachin State, Myanmar along the China-
Myanmar border (Figure 1). Kachin State is a predomin-
ately agricultural state and the vast majority of the State’s
estimated 1.2 million inhabitants are ethnic Kachin, also
known as Jingpo in China. This study includes patients
who presented with fever at health centers in this study
area between April 2011 and October 2012. Informed con-
sent was obtained from patients prior to being included in
this study and the overwhelming majority of patients gave
consent (absolute numbers were not recorded). Consenting
patients were then interviewed using a face-to-face survey
that included questions concerning demographic attributes,



Figure 1 Map of the study location. Clinics are marked as yellow dots and purple line denotes the international border. All the clinics involved
in the study are located on the border area of Myanmar and China.
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occupation, education, mosquito prevention history, and
malaria experience in the previous 12 months. After filling
out the questionnaire, a blood smear was made and micro-
scopic examination was carried out in the local clinics.
Blood smears were further examined at another nearby
field station by two experienced microscopists. Any dis-
crepancies were re-evaluated to obtain a final consensus of
the diagnoses.
Patients diagnosed with malaria by microscopy were

treated according to the standard protocols of the Health
Unlimited organization. Adult patients with P. vivax were
treated with chloroquine for three days by four tablets
as the first dose, two tablets at 24 h and two tablets
at 48 h after the first oral administration, and prima-
quine for eight days by three tablets once per day.
Plasmodium falciparum positive adult patients were
treated with dihydroartemisinin and piperaquine phos-
phate tablets for three days, with two tablets as the first
dose, two tablets 6 h later, two tablets 24 h later, and two
tablets 48 h later.
The study protocol was reviewed and approved by in-

stitutional review boards from Pennsylvania State Uni-
versity and Kunming Medical University. There is no
Kachin institutional review board, however the field
team met with representatives of the Kachin Independ-
ence Organization prior to beginning the study and re-
ceived verbal consent to pursue the research.
Data analysis
The resulting dataset consisted of febrile patients, both with
and without malaria infections. The data were therefore di-
vided into three different comparison groups: individuals
with P. falciparum infections, individuals with P. vivax
infections, and individuals without malaria infections. In
these analyses, comparisons were made between each of
these three groups to look for potentially important demo-
graphic, occupational, and educational factors as well as
malaria infection history (self reported infection within the
last 12 months). Multiple logistic regression models were
used to test for statistically significant differences between
sex, age groups, occupation (Additional files 1, 2, 3 and 4),
education (primary education or less versus middle school
or higher), and malaria infection history (whether the pa-
tient had been infected within the last 12 months) with
regard to each of the three aforementioned comparison
groups. Questionnaires also asked about bed net usage and
whether or not a patient had travelled in the last two weeks.
However, both of these variables suffered from poor re-
sponse levels and data quality problems and were therefore
considered potentially be unreliable. They were analysed in
Additional file 5, 6, 7 and 8, but left out of the main statis-
tical analyses here.
Subsequent logistic models were used to look for pat-

terns in reported malaria infection history among these
same model covariates. The resulting logistic model
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coefficients were exponentiated in order to present them
as odds ratio estimates.

Results
Demographic characteristics
Over the study period, between April 2011 and October
2012, a total of 7,089 febrile patients were enrolled and
diagnosed for malaria infection by microscopy. The age
structure and slide positivity results of enrolled patients
are summarized in Table 1. Of the 7,089 enrolled pa-
tients, 46% were female, 21% were under the age of five,
and 4% reported having a malaria infection in the previ-
ous year. Additionally, 24% were farmers, 26% were of-
fice workers or students, 34% were houseworkers or
non-school children, 3% were listed as “other”, and 13%
were soldiers.

Malaria infections as a relatively minor component of
febrile illness
Of the 7,089 enrolled patients, only 655 (9.2%) were
found to be infected with malaria parasites by micros-
copy (Table 1). All four major human malaria parasites
were present, but the vast majority were P. vivax and P.
falciparum (Table 1). Plasmodium vivax is the predom-
inant parasite species and accounted for 71.3% of all
malaria cases. Only four Plasmodium malariae infec-
tions and one Plasmodium ovale infection were detected
among the patients. A total of 45 patients carried mixed
infections by P. falciparum and P. vivax.

Temporal trends in malaria cases
Trends in case numbers from these clinics varied greatly
over time, but basically followed the rainy season (Figure 2),
which typically begins in April. Malaria slide positive case
numbers generally peaked in June-July. While the data did
not cover a long enough period of time to be conclusive,
there appeared to be a double peak at the beginning
and at the end of the rainy season (September-October).
Table 1 Distribution of slide positive cases and non-cases
in the dataset by parasite species and age group

Malaria cases Slide positivity (%)

Age group Febrile patients Mixed Pf Pv Mixed Pf Pv

0 to 4 1525 3 16 61 0.20 1.05 4.00

5 to 14 1564 20 43 138 1.28 2.75 8.82

15 to 24 1408 8 63 115 0.57 4.47 8.17

25 to 34 1204 8 42 45 0.66 3.49 3.74

35 to 44 670 2 17 22 0.30 2.54 3.28

45 to 54 406 3 8 15 0.74 1.97 3.69

55 to 64 216 0 3 9 0.00 1.39 4.17

65 + 95 1 1 6 1.05 1.05 6.32

Not shown here are four P. malariae infections and one P. ovale infection.
Compared to 2011, there were declines in both P. vivax
and P. falciparum cases for the period of April-October
in 2012.

Risk factor analysis of malaria infections
There were strong age patterns in slide positivity rates
for both P. vivax and P. falciparum infections (Table 1).
Slide positivity peaked for P. vivax cases in age group 5
to 14 whereas for P. falciparum it peaked in age group
15 to 24 (Additional file 9). Odds ratio estimates from
our logistic models indicate that, using the 0 to 4 age
group as the comparison group, the 5 to 14 age group
has approximately twice the odds (OR: 2.11; CI: 1.33,
3.31) of having a vivax positive slide and the 15 to 24
age group has close to four times the odds (OR: 3.76;
CI: 1.74, 8.18) of having a falciparum positive slide
(Additional file 9). A comparison of age groups between
falciparum and vivax infections indicated that, given
that a patient had a malaria positive slide, those in the
25 to 34 age group had about three times the odds (OR:
3.02; CI: 1.19, 7.79) of having a falciparum infection ra-
ther than a vivax infection.
The effect of sex was only significant for falciparum

infections. Males were more likely than females to be di-
agnosed with falciparum infection (OR: 1.80; CI: 1.29,
2.54). Interactions between age and sex were also tested.
The males in the age groups 15 to 24 and 25 to 44 were
significantly more likely to have positive vivax slides,
when compared to females of the same age groups. The
same interaction term in the falciparum logistic model
did not reveal any significant combinations.
There was no effect of education on slide positivity

rate. The study population is primarily an agricultural
population and farmers were used as the comparison
group in the logistic model. There was no significant ef-
fect of occupation group with regard to P. vivax infec-
tions. However, soldiers were less likely than farmers to
have P. falciparum positive slides (OR: 0.40; CI: 0.15,
0.92). This pattern changed drastically over the study
period (Additional file 2 for P. falciparum; Additional
file 1 shows the same for P. vivax), as the afore-
mentioned conflict emerged, and an interaction between
study year and occupation revealed a statistically signifi-
cant increase (OR: 3.62; CI: 1.32, 11.33) in falciparum
slide positivity in soldiers during 2012 (Additional files 2
and 9).

Infection history and slide positivity risk
Febrile patients with a history of malaria infection in the
last year were significantly more likely to have a current
vivax positive slide. The logistic model indicated that pa-
tients with a recent history of infection had about three
and a half times the odds (OR: 3.45; CI: 2.42, 4.83) of
vivax infection when compared to those with no recent
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history of malaria infection. There was no statistically
significant effect of recent infection history for falcip-
arum infections. However, a comparison of only falcip-
arum and vivax positive patients indicated that those
with recent malaria infections had about half the odds
(OR: 0.44; CI: 0.22, 0.86) of falciparum infection.
The demographic characteristics of individuals who

reported having a history of malaria infection (having been
infected in the last year) were further investigated using a
logistic model (Additional file 10). This model indicated
that individuals between the ages of 15 and 34, males, and
those with current malaria positive slides were most likely
to have been infected with malaria in the last year. Further-
more, office workers and students, those with greater than
a primary school education, houseworkers and non-school
children, and those who reported using bed nets were sig-
nificantly less likely to have had a recent malaria infection.
For this model, the occupation and year interaction terms
were left out, because the small number of patients
reporting previous infections led to a poor model fit.
Discussion
The original plan for this study region had been to con-
duct active surveillance, coupled with demographic sur-
veys, in order to investigate risk patterns in malaria
infections. However, military fighting began shortly after
the field work began and the subsequent dangerous cir-
cumstances limited the researchers’ ability to conduct
population-wide sampling and surveillance. Instead, med-
ical staff were maintained at 13 different clinics along the
border near Laiza, Myanmar and Nabang, China. Since
mid-2011 fighting in Kachin state has displaced several
hundred thousand people to areas in and around Laiza.
These displaced individuals, as well as the villagers who
already lived in the area, were covered by the clinics and
hospitals involved in this study.
The changing circumstances in the field probably also
influenced the epidemiological situation in this area.
Human migration has previously been implicated in
border malaria within Southeast Asia [18,19]. In this
situation, villagers fled from deeper within Kachin State
where military fighting was occurring and moved nearer
to the China-Myanmar border. Many of these internally
displaced people lived or currently live in hastily built,
packed, row shelters. Such close quarters and poor condi-
tions may lead to poor health conditions and the easy
spread of directly transmitted infectious diseases. Previous
researchers have discussed the implications of migration,
and forced migration in particular, with regard to various
health outcomes [16,20,21]. Because of the dangers inherent
in working in a conflict zone, the researchers were unable
to accurately document the extent to which the general
population grew during this time period.
Regardless of the changing demography, malaria cases

continued to exhibit the seasonal transmission that is
typical of this region, peaking in May-July. While these
time-series data are limited, the data appear to suggest a
double peak; a pattern that is typical of malaria in other
regions of the GMS, such as western Thailand and
China’s Yunnan province [22-24], which mostly reflects
the dynamics of the monthly rainfall in this region. Four
species of the human parasites were found in this region,
but P. vivax and P. falciparum infections accounted for
the majority of malaria cases. Mixed species infections
(P. vivax/P. falciparum) accounted for approximately 7%
of all infections (Table 1). Further, P. malariae and P.
ovale, though detected at very low levels, are often
missed by microscopy [25]. Because different parasites
need to be treated differently, more sensitive and accur-
ate diagnostic methods are needed for malaria elimin-
ation campaigns in this region.
Age-dependent patterns of malaria were observed for

both P. vivax and P. falciparum infections. For vivax
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infections, slide positivity peaked in children between
the ages of 5 and 14 years and in young adults aged
15 – 24 years. The age of peak vivax slide positivity,
and the lack of an effect for sex (especially in this
age group), are both parsimonious with transmission
occurring in or near the village, where children spend
the majority of their time. Furthermore, this study
showed that individuals with a history of infection
had about three and a half times the odds of having
a vivax positive slide. Febrile patients with a history
of malaria infection had slightly older age profiles
(aged 15 through 34) and were disproportionately
male. It is possible that these individuals are migrants
who are at increased risk of infection; anecdotally, patients
who reported having travelled in the previous two weeks
were also more likely than others to report previously hav-
ing been infected. However, we are cautious in these inter-
pretations since patients with reported infection histories
only made up approximately 4% of the patients included in
this study. It is also possible that these are actually recru-
descence rather than true re-infections, however it is
impossible to differentiate the two from slides alone. If
these are true re-infections, this lends further support to
the idea that certain subgroups within the population are at
greater risk of infection (in this case, even re-infection).
For falciparum infections, slide positivity peaked be-

tween ages 15 and 34, the highest being in the 15 to 24
age group. Males were also at increased risk of falcip-
arum infection, however an interaction between sex and
age in the logistic model did not reveal any significant
interactions. Regardless, this pattern may be the result of
a number of different factors. For example, if falciparum
occurs at lower transmission intensity than vivax, it is
possible to see an average age of infection that is slightly
older in comparison to vivax infections. Conversely, there
is evidence that as transmission intensity increases, the
age of peak morbidity decreases [26-28]. This pattern is
thought to be the result of a variety of complex, interre-
lated factors, including acquired immunity, maternal im-
munity, and the annual risk of infection.
At least one study has also suggested that in regions

with both vivax and falciparum infections, immunity to
vivax may develop more quickly, leading to an older age
pattern in symptomatic falciparum when compared to
symptomatic vivax [29]. However, the region under
study here is characterized by hypoendemicity and gen-
erally low transmission and conventional thinking is that
immunity should not develop under such conditions.
Another possibility for the difference in age patters is

that the main vector of falciparum in this area may be dif-
ferent than the main vector of vivax. It is therefore pos-
sible that the two malarias have differing ecologies and
that the difference in sex and age is a product of differen-
tial exposure by these two demographic variables. Males
who are working in different regions or ecosystems, for
example in agricultural fields, may be disproportionately
exposed to falciparum malaria vectors. The biting be-
haviours of mosquito vectors and their significance in
outdoor transmission in this region require future investi-
gations. Nevertheless, similar occupation-related risks of
malaria infection in Southeast Asia has been described
previously [18,19,30]. In the nearby region of China’s
Yunnan province, imported malaria infections were exces-
sively high among working-age males [29], that has been
related to business-related travel histories of patients to
malaria-endemic areas of Myanmar. Certainly this is the
case in the peak in P. falciparum cases among soldiers
(who are overwhelmingly young-adult males) during the
second year of this study (Additional file 2).
In the logistic model for P. falciparum risk factors, sol-

diers are shown to be significantly less likely to have fal-
ciparum infections when compared to farmers. This
could be an artefact of the changing demography of this
region during the study period. While there are no
demographic data to accurately analyse these changes in
the population, it is likely that soldiers both moved into
the area and that farmers already living in the area were
recruited as soldiers over the study period as the conflict
unfurled. Laiza, Myanmar actually served as the head-
quarters for the Kachin Independence Army during this
period of time. Soldiers were frequently stationed in the
forests and hills surrounding the study location and
were, therefore, exposed to different ecological condi-
tions when compared to other study patients. Combined
with their lack of reported use of bed nets (Additional
file 7), it is perhaps not surprising that soldiers repre-
sented a large portion of falciparum slide positive cases
during 2012.
There are several important limitations to the present

study. Perhaps foremost among these is the lack of de-
tailed information about the catchment population for
these clinics. Under the serious and sometimes danger-
ous circumstances in this conflict zone, the researchers
were unable to maintain planned demographic and epi-
demiologic surveys. Accurate surveys concerning the
clinical epidemiology in this region were therefore not
conducted and it is not possible to estimate malaria inci-
dence or prevalence in the study site. Furthermore, while
the questionnaire did ask febrile patients whether or not
they had travelled in the previous two weeks, it was not
designed to address migration in a detailed manner.
Some related issues are the relatively high rate of non-
response to this question, the lack of information about
why people did not respond to this question, and the
two week period of time would be at or less than the
amount of time needed for symptomatic malaria to
emerge after the point of infection. These issues make it
difficult to interpret analyses that include this covariate.
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Therefore, this covariate was discarded from the main
models and it was left to the reader to decide if analyses
including it (in additional files) are valid. Future research
will take a more detailed look at migration in this region.
Also it is important to note that among all febrile pa-
tients who presented at the clinic, only about 10% actu-
ally had malaria infections. This means that most of
these patients had a health condition, with fever as a
symptom, but that only a small fraction of them received
treatment from the malaria clinics. While this study is
not able to address this problem, the conditions sur-
rounding the conflict in this region also make crowd dis-
eases a potential public health threat and future efforts
should be directed at diseases other than malaria alone.
Regardless, this study provides novel information

about malaria slide positivity and associated risk factors
for a conflict region in Kachin State, along the China-
Myanmar border. Economic under-development and
poor health infrastructure are probably responsible for
the persistent levels of malaria endemicity in this and
other similar areas, whereas recent military conflicts
further aggravate healthcare delivery in this region.
Thus, as a result of these problems, accurate epidemio-
logic and demographic data from this region are scarce.
Such data are important not only for public health ef-
forts in this region but also for the overarching GMS
since Myanmar is thought to act as a reservoir for fal-
ciparum malaria and potentially as a conduit through
which drug resistant malaria can spread [3]. Given the
strategic importance of malaria in Myanmar for the
GMS, this epidemiological study fills an urgent know-
ledge gap with regard to both continued malaria control
efforts and for understanding the shifting epidemio-
logical dynamics as this region undergoes elevated mal-
aria control efforts.
Additional files

Additional file 1: Plasmodium vivax cases by occupation over time.
Description: Area stacked chart indicating the number of cases of P. vivax
cases, and the occupational groups to which they are attributed, over the
study period.

Additional file 2: Plasmodium falciparum cases by occupation over
time. Description: Area stacked chart indicating the number of cases of
P. falciparum cases, and the occupational groups to which they are
attributed, over the study period.

Additional file 3: The allocation of malaria cases by occupation
groups listed in the original questionnaire. Description: The second
column indicates the way that the original occupational groups were
grouped to avoid problems associated with small numbers.

Additional file 4: The distribution of malaria cases by occupation
groups used in analyses. Description: This figure indicates the
distribution of malaria cases among the occupation groups that were
used in the main analysis (Additional file 6).

Additional file 5: Reported bed net usage and reported travelling
within the previous two weeks. Description: Results from logistic
regression analysis of reported bed net use and having travelled in the
previous two weeks.

Additional file 6: Logistic model results for risk factors associated
with malaria slide positivity (including covariates that were omitted
(bed net use and recent travelling)). Description: The data provided
here are the results of the main logistic regression model (shown in
Additional file 6) but also including reported bed net usage and having
recently travelled as covariates.

Additional file 7: Logistic model showing predictors of reported
bed net usage. Description: The data provided here are the results of an
analysis into demographic risk factors associated with a patient reporting
having used a bed net within the previous month.

Additional file 8: Logistic model showing predictors of having
recently travelled. Description: The data provided here are the results of
an analysis into demographic risk factors associated with a patient
reporting having travelled within the previous two weeks.

Additional file 9: Logistic model results for risk factors associated
with malaria slide positivity. Description: The data provided here
represent the results of the main statistical analysis of the demographic
risk factors associated with slide positivity for P. vivax infections and P.
falciparum infections.

Additional file 10: Logistic model for history of malaria infection.
Description: The data provided here are the results of an analysis into
demographic risk factors associated with a patient reporting having had
a previous malaria infection within the previous year.

Abbreviations
GMS: Greater Mekong Subregion; WHO: World Health Organization.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
ZY, GZ, ML, GY, LC, and YW conceived and planned the study. NL, ZY, GA,
JD, ML, and YW carried out field surveys and microscopic diagnoses. QF and
YW confirmed diagnoses in the laboratory. NL, DMP, SAM, QZ GY, and YW,
analysed the data. NL, DMP, SAM, LW, and YW wrote the paper. All authors
helped in editing and revising the paper and all authors read the final
version and approved of its submission.

Acknowledgements
This study was supported by National Institute of Allergy and Infectious
Diseases (NIAID), National Institutes of Health (NIH) (U19AI089672). We want
to thank all staff in malaria clinics and the Nabang field station for their
efforts to collect epidemiology data. We would also like to thank an
anonymous reviewer who’s thorough and constructive comments helped us
develop a much better paper.

Author details
1Department of Tropical Disease, Institute of Tropical Medicine, Third Military
Medical University, Chongqing, China. 2Department of Parasitology, Kunming
Medical College, Kunming, China. 3Department of Entomology, Pennsylvania
State University, 501 ASI Building, University Park, PA, USA. 4Department of
Anthropology, Pennsylvania State University, 409 Carpenter Building,
University Park, PA, USA. 5Dalian Institute of Biotechnology, Dalian, Liaoning
Province, China. 6Program in Public Health, University of California at Irvine,
Irvine, CA, USA. 7Population Research Institute, Pennsylvania State University,
601 Oswald Tower, University Park, PA 16802, USA. 8Department of
Sociology, The Pennsylvania State University, 601 Oswald Tower, University
Park, PA 16802, USA.

Received: 29 April 2013 Accepted: 21 September 2013
Published: 10 October 2013

References
1. WHO: World Malaria Report 2012. Geneva: World Health Organization. http://

wwwwhoint/malaria/publications/world_malaria_report_2012/
wmr2012_full_reportpdf 2012.

http://www.biomedcentral.com/content/supplementary/1475-2875-12-361-S1.pptx
http://www.biomedcentral.com/content/supplementary/1475-2875-12-361-S2.pptx
http://www.biomedcentral.com/content/supplementary/1475-2875-12-361-S3.xlsx
http://www.biomedcentral.com/content/supplementary/1475-2875-12-361-S4.xlsx
http://www.biomedcentral.com/content/supplementary/1475-2875-12-361-S5.docx
http://www.biomedcentral.com/content/supplementary/1475-2875-12-361-S6.xlsx
http://www.biomedcentral.com/content/supplementary/1475-2875-12-361-S7.xlsx
http://www.biomedcentral.com/content/supplementary/1475-2875-12-361-S8.xlsx
http://www.biomedcentral.com/content/supplementary/1475-2875-12-361-S9.xlsx
http://www.biomedcentral.com/content/supplementary/1475-2875-12-361-S10.xlsx


Li et al. Malaria Journal 2013, 12:361 Page 8 of 8
http://www.malariajournal.com/content/12/1/361
2. Delacollette C, D'Souza C, Christophel E, Thimasarn K, Abdur R, Bell D, Dai
TC, Gopinath D, Lu S, Mendoza R, Ortega L, Rastogi R, Tantinimitkul C,
Ehrenberg J: Malaria trends and challenges in the Greater Mekong
Subregion. Southeast Asian J Trop Med Public Health 2009, 40:674–691.

3. Cui L, Yan G, Sattabongkot J, Cao Y, Chen B, Chen X, Fan Q, Fang Q,
Jongwutiwes S, Parker D, Sirichaisinthop J, Kyaw MP, Su XZ, Yang H, Yang Z,
Wang B, Xu J, Zheng B, Zhong D, Zhou G: Malaria in the Greater Mekong
Subregion: Heterogeneity and complexity. Acta Trop 2012, 121:227–239.

4. Wootton JC, Feng X, Ferdig MT, Cooper RA, Mu J, Baruch DI, Magill AJ, Su
XZ: Genetic diversity and chloroquine selective sweeps in Plasmodium
falciparum. Nature 2002, 418:320–323.

5. Roper C, Pearce R, Nair S, Sharp B, Nosten F, Anderson T: Intercontinental
spread of pyrimethamine-resistant malaria. Science 2004, 305:1124.

6. Dondorp AM, Nosten F, Yi P, Das D, Phyo AP, Tarning J, Lwin KM, Ariey F,
Hanpithakpong W, Lee SJ, Lee SJ, Ringwald P, Silamut K, Imwong M,
Chotivanich K, Lim P, Herdman T, An SS, Yeung S, Singhasivanon P, Day NP,
Lindegardh N, Socheat D, White NJ: Artemisinin resistance in Plasmodium
falciparum malaria. N Engl J Med 2009, 361:455–467.

7. Noedl H, Se Y, Sriwichai S, Schaecher K, Teja-Isavadharm P, Smith B,
Rutvisuttinunt W, Bethell D, Surasri S, Fukuda MM, Socheat D, Chan Thap L:
Artemisinin resistance in Cambodia: a clinical trial designed to address
an emerging problem in southeast Asia. Clin Infect Dis 2010, 51:e82–e89.

8. WHO: Development of a strategy towards elimination of Plasmodium
falciparum parasites with altered response to artemisinins. Geneva: World
Health Organization; 2009:52.

9. Carrara VI, Zwang J, Ashley EA, Price RN, Stepniewska K, Barends M,
Brockman A, Anderson T, McGready R, Phaiphun L, Proux S, van Vugt M,
Hutagalung R, Lwin KM, Phyo AP, Preechapornkul P, Imwong M,
Pukrittayakamee S, Singhasivanon P, White NJ, Nosten F: Changes in the
treatment responses to artesunate-mefloquine on the northwestern
border of Thailand during 13 years of continuous deployment. PLoS One
2009, 4:e4551.

10. Kumar A, Chery L, Biswas C, Dubhashi N, Dutta P, Dua VK, Kacchap M, Kakati
S, Khandeparkar A, Kour D, Mahajan SN, Maji A, Majumder P, Mohanta J,
Mohapatra PK, Narayanasamy K, Roy K, Shastri J, Valecha N, Vikash R, Wani R,
White J, Rathod PK: Malaria in South Asia: prevalence and control.
Acta Trop 2012, 121:246–255.

11. WHO: Strengthening malaria control for ethnic minorities in the Greater
Mekong Subregion. http://wwwwprowhoint/NR/rdonlyres/4B162E2E-11BE-4C92-
8304-A6D129E0AF75/0/ADB_FinalProjectReportpdf 2008.

12. WHO: Malaria in the Greater Mekong Subregion: regional and country profiles.
Geneva: World Health Organization; 2008:59. http://www.searo.who.int/
myanmar/documents/malariainthegreatermekongsubregion.pdf.

13. Mikael G (Ed): Exploring Ethnic Diversity in Burma. Copenhagen: Nordic
Institute of Asian Studies; 2007:283.

14. 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, 11:1119–1127.

15. Brown T, Smith LS, Oo EKS, Shawng K, Lee TJ, Sullivan D, Beyrer C, Richards
AK: Molecular surveillance for drug-resistant Plasmodium falciparum in
clinical and subclinical populations from three border regions of Burma/
Myanmar: cross-sectional data and a systematic review of resistance
studies. Malar J 2012, 11:333.

16. Mullany LC, Richards AK, Lee CI, Suwanvanichkij V, Maung C, Mahn M,
Beyrer C, Lee TJ: Population-based survey methods to quantify
associations between human rights violations and health outcomes
among internally displaced persons in eastern Burma. J Epidemiol
Commun Health 2007, 61:908–914.

17. Francis D, Gasasira A, Kigozi R, Kigozi S, Nasr S, Kamya MR, Dorsey G: Health
facility-based malaria surveillance: the effects of age, area of residence
and diagnostics on test positivity rates. Malar J 2012, 11:229.

18. Prothero RM: Malaria, forests and people in Southeast Asia. Singapore J
Trop Geogr 1999, 20:76–85.

19. Erhart A, Ngo DT, Phan VK, Ta TT, Van Overmeir C, Speybroeck N, Obsomer
V, Le XH, Le KT, Coosemans M: Epidemiology of forest malaria in central
Vietnam: a large scale cross-sectional survey. Malar J 2005, 4:58.

20. Grundy-Warr C: The silence and violence of forced migration: The
Myanmar-Thailand border. In International Migration in Southeast Asia.
Edited by Ananta A, Arifin NA. Singapore: ISEAS Publications; 2004:228–272.
21. Williams HA, Hering H, Spiegel P: Discourse on malaria elimination: where
do forcibly displaced persons fit in these discussions? Malar J 2013,
12:121.

22. Cui L, Escalante AA, Imwong M, Snounou G: The genetic diversity of
Plasmodium vivax populations. Trends Parasitol 2003, 19:220–226.

23. Zhou G, Sirichaisinthop J, Sattabongkot J, Jones J, Bjornstad ON, Yan G, Cui
L: Spatio-temporal distribution of Plasmodium falciparum and P. vivax
malaria in Thailand. Am J Trop Med Hyg 2005, 72:256–262.

24. Hui FM, Xu B, Chen ZW, Cheng X, Liang L, Huang HB, Fang LQ, Yang H,
Zhou HN, Yang HL, Zhou XN, Cao WC, Gong P: Spatio-temporal
distribution of malaria in Yunnan Province, China. Am J Trop Med Hyg
2009, 81:503–509.

25. Yan J, Li N, Wei X, Li P, Zhao Z, Wang L, Li S, Li X, Wang Y, Li S, Yang Z,
Zheng B, Zhou G, Yan G, Cui L, Cao Y, Fan Q: Performance of two rapid
diagnostic tests for malaria diagnosis at the China-Myanmar border area.
Malar J 2013, 12:e73.

26. Molineaux L, Gramiccia G: The Garki Project: Research on the epidemiology
and control of malaria in the Sudan Savanna of West Africa. Geneva: World
Health Organization; 1980.

27. Ceesay SJ, Casals-Pascual C, Erskine J, Anya SE, Duah NO, Fulford AJC, Sesay
SSS, Abubakar I, Dunyo S, Sey O, Palmer A, Fofana M, Corrah T, Bojang KA,
Whittle HC, Greenwood BM, Conway DJ: Changes in malaria indices
between 1999 and 2007 in The Gambia: a retrospective analysis. Lancet
2008, 372:1545–1554.

28. Anderson RM, May RM: Infectious diseases of humans. Dynamics and control.
Oxford: Oxford University Press; 1992.

29. Lin H, Lu L, Tian L, Zhou S, Wu H, Bi Y, Ho SC, Liu Q: Spatial and temporal
distribution of falciparum malaria in China. Malar J 2009, 8:130.

30. Rajagopalan PK, Jambulingam P, Sabesan S, Krishnamoorthy K, Rajendran S,
Gunasekaran K, Kumar NP, Prothero RM: Population movement and
malaria persistence in Rameswaram Island. Soc Sci Med 1986, 22:879–886.

doi:10.1186/1475-2875-12-361
Cite this article as: Li et al.: Risk factors associated with slide positivity
among febrile patients in a conflict zone of north-eastern Myanmar
along the China-Myanmar border. Malaria Journal 2013 12:361.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study region and data
	Data analysis

	Results
	Demographic characteristics
	Malaria infections as a relatively minor component of febrile illness
	Temporal trends in malaria cases
	Risk factor analysis of malaria infections
	Infection history and slide positivity risk

	Discussion
	Additional files
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice




