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Abstract

Background Due to the low prevalence of clinically suspected malaria among pregnant women in Myanmiar, little
is known about its impact on mothers and newborns. Helminth and Human Immuno-deficiency Virus (HIV) co-infec-
tions cause anemia in pregnant women. This study assessed the prevalence of subclinical malaria and co-infections
among pregnant women, and its association with adverse outcomes of pregnancy in the presence of infection.

Methods A prospective longitudinal study was conducted in 12 villages in two townships in Myanmar
between 2013 to 2015. A total of 752 pregnant women, with a mean age of 27 years, were enrolled and followed
up once a month until six weeks after childbirth. Prevalence ratio was calculated in the multivariable analysis.

Results The prevalence of subclinical malaria as measured by nested PCR was 5.7% for either P, falciparum or P vivax,
2.7% prevalence of P, falciparum and 2.8% prevalence of P vivax. Helminth infections were prevalent in 17% of women,
and one woman with an HIV infection was found in our study. The burden of anemia was high, with an overall preva-
lence of 37% with or without helminth infection, 42% of the women were malaria positive and 43% had dual infec-
tions (both malaria and helminth). Only 11 abnormal pregnancy outcomes (7 stillbirths, 2 premature, 2 twins) were
identified. Poisson regression showed that women in their first trimester had a 2.9 times higher rate of subclinical
malaria compared to women in the third trimester (PR:2.9, 95%Cl 1.19, 7.31, p=0.019), women who were enrolled dur-
ing the wet season were 2.5 times more likely to be malaria positive than the women enrolled in the dry season (PR:
2.5,95%Cl 1.27,4.88, p=0.008), and the malaria positivity rate decreased by 5% when increased in one year of wom-
an’s age (PR:0.95, 95%Cl 0.91, 0.99, p=0.02). In the multivariable regression, the age of respondents was the only
significant factor associated with subclinical malaria in pregnancy.

Conclusions A comprehensive approach of integrating interventions for malaria, anemia, and helminths should be
delivered during antenatal care services for pregnant women in rural areas of Myanmar.
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Background

Globally, in 2020, 11.6 million (34%) pregnant women
experienced malaria during pregnancy, mainly in mod-
erate-to-high transmission settings. However, the total
burden of subclinical malaria among pregnant women is
unknown [1]. Asymptomatic malaria in pregnancy con-
tributes to low birth weight (LBW), premature birth,
babies who are small for gestational age (SGA), and
maternal and newborn anemia [2—8]. The burden of clin-
ically suspected malaria in pregnant women in Myanmar
was 1-2% in 2016, whereas the prevalence of confirmed
positive rapid diagnosis test (RDT) malaria in general
populations was 0.23% [9, 10]. The clinical and epidemio-
logic impacts of treating or not treating these cases are a
topic of debate [11]. Treatment is not recommended for
asymptomatic parasitemia in low transmission settings,
but more evidence is needed to understand the impact of
subclinical malaria on pregnancy and newborns [2, 12].

Malaria during pregnancy poses a significant risk of
anemia, with its adverse effects extending to newborns
via umbilical cord transmission, particularly in expect-
ant mothers with confirmed malaria through microscopy
[13-15]. According to the World Health Organization
(WHO) in Africa malaria-associated maternal illness and
anemia, along with preterm birth and LBW in infants,
are predominantly linked to P falciparum infection. In
regions with moderate-to-high malaria transmission set-
tings, P. vivax infection is associated with maternal ane-
mia and placental parasitemia, which can cause LBW
contributing to infant mortality as a result of chronic
anemia [16].

Several studies have identified adverse effects of
asymptomatic malaria throughout pregnancy. In Colom-
bia, mild-to-moderate malaria-related anemia was found
in most of the affected women [17], while in Papua
New Guinea chronic placental malaria was significantly
associated with LBW and preterm birth in [7]. In India,
the prevalence of malaria was 29.3%, with 20.8% being
asymptomatic, associated with 92.4% of anemia among
pregnant women [18]. A study among antenatal clinics
along the Thai—Myanmar border revealed that both Plas-
modium falciparum and P. vivax malaria were associated
with preterm birth [4, 19].

Intestinal parasitic infections also increase ane-
mia in pregnant women, resulting in lower pregnancy
weight gain and intrauterine growth retardation, lead-
ing to LBW [18]. Intestinal parasites with or without
malaria co-infection are a major public health problem
due to the socio-economic development in low- and

middle-income countries, especially in sub-Saharan
Africa [20, 21]. Prevalence of soil-transmitted intesti-
nal helminth (STH) with malaria co-infection was 7% in
Ethiopia [21] and 16.6% in Ghana [22]. A meta-analysis
of findings for African countries revealed that pregnant
women infected with hookworm had a 1.3 times higher
risk of getting a malaria infection compared with those
without hookworm infection [23] and were more sus-
ceptible to developing clinical malaria [24, 25].

Studies in sub-Saharan Africa have shown that mater-
nal malaria can influence and increase the risk of
Human Immuno-deficiency Virus (HIV) prevalence,
mother-to-child HIV transmission through placental
malaria, and transient and repeated elevation of HIV
viral load for mothers with HIV [26-31]. In low- and
middle-income countries, the superimpose of other co-
infections, such as HIV and helminths, on malaria in
pregnancy causes an increased risk of adverse maternal
and perinatal outcomes [5, 26-28, 30, 31]. Studies in
Uganda revealed that the dual infection of malaria and
intestinal helminths were more common in younger
women with HIV co-infection [32, 33]. Instead, malaria
and HIV co-infection had a stronger association with
anemia compared to helminth infection [32, 33].

There is a substantial knowledge gap concerning
malaria in pregnancy, with most observations coming
from sub-Saharan African populations. The data avail-
able from the South-East Asia region, where transmis-
sion patterns differ and mixed infections are prevalent,
remain limited. In Myanmar, studies conducted along
the Thailand—Myanmar border utilized microscopy to
assess malaria in pregnant individuals [4, 19]. However,
information regarding subclinical malaria among preg-
nant women is notably absent. Longitudinal surveil-
lance in the Chittagong Hill Districts of Bangladesh,
adjacent to the Myanmar border, revealed that 2.3%
of pregnant women harbored asymptomatic malaria,
demonstrating 5.4 times higher infection odds com-
pared to men and non-pregnant women. Unfortunately,
this study did not measure co-infections with helminths
or HIV [34]. Another study from the Thai—-Myanmar
border highlighted the association between hookworm
infection, low birth weight, heightened malaria risk,
and maternal anemia [35]. Many studies have looked at
the burden of malaria during pregnancy and its effect
on maternal health and childbirth, but data did not
cover the integration of malaria with other co-infec-
tions, such as HIV and intestinal parasites in different
transmission endemicity sites in Myanmar [19, 36-38].
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More evidence on this problem could help reduce
maternal morbidity and mortality, ultimately improving
child health outcomes in Myanmar.

This longitudinal study aimed to identify: (1) the preva-
lence of subclinical malaria among pregnant women; (2)
the prevalence of co-infections with HIV and intestinal
parasites during pregnancy; (3) the burden of anemia
during pregnancy; and (4) the outcome of pregnancy in
the presence of infections.

Methods

Study design and settings

The study was designed as a prospective longitudinal
study among pregnant women in Myanmar and con-
ducted from August 2013 to March 2015 in 12 malaria-
endemic remote villages from two townships, Shwe Kyin
and Madaya (six villages from each township), located in
Bago and Mandalay Region, respectively (2 of 14 admin-
istratively divided regions of Myanmar) (Fig. 1).

Malaria is highly seasonal, with a high positivity rate
in the rainy/monsoon season and low in the dry season.
The peak rainy season is typically June—September and
August—October in Bago and Mandalay Region, respec-
tively [39]. Therefore, data were collected during both
rainy and dry seasons.

In Myanmar, midwives are the front-line service
providers as well as the local public health workforce
embedded within the communities of the villages in the
rural settings under the Township Health Department.
Midwives are responsible for skilled birth attendance,
providing care and treatment of pregnant women, new-
born care, not limited to vaccination and primary health
care for other infectious diseases, including malaria.
The Maternal and Reproductive Health (MRH) pro-
gram trains and supervises midwives for maternal and
child health care. The National Malaria Control Pro-
gram (NMCP) assigns responsibility for the prevention,
diagnosis and treatment of malaria, by supporting rapid
diagnostics tests (RDT) and related commodities to mid-
wives, following the Guidelines for Malaria Diagnosis
and Treatment in Myanmar [40]. In addition, the Preven-
tion and Treatment of Mother-to-Child Transmission
(PMTCT) program is responsible for diagnosis, care and
treatment of HIV in pregnant women under the umbrella
of the National AIDS Program (NAP).

The Department of Medical Research (DMR) and the
NMCP under the Ministry of Health in Myanmar co-
led the fieldwork for this study. Thus, this study demon-
strated the collaborative effort of different departments,
with the integration of three national programs through
midwives to detect malaria, anemia, STH and HIV in
rural settings in Myanmar.
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Fig. 1 Map of Myanmar with study sites; Shwe Kyin in Bago Region
and Madaya in Mandalay Region

Sampling and sample size

We aimed to enroll a sample of approximately 350—
400 pregnant women per study site. This sample size
was estimated to provide adequate statistical power if
the prevalence was at least 10% subclinical malaria by
PCR, with a 5% type 1 error. Study participants were
recruited primarily through the local midwife at the
time of their antenatal care visits. The cohort of preg-
nant women was recruited with eligibility criteria as
follows: (1) confirmed pregnancy, (2) residence within
the study villages, (3) the ability and willingness to con-
tinue receiving antenatal care at the sub-centers in the
study villages, (4) the ability and willingness to com-
ply with the study protocol including monthly follow-
up visits until childbirth. Participants were provided
with written informed consent. The consenting process
comprised pre- and post-test counseling for HIV test-
ing following the HIV testing and treatment guidelines
from PMTCT/NAP. Women with HIV reactive had to
be referred to a PMTCT/NAP clinic at the township
or regional hospital for confirmatory testing to con-
firm their HIV status as per the national HIV testing
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algorithm and further care and treatment [41]. Those
who had been treated for malaria infections within
4 weeks prior to enrollment and with any clinical illness
requiring immediate medical attention were excluded.
The latter were referred to appropriate antenatal care
services at the study sites.

Data and biological sample collection

The data and biological samples were collected by
trained experienced study midwives from selected vil-
lages. Socio-demographic data were collected using a
standardized questionnaire including age, education,
occupation, gestation of current pregnancy (estimated
from the date of last menstrual period, if available, and
the measured fundal height), medical history including
any chronic medical illness, hospitalizations in the three
months prior to enrollment, social history, and review
of any clinical symptoms at the time of enrollment. Oral
temperature and vital signs were taken, and an abdomi-
nal examination was performed to record fundal height
and fetal heart rate at enrollment and monthly follow-up
visits.

Finger prick blood was taken at enrollment and dur-
ing monthly follow-up visits to prepare a malaria blood
smear and dried blood spot (DBS) for polymerase chain
reaction (PCR) analysis. Finger prick blood was also
collected at enrollment for the real-time measurement
of hemoglobin concentration, using standard hemo-
globin point-of-care testing with the Haemocue device
(HemoCue 201plus System) and HIV testing using a
rapid diagnostic test (SD BIOLINE HIV-1/2 3.0 test).

A stool sample was taken once during the study as soon
as it was available before the participant received stand-
ard presumptive treatment of STH with mebendazole,
following the National Guideline for Antenatal Care for
Service Providers [42]. Macro- and microscopic exami-
nation of the stool sample was performed in real-time
in a local clinical lab by two independent, experienced
microscopists.

Due to the limited availability of malaria rapid diagnos-
tic tests at the time of the study, RDT (Standard Diagnos-
tics, Inc., Suwon, Korea) tests were recommended only
for those with symptoms suggestive of malaria as defined
by the NMCP. Those with acute malaria illness confirmed
by RDT or microscopy, stool-positive STH, HIV-positive,
or hemoglobin below 10 mg/dL were referred to an ante-
natal care team for appropriate treatment following the
national standard treatment guidelines. At childbirth, the
term of pregnancy and pregnancy outcomes, including
the newborn’s birth weight, were recorded. Finger prick
blood from the mother was taken for malaria smear and
PCR analysis at the time of childbirth.
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Laboratory methods

Malaria microscopy

Thick- and thin-blood smears were prepared using
Giemsa stain and independently examined under a light
microscope by two experienced microscopists. One hun-
dred fields of a thick smear were screened before report-
ing. If the thick smear was positive, 200 fields of a thin
smear were screened for species identification. Standard
Operations Procedure was developed for internal quality
assurance of malaria microscopy according to the WHO
Malaria Microscopy Quality Assurance Manual—version
2 [43]. Ten per cent of randomly selected negative slides
and all positive slides examined by the field microsco-
pist were cross-checked by an independent microscopist
from DMR. All microscopists were certificated as level 1
by WHO monitors.

Conventional nested real-time PCR (nested-PCR)

We used nested-PCR as the gold standard laboratory
method to identify subclinical malaria [44]. DNA was
extracted from dried blood spots using the QIAamp 96
DNA Blood Kit (Qiagen, Valencia, CA) following the
manufacturer’s instructions, and the total elution DNA
volume for each sample was 100 pL. The nested-PCR
was based on primers targeted to the 18S ribosomal RNA
gene described previously. Briefly, the first amplification
reaction used 2 pL of individual DNA in a 20-pL reac-
tion mixture (0.25 mM dNTP, 10 mM Tris—HCL, 30 mM
KCl, 1.5 mM MgCl2, and 1.0 unit of Taq polymerase con-
taining 0.02 mM primers). The second amplification was
accomplished by using 2 pL of the first PCR product as a
template under the same 20 pL reaction mixture condi-
tions. The cycling conditions were as follows: 95 °C for
5 min, 30 cycles of 95 °C for 30 s, 55 °C for 1 min, and
72 °C for 2 min, followed by a single 60 °C elongation step
for 10 min. Amplified products were visualized in 2% aga-
rose gels stained with ethidium bromide. The expected
sizes of the P, falciparum and P. vivax PCR products were
206 and 121 base pairs, respectively.

Stool examination

Stool samples were processed and examined within 6 h
of collection. Routine microscopic examination was per-
formed to determine the presence of eggs or, Ascaris
lumbricoides, Trichuris trichiura or hookworm using
the application of the Kato—Katz method following the
WHO guidelines [45].

Data management

Survey data collected by the trained study midwives were
double-entered and validated by experienced data entry
staff from DMR using EpiData Entry software (version
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3.1 EpiData Association, Odense, Denmark). Validated
data were cleaned and analyzed using STATA statistical
software (version 15.0, College Station, Texas, USA).

Measures

Subclinical or asymptomatic malaria was defined as
positive malaria by microscopy or PCR, without signs or
symptoms specific to malaria (fever or history of fever
24 h prior to enrollment) [46, 47]. Malaria infection was
counted as mono- or mixed infection of P. falciparum or
P, vivax, detected by microscopy or PCR. Malaria preva-
lence was calculated as the proportion of tested samples
that were positive by each method of detection.

The age of pregnancy was defined as the first
(1-12 weeks of gestation by fundal height), second (13-
26 weeks) and third (27—-40 weeks) trimester.

Anemia was defined as mild, moderate or severe ane-
mia with hemoglobin concentrations of 10-10.9 g/dL,
7-9.9 g/dL, or less than 7 g/dL, respectively.

Seasonal variation was classified by the known sea-
sonal transmission patterns at the time of study enroll-
ment: June—September and August—-October were
defined as the high transmission season in Shwe Kyin and
Madaya sites, respectively, and the rest of the year was
defined as low transmission.

Data analysis

Descriptive analysis was performed using standard meas-
ures of variabilities such as the mean, median, and range,
or frequencies and percentages, based on the type of var-
iables. The socio-demographic and risk factors between
the two study sites were compared using a Chi-square
test or Fisher’s exact test. The prevalence of malaria by
the two detection methods and the prevalence of ane-
mia in the presence of malaria and/or helminth infection
were compared using 2X2 table. Poisson regression with
robust variance was used to analyze the prevalence ratio
of asymptomatic malaria and identify the association of
covariates (age of participant, age of pregnancy, gravid-
ity, presence of clinical symptoms and fever or history of
fever in 24 h prior to enrollment, education, occupation,
the time of study enrollment (rainy vs dry season), and
study site). Risk factors with p <0.2 were considered for
the multivariable model, and goodness-of-fist was tested
for the best-fit model. The level of significance was set at
»<0.05.

Results

We recruited a total of 752 pregnant women (384 in Shwe
Kyin and 368 in Madaya) within two consecutive years.
The response rate was 95% at the time of enrollment, and
26% had dropped out by the end of the study.
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Demographic characteristics

Out of 752 pregnant women enrolled in the study, an
almost equal number of pregnant women were from the
Shwe Kyin and Madaya townships (384 and 368 women)
(see Table 1). The pregnant women from both study sites
were relatively young (mean age 27 years, standard devia-
tion 6.2), and more than half of the women passed pri-
mary school education (52.9% and 56%, respectively) in
Shwe Kyin and Madaya. Many pregnant women were
primigravid (35.9% in Shwe Kyin and 43.5% in Madaya).
Regarding malaria symptoms, most of the women in
Shwe Kyin were completely asymptomatic compared to
Madaya (97.1% vs 70.9%), but more women from Shwe
Kyin had fever at the time of examination compared to
Madaya (5.2% vs 0.8%). The mean hemoglobin values of
pregnant women in Shwe Kyin and Madaya were similar
(10.2 g/dl and 10.4 g/dl, respectively).

Proportion of subclinical malaria and its seasonal pattern

The prevalence of mixed P falciparum and P vivax
malaria was tested by microscopy and nested PCR
(nested-PCR) among 752 pregnant women. The preva-
lence of subclinical malaria by nested PCR was 5.7% for

Table 1 Demographic characteristics of pregnant women at the
time of enrollment

Demographic characteristics Study sites Total
n (%)
Shwe Kyin Madaya
n (%) n (%)
(N=384) (N=368) (N=752)
Mean age (SD) (years) 272(6.24) 274 (6.23) 27.3(6.23)
Education
llliterate 5(1.3) 15 (4.1) 20 (2.7)
Can read/write/primary school 203 (529) 206 (56.0) 409 (54.4)
With at least secondary school 155 (40.4) 142 (38.6) 297 (39.5)
Gestation (week) (by fundal height)
Median (IQR) 1st trimester? 12 (5-13) 8(3-13) 10 (3-13)*
Median (IQR) 2nd trimester® 22 (14-26) 20 (14-26) 20 (14-26)*
Gravidity
Primigravid 138 (35.9) 160 (43.5) 298 (39.6)
Secundigravid 89(23.2) 104 (28.3) 193 (25.7)
Completely asymptomatic 373(97.1) 261 (70.9) 634 (84.3)/A
With fever® 20(5.2) 3(0.8) 23 (3.1)A
Mean (SD) body weight (Kg) 524(750) 514(875) 51.9(8.14)
Mean (SD) hemoglobin (g/dl) 10.2(1.28) 104 (1.31) 103 (1.30)*

IQR: interquartile range

" p<0.05 by t-test, Ap < 0.05 by Pearson Chi2

@ Gestational age 1-13 week

b Gestational age 14-26 week

¢ Fever defined as axillary temperature > 37.5 °C or reported fever in 24 h prior
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any species, 2.7% for P. falciparum and 2.8% for P. vivax
(see Table 2).

The seasonal pattern of malaria positivity by month in
the two study townships during the study period (2013—
2015) is described in Additional file 1. Overall, malaria
positivity in the two study sites was less than 1%, with the
lowest of 0.1% in the dry season (February to May) and
the highest of 0.5% in the wet season. The malaria posi-
tivity pattern comprised two peaks, June—October and
December—January, with a noticeable increase of about
0.4—0.5% in September—October in both study sites. The
episode of subclinical malaria among pregnant women in
two study sites using rt-PCR during longitudinal visits is
described in Additional file 2.

Progression of symptomatic disease

We identified only one pregnant woman who had base-
line P. falciparum malaria positive by nested PCR, which
appeared to be persistent P. falciparum malaria positive
by microscopy during follow-up. She was 23 years old,
secundigravida from Shwe Kyin Township, having symp-
toms during the baseline visit (temperature=37.7 °C) but
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no fever during follow-up visits. She had mild anemia
(hemoglobin=10.6 g/dl), no co-infections by HIV and
soil-transmitted helminths, and her pregnancy outcome
was normal live birth.

Proportion of co-infections among pregnant women

The overall prevalence of helminth infection was 10.4%
among pregnant women, with the prevalence among
women in Shwe Kyin being suggestively higher than the
prevalence among women in Madaya (17.8% vs. 2.5%)
(see Table 3). Only one woman with HIV was found in
Shwe Kyin. The prevalence of subclinical malaria with
helminth infection was higher in the Shwe Kyin Township
(5.8% vs. 4.6%). Malaria and soil-transmitted infections in
pregnant women by villages in two study townships are
described in Additional file 3. No co-infection of subclin-
ical malaria with HIV was found in this study.

Anemia in pregnancy

The proportion of pregnant women with anemia
(hemoglobin <10 g/dl) with or without malaria and
soil-transmitted helminths co-infections (see Table 4).

Table 2 Prevalence of subclinical malaria among pregnant women in two study sites using microscopy and rt-PCR during

longitudinal visits

Pathogen positive Diagnostic method Positive rate by study sites Total*
0
Shwe Kyin Madaya n (%)
n (%) n (%)
(N=384) (N=368) (N=752)
Any malaria positive Prevalence by rt-PCR 26 (6.77) 17 (4.62) 43 (5.72)
Once by microscopy 5(1.30) 2(0.54) 7 (0.93)
Once by rt-PCR 20(5.21) 12 (3.26) 32(4.26)
>Twice by microscopy 1(0.26) - 1(0.13)
>Twice by rt-PCR 6 (1.56) 5(1.36) 1(1.46)
P, falciparum positive Prevalence by rt-PCR 13(3.39) 7 (1.90) 20 (2.66)
Once by microscopy 3(0.78) 1(0.27) 4(0.53)
Once by rt-PCR 1(2.86) 6(1.63) 17 (2.26)
>Twice by microscopy - - -
>Twice by rt-PCR 2(0.52) 1(0.27) 3(040)
P vivax positive Prevalence by rt-PCR 13(3.39) 8(2.17) 21(2.79)
Once by microscopy 2(0.52) 1(0.27) 3(0.40)
Once by rt-PCR 9(2.34) 4(1.09) 13(1.73)
>Twice by microscopy 1(0.26) - 1(0.13)
>Twice by rt-PCR 4(1.04) 4(1.09) 8(1.06)
Mixed infection positive** Prevalence by rt-PCR - 2 (0.54) 2(0.27)
Once by microscopy - - -
Once by rt-PCR - - -
> twice by microscopy - - -
> twice by rt-PCR - 2(0.54) 2(0.27)

" Pearson Chi2 and Fisher’s exact test are statistically not significant

** P. falciparum and P. vivax were tested positive in different time points in monthly visits
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Table 3 Prevalence of co-infections among pregnant women
Prevalence of co-infection among pregnant women Study sites Total*
n (%)
Shwe Kyin Madaya
n (%) n (%)
Prevalence of HIV infection (N=384) (N=368) (N=752)
1(0.26) 0(0.00) 1(0.13)
Prevalence of helminth infection (N=375) (N=78) (N=453)
69 (18.40) 9(11.54) 78(17.22)
Prevalence of subclinical malaria with helminth infection (N=69) (N=9) (N=78)
4 (5.80) 3(3333) 7(8.97)
Prevalence of subclinical malaria with HIV infection (N=1) (N=0) (N=1)
0(0.0) 0(0.0) 0(0.0)
" Pearson Chi2 and Fisher’s exact test are statistically not significant
Table 4 Prevalence of anemia (hemoglobin <10 g/dl) in pregnant women with or without co-infections
Prevalence of anemia in pregnant women Study sites Total*
n (%)
Shwe Kyin Madaya
n (%) n (%)
Prevalence of anemia among pregnant women? (N=384) (N=368) (N=752)
152 (39.6) 124 (33.7) 276 (36.7)
Prevalence of anemia without subclinical malaria (N=358) (N=351) (N=709)
140 (39.1) 118 (33.6) 258 (36.4)
Prevalence of anemia with subclinical malaria infection (N=26) (N=17) (N=43)
12 (46.2) 6(35.3) 18 (41.9%)
Prevalence of anemia with helminth infection (N=69) (N=9) (N=78)
25(36.2) 3(33.3) 28 (35.9)
Prevalence of anemia with both infections (subclinical malaria and hel- (N=4) (N=3) (N=7)
minth infection) 2 (500) 1(33.3) 3(429)

“ Pearson Chi2 and Fisher’s exact test are statistically not significant

2 Hemoglobin < 10 g/dL with moderate-severe anemia

More than one-third of pregnant women had ane-
mia (36%) with a similar pattern in both study sites,
whether with or without subclinical malaria. Pregnant
women who were only malaria positive were found to
have a high prevalence of anemia (41.9%) compared to
malaria-negative women (36.4%%).

The mean hemoglobin level of women with a single
infection (“only malaria positive” or “only any stool
positive” or “only protozoa positive” or “only helminth
positive”) was not much different from those women
who had no malaria nor parasitic infections (“both neg-
ative”) (see Additional file 4). However, 10 women with
multiple parasitic infections only (Additional file 4,
Fig. 2d) had a lower hemoglobin level of 9.3 g/dl com-
pared to women with a single infection, either malaria
only or any parasitic infection only. In contrast, two
women with malaria and protozoa infections (Addi-
tional file 4, Fig. 2b) had the lowest hemoglobin level of
8.15 g/dl, among others.

Proportion of soil-transmitted infections

The number of stool samples collected and exam-
ined from Shwe Kyin was five times larger than those
collected in Madaya (375 vs. 78, respectively) (see
Fig. 2). About one-third of women from Shwe Kyin
were infected with any parasites positive compared to
about one-fourth of women from Madaya. Out of 453
stool samples, 17.2% of those with helminth infection
(Shwe Kyin=18.4%, Madaya=11.5%) were examined
by microscopy for soil-transmitted helminths infection.
Ascaris lumbricoides and Trichuris trichiura were the
most predominant infections among pregnant women
in both study sites. Pregnant women from Shwe Kyin
suffered a significantly higher rate of helminth infec-
tions compared to women from Madaya (Ascaris Lum-
bricoides: 9.73% vs. 2.56%; Trichuris trichiura: 6.48% vs.
1.28%). Detailed types of observed intestinal parasites
(both helminth and protozoa) are presented in Addi-
tional file 5.
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Fig. 2 Frequency of observed intestinal parasites in pregnant women by study townships (Pearson’s Chi-squared test p-value 0.13)

Proportion of HIV infection

Among 752 enrolled women, 624 women were tested for
HIV, and only one primigravid woman (0.16%) was HIV
positive from Shwe Kyin Township (age 27 years). She
was anemic (Hb=7.2 g/dl) but had no fever (tempera-
ture=35.8 °C) at enrollment. Regarding co-infections,
she had no malaria based on both microscopy and nested
PCR. However, she tested positive for soil-transmit-
ted helminth infection (Fasciolopsis buski) from stool
examination.

Outcome of pregnancy in the presence of infections
Among 655 pregnant women with childbirth data,
644 (98.3%) women had a normal pregnancy outcome
with normal live birth, while only 11 (1.7%) women had
abnormal pregnancy outcomes such as stillbirth (n=7),
premature birth (#=2) and twins (n=2). Among those
abnormal pregnancy outcomes, both microscopy and
nested PCR test results were malaria positive in only one
pregnant woman who had the stillbirth outcome, and
stool examination results were protozoa positive in only
one pregnant woman who had the pregnancy outcome of
twins.

Factors associated with subclinical malaria

among pregnant women

Pregnant women in their first trimester had a 2.9 times
higher rate of positive malaria compared to the women
in the third trimester (95% CI 1.19, 7.31, p=0.019) (see
Table 5). Besides, pregnant women who were enrolled
during the wet season were 2.49 times more likely to
be malaria positive than the women enrolled in the dry

season (95% CI 1.27, 4.87, p=0.008). In addition, the
malaria positivity rate decreased by 0.95 for increased in
one year of woman’s age. (95% CI 0.91, 0.99, p=0.02). In
the multivariable regression, the age of the respondents
was the only significant factor associated with subclinical
malaria in pregnancy.

Discussion
This study sheds light on the notably low prevalence of
subclinical malaria infections among pregnant women
residing in rural areas, regardless of whether the areas
were in high or low-endemic townships in Myanmar.
The overall prevalence of any malaria was 5.7%, with P
falciparum at 2.7% and P, vivax at 2.8%). Despite the geo-
graphical distance, these findings are relatively similar to
those in a study conducted in three south-eastern states/
regions of Myanmar that measured a subclinical malaria
prevalence of 3.2% [48]. However, our study revealed
heterogeneity in PCR prevalence for both P. falciparum
(2.7%) and P. vivax (2.8%) across the study sites. This is
similar to the findings from the Myanmar Malaria Indica-
tors Survey (MIS), which reported an overall PCR preva-
lence of P, falciparum at 0.74% and P. vivax at (0.52% [49].
Furthermore, our research highlighted seasonal vari-
ation and differences in malaria trends within the stud-
ied townships. Moreover, various townships, especially
across different states/regions in Myanmar, showed dif-
ferent seasonal variations, geographies and climates. This
indicates the unique epidemiological landscape of each
township. This suggests the need for finer-scale track-
ing technique for very low density parasitemia. Pois-
son regression analysis revealed that women in the first
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Table 5 Factors influencing prevalence ratio of subclinical malaria in pregnant women by rt-PCR
Potential risk factors Total (N=752) rt-PCR (+) Unadjusted PR (95% Cl) p-value* Adjusted PR (95% Cl) p-value*
n (%) (N=43)

Site

Madaya (Ref) 368 17 (4.6) 1 1

Shwekyin 384 26 (6.8) 1.078 (0.670, 1.736) 0.757 1412 (0.743, 2.683) 0.292
Season (=3 month in study)

Dry (Ref) 226 7(3.1) 1 1

Wet 526 36 (6.8) 2492 (1.274,4.875) 0.008 1.863 (0.821,4.228) 0137
Mean age 273 24.8 0.952 (0.912,0.993) 0.022 0.917(0.851,0.987) 0.021
Gravidity

Multigravida (Ref) 259 11(4.3) 1 1

Secundigravida 193 1 2326 (1.232,4.392) 0.009 1.137 (0480, 2.690) 0.771

Primigravid 298 19 1.564 (0.832,2.941) 0.165 0.718(0.279, 1.850) 0.493
FeverA at enrollment

Absent (Ref) 728 41 (5.6) 1 1

Present 23 2(8.7) 2.512(1.011,6.245) 0.047 1.273(0.321,5.049) 0.731
Gestation from fundal height

Third trimester (Ref) 129 5 (3. 1 1

Second trimester 460 29 (6.3) 1.870(0.793,4.410) 0.153 2.080 (0.737, 5.866) 0.166

First trimester 153 8 2.951(1.191,7.311) 0.019 1.862 (0.567,6.118) 0.306
Education - -

llliterate (Ref) 20 1(5.0 1

Literate 706 40 (5.7) 1.841(0.256, 13.270) 0.545

PR prevalence rate

" Poisson regression model with robust variance using the count episode of malaria positivity, AFever with 37.5 degree Celsius, PR: prevalence rate

trimester, those who enrolled during the wet season,
and younger women had a higher chance of subclinical
malaria infections. Similar patterns have been observed
in studies conducted in Bangladesh, Myanmar and Papua
New Guinea [7, 34, 48].

In our study, the gold standard screening assay, nested
PCR, effectively detected subclinical malaria five times
more than smear microscopy. Moreover, no persistent
positivity was detected in smear microscopy or RDT,
whereas nested PCR could detect persistent positivity
throughout the longitudinal monthly follow-up visits.
However, only one pregnant woman had progressive,
symptomatic malaria from a subclinical case. Findings
indicated that routine microscopy or RDT would miss a
large portion of subclinical malaria infections. In addi-
tion, the use of intermittent preventive treatment in preg-
nancy (IPTp) is the proven preventive method for malaria
in pregnancy in African settings [50-52]. However, in
this very low prevalence of subclinical malaria in Myan-
mar, IPTp is less advantageous as an effective preventive
measure. However, the burden of subclinical malaria in
Asia should not be neglected, as adverse pregnancy out-
comes associated with malaria infection are still a con-
cern. This calls for strengthening the surveillance system

to achieve early detection of subclinical malaria, which
would likely be beneficial for pregnant women and the
general population in general, given climate change and
the likely impact on the pattern of malaria infections.

It was found that helminth infection was higher among
pregnant women from Shwe Kyin compared to Madaya
(18.4% vs. 11.5%). Studies from the Thai—-Myanmar bor-
der revealed that the occurrence of STH infection in the
refugee and migrant populations was 30.8% and 16.7%,
respectively, which was comparable to the prevalence in
our study [53]. Findings also demonstrated that about
one-third (35.9%) of pregnant women who had helminth
infections were anemic similar to the other studies [21,
53, 54]. As a significant proportion of pregnant women
in this study were infected with helminths, the regular
MRH program should be strengthened and integrated
into routine antenatal care visits to prevent other associ-
ated outcomes, such as anemia, for pregnant women.

Regarding co-infections with malaria, an insignifi-
cant number of pregnant women infected by subclinical
malaria had helminth infections (0.9%), indicating much
lower co-infections compared to a study from Nigeria,
which had a significant proportion of pregnant women
who were infected with malaria, HIV, and helminth
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infections, leading to severe anemia [55]. In this study,
only one HIV-positive woman was found, which indi-
cated very low HIV positivity among pregnant women
in the rural areas of Myanmar. This study might suggest
that malaria and HIV co-infection may be uncommon in
Myanmar, unlike previous studies suggest [55, 56].

In our study, more than one-third of pregnant women
had anemia with or without co-infections. The prevalence
of anemia among pregnant women in Myanmar was
reported at 47.8% in 2019, according to the World Bank
collection of development indicators compiled from offi-
cially recognized sources [57]. Compared to these World
Bank data, the proportion of pregnancy-related anemia is
relatively low in our study. Only about one-third of preg-
nant women in our study had anemia, and this was con-
siderably high in our study with or without co-infections.
Therefore, although we could not conclude that anemia is
associated with malaria and/or helminth infections, the
proportion of pregnant women having anemia should
not be neglected. It is recommended to screen for early
diagnosis and treatment of anemia during antenatal vis-
its, and further study should explore the cause of anemia
among pregnant women. In addition, the data from this
study might underestimate the prevalence of malaria as
we recruited and tested pregnant women who sought
antenatal care from midwives. These pregnant women
might not be representative of all pregnant women in the
community. Findings suggested that the MRH program
should consider supporting midwife care by providing
one-stop testing of hemoglobin levels in rural areas to
enhance early diagnosis and treatment of anemia among
pregnant women in Myanmar.

We found seven stillbirths and two premature babies
as outcomes of pregnancy, although the association
with subclinical malaria was not statistically significant.
Many studies in Africa and Papua New Guinea show
that the risk of LBW and premature birth is doubled if
pregnant women had subclinical malaria positive with
co-infections [58-61]. In our study, we used a descrip-
tive approach in which it was not possible to evaluate the
pregnancy outcome due to the small sample size. Perhaps
there is a large population of women who do not see mid-
wives during pregnancy and a very low prevalence of sub-
clinical malaria. Future research is required to determine
the outcomes of pregnancy among pregnant women with
subclinical malaria.

This is the first longitudinal study to investigate sub-
clinical malaria and co-infections among pregnant
women in Myanmar. The other strengths of the study
include the successful recruitment and enrollment of
pregnant women through local midwives at antenatal
visits, the low dropout rate, enhanced follow-up visits
and study adherence, responsiveness and participation
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of the local community, and building community trust
in the study sites. This was possible to achieve due to
community engagement and multi-sector involvement.
There was a significant collaborative effort among the
townships’ public health workforce, including midwives.
There was also strong support from the township health
department in the process of the recruitment and imple-
mentation at the frontline from the NMCP and NAP in
the training of study teams, as well as administrative and
logistics support for testing and treatment of malaria and
HIV. Furthermore, the contribution of the Parasitology
Research Division from the DMR in training for mid-
wives and laboratory analysis of smear microscopy and
nested PCR was remarkable. In addition, this study dem-
onstrated research capacity by strengthening the local
public health workforce and assessing the training needs
of the study team to efficiently recruit, enroll, and follow
the target study population for future clinical studies.

This study also has some limitations. One of the limita-
tions was the convenient sampling of villages and preg-
nant women through the midwives at the antenatal care
visits. It might have led to selection bias, and our sam-
ple may not be representative of those women who are
not presenting for antenatal care with the midwives. In
addition, only one-fifth (21%) of the stool samples from
the participants in Madaya were tested due to the lack of
a research unit in Madaya. Furthermore, the laboratory
technician assigned to stool collection and processing
went on maternity leave during the study period without
any replacement. This might have led to an underestima-
tion of the prevalence of helminth infection in Madaya
Township. Also, the prevalence of subclinical malaria was
very small in our study, resulting in the inability to evalu-
ate the pregnancy outcome and effect of co-infection
among pregnant women.

Implications of the study

In rural settings in Myanmar, the three national pro-
grams (Maternal and Reproductive Health, NMCP, NAP)
should be integrated as a comprehensive one-stop ser-
vice for pregnant women during their antenatal visits to
midwives. This approach could be promising in ensur-
ing early diagnosis and treatment of malaria and ane-
mia, deworming programs, diagnosis and proper referral
of women with HIV to tertiary health centers. Further
research should use a larger samples size to better iden-
tify the risk factors for subclinical malaria and its impact
on pregnant women and newborns in low-prevalence
settings. In addition, further research designed based on
qualitative approach, such as in-depth interviews with
the sample group, should be conducted. It will help to
better understand the social and cultural context factors
that could potentially influence subclinical malaria in
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pregnant women and to find out possible solutions. Sur-
veillance systems should be strengthened and improved
to detect subclinical malaria (without symptoms) to
achieve the goal of malaria elimination by 2030.

Conclusions

This study revealed a low prevalence of diverse subclini-
cal malaria and co-infections among pregnant women
in rural areas, spanning both high and low malaria
endemicity sites in Myanmar. Despite this, overlook-
ing subclinical malaria in vulnerable populations would
be unwise, especially considering the aim for malaria
elimination by 2030. Notably, pregnancy-related anemia
prevalence remained significantly high across both study
sites, irrespective of the presence of subclinical malaria
or co-infections. This underscores the urgent need
for improved early detection and treatment of anemia
among pregnant women in rural areas.

Moreover, our findings indicated the presence of hel-
minth infections among pregnant women, signaling the
necessity to continue strengthening the deworming pro-
grams. A comprehensive approach targeting pregnant
women, integrating interventions for malaria, anemia,
and helminths should be advocated through antena-
tal care services delivered by basic health staff in rural
areas of Myanmar. Strengthening these integrated efforts
becomes crucial for addressing the health challenges
faced by pregnant women in these regions.

Abbreviations
DBS Dried blood spot
DMR Department of Medical Research

HIV Human Immuno-deficiency Virus

IPTp Intermittent preventive treatment in pregnancy
LBW Low birth weight

MIS Malaria Indicators Survey

MRH Maternal and Reproductive Health program
NAP National AIDS Program

NMCP  National Malaria Control Program

PCR Polymerase chain reaction

PMTCT  Prevention and Treatment of Mother-to-Child Transmission
RDT Rapid diagnosis test

PCR Conventional nested real-time PCR

SGA Small for gestational age

STH Soil-transmitted intestinal helminth

WHO World Health Organization

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/541182-024-00577-5.

Additional file 1: Table S1. Malaria and soil-transmitted infections in
pregnant women by villages in two study townships.

Additional file 2: Table S2. Frequency of subclinical malaria episode
among pregnant women in two study sites using rt-PCR during longitudi-
nal visits (line graph).

Additional file 3: Table S3. Type of observed intestinal parasites.

Page 11 of 13

Additional file 4: Figure S1. Malaria positivity by month in each study
site (August 2013 to March 2015).

Additional file 5: Figure S2. Hemoglobin concentration in pregnant
women with and without co-infections.

Acknowledgements

Our sincere thanks go to all the study participants for their enthusiastic
participation throughout the study for longitudinal follow-up. We thank the
study teams from the regional public health department, Vector Born Disease
Control program, township medical officers, midwives, township hospital
laboratory department, the health staff and local village leaders and volun-
teers from two study townships who were involved in data collection and
supported for follow-up process with the pregnant women. We also thank
members and leaders of the International Relations Division and Department
of Public Health, Ministry of Health and Sports Myanmar for their administra-
tive support and guidance. We acknowledge the laboratory scientists from the
Department of Medical Research and the University of Maryland, Baltimore
malaria lab, for their contribution and laboratory analysis.

Author contributions

PPA, WG, MP, RB, developed the manuscript; MMN contributed as the project
manager and principal investigator of the study, involved in the deigning the
manuscript; KTH, ZL were the site-investigators, contributed in designing the
study and developing data collection instrument; KTH led the PCR assays and
stool sample analysis; KHA involved in pre-project training, and did malaria
microscopy and quality assurance of malaria microscopic results, TRH led

the data collection and drafted introduction session, ZWT involved in data
management and analysis, MA led training and quality assurance of laboratory
analysis on PCR assay, all co-authors reviewed, edited and contributed in the
manuscript writing. Myaing M. Nyunt, the principal investigator of this study,
who conceived, designed, conducted the study and led data analyses and
interpretation, did not participate as an author in this manuscript.

Funding

This study was primarily funded by the, the faculty grants (PI, Nyunt) awarded
by the Johns Hopkins University Center for AIDS Research; Center for Global
Health and National Institute of Health—NIH/NIAID 1P30AI094189-01A1.

Availability of data and materials

Data are not available in public domain. However, data are available with the
corresponding author (PPA) and may be made available upon request at the
following e-mail: p.aung@maastrichtuniversity.nl.

Declarations

Ethics approval and consent to participate

The Institutional Review Board of the Department of Medical Research,
Ministry of Health and Sports, Myanmar, approved the study protocol
(61/Ethics—2015) and the Institutional Review Board of the University of
Maryland, Baltimore, USA, also approved the study (HCR-HP-00059798-2).
Written informed consent was obtained from all pregnant women enrolled
in the study. Guardians consent was taken for those who were minors
(aged < 18 years). Thumb-printed consent was secured from illiterate women
with a literate witness. A separate biological sample collection consent was
obtained for collection blood and stool samples from the women. Women
had right to withdrawal from the study at any time. Data were analyzed and
presented anonymously.

Consent for publication
Not applicable.

Competing interests

The authors declare that they have no competing interests. The funders had
no role in designing the study, data collection, analysis and interpretation of
the findings, decision to publish, or manuscript writing. The data have been
presented as a poster (#1581) at the 64th annual meeting of the American
Society of Tropical Medicine and Hygiene.


https://doi.org/10.1186/s41182-024-00577-5
https://doi.org/10.1186/s41182-024-00577-5

Aung et al. Tropical Medicine and Health (2024) 52:22

Author details

'Department of Health Services Research, CAPHRI, Maastricht University Medi-
cal Center, Faculty of Health, Medicine and Life Sciences, Maastricht University,
Maastricht, The Netherlands. 2Malaria Research Program, Center for Vaccine
Development and Global Health, University of Maryland School of Medicine,
Baltimore, MD, USA. *Malaria Consortium, Bangkok, Thailand. “Department

of Medical Research, Ministry of Health, Yangon, Myanmar. °Global Health Unit,
Department of Health Sciences, University Medical Center Groningen, Gron-
ingen, The Netherlands. ®National Malaria Control Program, Ministry of Health,
Mandalay, Myanmar.

Received: 8 August 2023 Accepted: 5 January 2024
Published online: 08 March 2024

References
1. World Health Organization. World malaria report 2021. Geneva: Switzer-
land; 2021.

2. World Health Organization. Malaria in pregnancy: guidelines for measur-
ing key monitoring and evaluation indicators. Geneva: Switzerland; 2007.

3. World Health Organization. Worldwide prevalence of anaemia 1993-
2005: WHO global database on anaemia. Geneva, Switzerland: World
Health Organization; 2008.

4. Moore KA, Simpson JA, Wiladphaingern J, Min AM, Pimanpanarak M, Paw
MK, et al. Influence of the number and timing of malaria episodes during
pregnancy on prematurity and small-for-gestational-age in an area of low
transmission. BMC Med. 2017;15:117.

5. KatzJ, Lee AC, Kozuki N, Lawn JE, Cousens S, Blencowe H, et al. Mortality
risk in preterm and small-for-gestational-age infants in low-income
and middle-income countries: a pooled country analysis. The Lancet.
2013;382:417-25.

6. BriandV, Le Hesran J-Y, Mayxay M, Newton PN, Bertin G, Houzé S, et al.
Prevalence of malaria in pregnancy in southern Laos: a cross-sectional
survey. Malar J. 2016;15:436.

7. Stanisic DI, Moore KA, Baiwog F, Ura A, Clapham C, King CL, et al. Risk
factors for malaria and adverse birth outcomes in a prospective cohort of
pregnant women resident in a high malaria transmission area of Papua
New Guinea. Trans R Soc Trop Med Hyg. 2015;109:313-24.

8. Duffy PE, Fried M. Malaria in the pregnant woman. In: Current topics
microbiology and immunology. New York: Springer; 2005. p. 169-200.

9. National Malaria Control Program. VBDC Annual Report 2016.2017.

10. National Malaria Control Program. National Plan for Malaria Elimination
(NPME) in Myanmar 2016-2030. Myanmar; 2016.

11. Manjurano A, Okell L, Lukindo T, Reyburn H, Olomi R, Roper C, et al. Asso-
ciation of sub-microscopic malaria parasite carriage with transmission
intensity in north-eastern Tanzania. Malar J. 2011;10:370.

12. World Health Organization. A framework for malaria elimination. World
Health Organization; 2017.

13. McDermott JM, Wirima JJ, Steketee RW, Breman JG, Heymann DL. The
effect of placental malaria infection on perinatal mortality in Rural
Malawi. Am J Trop Med Hyg. 1996,55:61-5.

14. Parekh FK, Davison BB, Gamboa D, Hernandez J, Branch OHLH. Placental
histopathologic changes associated with subclinical malaria infec-
tion and its impact on the fetal environment. Am J Trop Med Hyg.
2010;83:973-80.

15. Redd SC, Wirima JJ, Steketee RW, Breman JG, Heymann DL. Transplacental
transmission of Plasmodium falciparum in Rural Malawi. Am J Trop Med
Hyg. 1996;55:57-60.

16. World Health Organization. World Malaria Report 2019. Geneva: Switzer-
land; 2020.

17. Lopez-Perez M, Pacheco MA, Buritica L, Escalante AA, Herrera S, Arévalo-
Herrera M. Malaria in pregnancy: a passive surveillance study of pregnant
women in low transmission areas of Colombia. Latin America Malar J.
2016;15:66.

18. Correa G, Das M, Kovelamudi R, Jaladi N, Pignon C, Vysyaraju K, et al.

High burden of malaria and anemia among tribal pregnant women in a
chronic conflict corridor in India. Confl Health. 2017;11:10.

19. Moore KA, Fowkes FJI, Wiladphaingern J, Wai NS, Paw MK, Pimanpanarak

M, et al. Mediation of the effect of malaria in pregnancy on stillbirth and

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

Page 12 of 13

neonatal death in an area of low transmission: observational data analy-
sis. BMC Med. 2017;15:98.

Yesuf DA, Abdissa LT, Gerbi EA, Tola EK. Prevalence of intestinal parasitic
infection and associated factors among pregnant women attending
antenatal care at public health facilities in Lalo Kile district, Oromia, West-
ern Ethiopia. BMC Res Notes. 2019;12:4-9.

Bolka A, Gebremedhin S. Prevalence of intestinal parasitic infection

and its association with anemia among pregnant women in Wondo
Genet district, Southern Ethiopia: a cross-sectional study. BMC Infect Dis.
2019;19:1-8.

Yatich NJ, Yi J, Agbenyega T, Turpin A, Rayner JC, Stiles JK, et al. Malaria
and intestinal helminth co-infection among pregnant women in Ghana:
prevalence and risk factors. Am J Trop Med Hyg. 2009;80:896-901.
Hurlimann E, Houngbedji CA, Yapi RB, N'Dri PB, Silué KD, Ouattara M, et al.
Antagonistic effects of Plasmodium-helminth co-infections on malaria
pathology in different population groups in Cote d'Ivoire. PLoS Negl Trop
Dis. 2019;13: e0007086.

Naing C, Whittaker MA, Nyunt-Wai V, Reid SA, Wong SF, Mak JW, et al.
Malaria and soil-transmitted intestinal helminth co-infection and its effect
on anemia: a meta-analysis. Trans R Soc Trop Med Hyg. 2013;107:672-83.
Mulu A, Legesse M, Erko B, Belyhun Y, Nugussie D, Shimelis T, et al. Epi-
demiological and clinical correlates of malaria-helminth co-infections in
southern Ethiopia. Malar J. 2013;12:1-7.

Ned RM, Moore JM, Chaisavaneeyakorn S, Udhayakumar V. Modulation of
immune responses during HIV-malaria co-infection in pregnancy. Trends
Parasitol. 2005;21:284-91.

Abu-Raddad LJ, Patnaik P, Kublin JG. Dual infection with HIV and malaria
fuels the spread of both diseases in Sub-Saharan Africa. Science.
1979;2006(314):1603-6.

Kamya MR, Gasasira AF, Yeka A, Bakyaita N, Nsobya SL, Francis D, et al.
Effect of HIV-1 infection on antimalarial treatment outcomes in Uganda: a
population-based study. J Infect Dis. 2006;193:9-15.

Van Geertruyden JB, D'Alessandro U. Malaria and HIV: a silent alliance.
Trends Parasitol. 2007;23:465-7.

Ter Kuile FO, Parise ME, Verhoeff FH, Udhayakumar V, Newman RD, van
Eijk AM, et al. The burden of co-infection with human immunodeficiency
virus type 1 and malaria in pregnant women in sub-Saharan Africa. Am J
Trop Med Hyg. 2004;71:41-54.

Brentlinger PE, Behrens CB, Kublin JG. Challenges in the prevention,
diagnosis, and treatment of malaria in human immunodeficiency virus-
infected adults in sub-Saharan Africa. Arch Intern Med. 2007;167:1827-36.
Muhangi L, Woodburn P, Omara M, Omoding N, Kizito D, Mpairwe H,

et al. Associations between mild-to-moderate anaemia in pregnancy and
helminth, malaria and HIV infection in Entebbe, Uganda. Trans R Soc Trop
Med Hyg. 2007;101:899-907.

Woodburn PW, Muhangi L, Hillier S, Ndibazza J, Namujju PB, Kizza M,

et al. Risk factors for helminth, malaria, and HIV infection in pregnancy in
Entebbe. Uganda PLoS Negl Trop Dis. 2009;3: e473.

Khan WA, Galagan SR, Prue CS, Khyang J, Ahmed S, Ram M, et al.
Asymptomatic Plasmodium falciparum malaria in pregnant women in the
Chittagong Hill Districts of Bangladesh. PLoS ONE. 2014;9: €98442.

Boel M, Carrara VI, Rijken M, Proux S, Nacher M, Pimanpanarak M, et al.
Complex interactions between soil-transmitted helminths and malaria

in pregnant women on the Thai-Burmese border. PLoS Negl Trop Dis.
2010;4:12-4.

Rijken MJ, De Livera AM, Lee SJ, Boel ME, Rungwilailaekhiri S, Wilad-
phaingern J, et al. Quantifying low birth weight, preterm birth and small-
for- Gestational-age effects of malaria in pregnancy: a population cohort
study. PLoS ONE. 2014;9: €100247.

Carrara VI, Lwin KM, Phyo AP, Ashley E, Wiladphaingern J, Sriprawat K, et al.
Malaria Burden and Artemisinin resistance in the mobile and migrant
population on the Thai-Myanmar Border, 1999-2011: an observational
study. PLoS Med. 2013;10: e1001398.

Nosten F, ter Kuile F, Maelankirri L, Decludt B, White NJ. Malaria during
pregnancy in an area of unstable endemicity. Trans R Soc Trop Med Hyg.
1991,85:424-9.

World Bank Group. Climate Change Knowledge Portal for Development
Practitioners and Policy Makers. World Bank Group. 2021. https://clima
teknowledgeportal.worldbank.org/country/myanmar/climate-data-histo
rical. Accessed 23 Oct 2023.


https://climateknowledgeportal.worldbank.org/country/myanmar/climate-data-historical
https://climateknowledgeportal.worldbank.org/country/myanmar/climate-data-historical
https://climateknowledgeportal.worldbank.org/country/myanmar/climate-data-historical

Aung et al. Tropical Medicine and Health (2024) 52:22

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

National Malaria Control Program. Guidelines for malaria diagnosis and
treatment in Myanmar. National Malaria Control Program; 2015.

National AIDS Program. Guideline for the clinical management of HIV
infections in Myanmar. National AIDS Program; 2017.

Maternal and Reproductive Health Division. National guidelines for Ante-
natal care. Naypyitaw: Ministry of Health and Sports; 2018.

World Health Organization. Malaria Microscopy Quality Assurance
Manual—version 2. 2015. https://www.who.int/docs/default-source/
documents/publications/gmp/malaria-microscopy-quality-assurance-
manual.pdf

Snounou G, Singh B. Nested PCR analysis of Plasmodium parasites. Meth-
ods Mol Med. 2002;72:189-203.

Tarafder MR, Carabin H, Joseph L, Balolong E, Olveda R, McGarvey ST.
Estimating the sensitivity and specificity of Kato-Katz stool examination
technique for detection of hookworms, Ascaris lumbricoides and Trichuris
trichiura infections in humans in the absence of a“gold standard! Int J
Parasitol. 2010;40:399-404.

Lindblade KA, Steinhardt L, Samuels A, Kachur SP, Slutsker L. The silent
threat: asymptomatic parasitemia and malaria transmission. Expert Rev
Anti Infect Ther. 2013;11:623-39.

Chen |, Clarke SE, Gosling R, Hamainza B, Killeen G, Magill A, et al."Asymp-
tomatic” malaria: a chronic and debilitating infection that should be
treated. PLoS Med. 2016;13: €1001942.

O'Flaherty K, Oo WH, Zaloumis SG, Cutts JC, Aung KZ, Thein MM, et al.
Community-based molecular and serological surveillance of subclinical
malaria in Myanmar. BMC Med. 2021;19:1-12.

Edwards HM, Dixon R, de Beyl CZ, Celhay O, Rahman M, Oo MM, et al.
Prevalence and seroprevalence of Plasmodium infection in Myanmar
reveals highly heterogeneous transmission and a large hidden reservoir
of infection. PLoS ONE. 2021;16: €0252957.

Balla K, Malm K, Njie O, Hounto Ogouyemi A, Uhomoibhi P, Poku-Awuku
A, et al. Introducing field digital data collection systems into seasonal
malaria chemoprevention campaigns: opportunities for robust evidence
development and national e-health strategies. BMJ Glob Health. 2022;7:
€007899.

Moukénet A, Donovan L, Honoré B, Baker K, Smith H, Richardson S, et al.
Extending delivery of seasonal malaria chemoprevention to children
aged 5-10 years in chad: a mixed-methods study. Glob Health Sci Pract.
2022;10:e2100161.

Traore A, Donovan L, Sawadogo B, Ward C, Smith H, Rassi C, et al. Extend-
ing seasonal malaria chemoprevention to five cycles: a pilot study of
feasibility and acceptability in Mangodara district, Burkina Faso. BMC
Public Health. 2022;22:442.

Brummaier T, Tun NW, Min AM, Gilder ME, Archasuksan L, Proux S, et al.
Burden of soil-transmitted helminth infection in pregnant refugees and
migrants on the Thailand-Myanmar border: Results from a retrospective
cohort. PLoS Negl Trop Dis. 2021;15: €0009219.

Lebso M, Anato A, Loha E. Prevalence of anemia and associated factors
among pregnant women in Southern Ethiopia: a community based
cross-sectional study. PLoS ONE. 2017;12: e0188783.

Rabiu OR, Dada-Adegbola H, Falade CO, Arinola OG, Odaibo AB,
Ademowo GO. Malaria, helminth infections and clinical status among
HIV-infected pregnant women. Int J MCH AIDS. 2021;10:81-7.

Vésquez AM, Zuluaga-ldarraga L, Arboleda M, Usuga LY, Gallego-Marin
C, Lasso A, et al. Malaria in pregnancy in endemic regions of Colombia:
high frequency of asymptomatic and peri-urban infections in pregnant
women with malaria. Infect Dis Obstet Gynecol. 2020,2020:2750258.
World Bank. Prevalence of anemia among pregnant women (%)—Myan-
mar | Data. https://data.worldbank.org/indicator/SH.PRG.ANEM?locat
ions=MM. Accessed 23 Mar 2022.

Unger HW, Rosanas-Urgell A, Robinson LJ, Ome-Kaius M, Jally S, Umbers
AJ, et al. Microscopic and submicroscopic Plasmodium falciparum infec-
tion, maternal anaemia and adverse pregnancy outcomes in Papua New
Guinea: a cohort study. Malar J. 2019;18:302.

Kwizera A, Ntasumumuyange D, Small M, Rulisa S, Moscovitz AN,
Magriples U. Assessment of perinatal outcomes of pregnant women with
severe versus simple malaria. PLoS ONE. 2021;16: €0247053.

Nkwabong E, Mayane DN, Meka E, Essiben F. Malaria in the third trimester
and maternal-perinatal outcome. Int J Gynaecol Obstet. 2020;151:103-8.
Dombrowski JG, Barateiro A, Peixoto EPM, da Barros ABC, de Souza

RM, Clark TG, et al. Adverse pregnancy outcomes are associated with

Page 13 of 13

Plasmodium vivax malaria in a prospective cohort of women from the
Brazilian Amazon. PLoS Negl Trop Dis. 2021;15: €0009390.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.who.int/docs/default-source/documents/publications/gmp/malaria-microscopy-quality-assurance-manual.pdf
https://www.who.int/docs/default-source/documents/publications/gmp/malaria-microscopy-quality-assurance-manual.pdf
https://www.who.int/docs/default-source/documents/publications/gmp/malaria-microscopy-quality-assurance-manual.pdf
https://data.worldbank.org/indicator/SH.PRG.ANEM?locations=MM
https://data.worldbank.org/indicator/SH.PRG.ANEM?locations=MM

	Heterogeneity in the prevalence of subclinical malaria, other co-infections and anemia among pregnant women in rural areas of Myanmar: a community-based longitudinal study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study design and settings
	Sampling and sample size
	Data and biological sample collection
	Laboratory methods
	Malaria microscopy
	Conventional nested real-time PCR (nested-PCR)
	Stool examination

	Data management
	Measures
	Data analysis

	Results
	Demographic characteristics
	Proportion of subclinical malaria and its seasonal pattern
	Progression of symptomatic disease
	Proportion of co-infections among pregnant women
	Anemia in pregnancy
	Proportion of soil-transmitted infections
	Proportion of HIV infection
	Outcome of pregnancy in the presence of infections
	Factors associated with subclinical malaria among pregnant women

	Discussion
	Implications of the study

	Conclusions
	Acknowledgements
	References


