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abstract

Introduction
Maternal mortality is high in developing countries but there are few data in high risk 
groups such as migrants and refugees in malaria endemic areas. trends in maternal 
mortality were followed over 25 years in antenatal clinics prospectively established in an 
area with low seasonal transmission on the north-western border of Thailand.

Methods and Findings
All medical records from women who attended Shoklo Malaria Research Unit antenatal 
clinics from 12th May 1986 to 31st December 2010 were reviewed and maternal death 
records were analyzed for causality. There were 70 pregnancy related deaths recorded 
amongst 50,981 women who attended antenatal care at least once. Three were suicide 
and excluded from the analysis as incidental deaths. The estimated maternal mortality 
ratio (MMR) overall was 182 (95%CI 140-230) per 100,000 live births. In camps for 
displaced persons there has been a five-fold decline in the MMR from 398 (95%CI 
200-780) in 1986-90 to 78 (4-170) in 2006-10, p<0.05, whereas in migrants from adja-
cent Myanmar the MMR remained at 271 (160-450) for the period 2006-10. Mortality 
from P.falciparum malaria in pregnancy decreased in parallel with reductions in the 
incidence of malaria in pregnancy. Infection (non-puerperal sepsis and P.falciparum 
malaria) accounted for 40.3% of all deaths. P.vivax was not a cause of maternal death 
in this population.

Conclusions
Frequent antenatal clinic screening allows early detection and treatment of falciparum 
malaria and substantially reduces maternal mortality from P.falciparum malaria. No 
significant decline has been observed in deaths from sepsis or other causes.
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introduction

Of all mortality rates none has a greater disparity than the maternal mortality between 
women living in the least developed countries and those living in industrialized coun-
tries. Based on data from 2005, the average lifetime risk of dying from complications 
related to pregnancy or childbirth was 300 times higher in least developed countries1. 
Global maternal mortality has decreased from 422 (358–505) in 1980 to 320 (272–388) 
in 1990, and was 251 (221–289) per 100 000 livebirths in 20082. Most of this gain 
comes from a few countries, such as China and is associated with remarkable economic 
growth. Much of the reduction in maternal mortality in East Asia has been attributed to 
improvements in obstetric care, and a shift away from home births3. In contrast maternal 
mortality has increased in other countries, particularly those affected by conflict or high 
rates of HIV infection, mostly in Sub-Saharan Africa.
Thailand has a population of over 60 million. It has experienced significant improve-
ments in population health and a decline in maternal and child mortality4. This has been 
achieved largely by substantial investment in the district health system since 19755,6. The 
relatively low maternal mortality ratio (95%CI) (per 100,000 live births) in Thailand: 
50 (31-78), 63 (41-89) and 48 (32-68), in the years 1990, 2000 and 2008, contrasts 
with estimates from Thailand’s western neighbor, Myanmar: 420 (23-470), 290 (170-
510) and 240 (140-410), in the same years7. 
In rural areas of Southeast Asia malaria transmission of P.falciparum and P.vivax is low 
and seasonal. In Prapokklao Regional Hospital in Chantaburi on Thailand’s eastern 
border with Cambodia, in the early 1980s, malaria was the most common cause of 
maternal mortality. The development of an “action for survival” program dedicated to 
the care of pregnant women with malaria resulted in a dramatic reduction in maternal 
deaths from 341 to 54/100,000 live births from 1981 to 19868. In 2008, the malaria 
attributable maternal mortalities in Thailand and Myanmar were 0.4 (0.1-0.9) and 34 
(17-56) per 100,000 population, respectively7.
Accurate data are crucial for monitoring progress towards the millennium development 
goal 5 (MDG), to: “Reduce by three quarters, between 1990 and 2015, the maternal 
mortality ratio”9, and MDG 6c: to: “Have halted by 2015 and begun to reverse the inci-
dence of malaria and other major diseases”. Such data are difficult to obtain in resource 
poor settings where maternal mortality is highest and amongst high risk groups such 
refugee and migrant populations10. Surveys in active conflict zones in eastern Myanmar 
in 2002-3, suggested a maternal mortality as high as 1,000 to 1,200 per 100,000 
live births8 but causes were not determined11. Malaria was undoubtedly a significant 
contributor: in 2008, 56% of pregnant women surveyed in eastern Myanmar, reported 
that they had a malaria test (rapid test) in their last pregnancy, of which 12% were 
positive12.
The Shoklo Malaria Research Unit (SMRU) is based on the north-western border of 
Thailand and provides health care to refugee and migrant populations. In response to 
an estimated malaria maternal mortality from P.falciparum malaria of 1% (5/500) in 



66

Chapter 5

1985-86 i.e. a single cause equating to a maternal mortality ratio of 1,000 per 100,000 
live births, a system of weekly antenatal clinics offering frequent screening for early detec-
tion and treatment of malaria was established13. This manuscript reports on maternal 
deaths within that system which has been available to refugees for 25 years (1986-2010) 
and to migrant women for 12 years (1998-2010).

Methods

Ethics statement
Ethical approval for retrospective analysis of anonymized pregnancy records was given 
by the Oxford tropical Research Ethics Committee (OXtREC 28-09).

Study area and population
The SMRU is situated on the north-western border of Thailand (Figure 5.1). Malaria 
transmission is low and seasonal in this area and has been described well elsewhere14. 
Briefly, symptomatic malaria occurs in all age groups and pregnant women are at higher 
risk of severe malaria than non-pregnant women of the same age15. Both P.falciparum 
and P.vivax malaria have been shown to reduce birth weight in this setting13,16. There are 
no reliable malaria preventative measures17-19 for pregnant women and treatment options 
are limited because of a high prevalence of multidrug resistant P.falciparum and because 
primaquine for radical cure of vivax malaria is contraindicated in pregnancy20. Pregnant 
women have been encouraged to attend clinics providing antenatal care (ANC) for the 
early detection and treatment of malaria since 1986 for refugees and since 1998 for 
migrants (Figure 5.1).
Refugee camps were established on the western border of Thailand in 1984 as ethnic 
Myanmar, mostly of Karen origin, fled armed conflict. Shoklo was formerly the 
largest camp on the border with a population at its peak of approximately 9,000. In 
1995-6, Shoklo and other smaller camps were closed by amalgamating them mostly 
into Maela camp, currently the largest camp, with an estimated population of 45,000. 
Non-government organizations provided education and the majority of healthcare and 
the Thai-Burma Border Consortium provided food rations and building materials have 
supported the refugee population. The acute complex emergency conditions of the early 
years of the refugee camp transited to the more stable, chronic refugee situation of 
today. The migrant communities are mostly involved in seasonal forest and agricultural 
work along the border, and women frequently move from the area before the pregnancy 
outcome is known. Provision of health care on the Myanmar side of the border has been 
non-existent or uncoordinated and access to the Thai system is limited by language, 
security, and transportation difficulties.
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Figure 5.1 Study area sites of migrant and refugee clinics on the Thai-Myanmar border.

Antenatal care and delivery
Women are encouraged to attend antenatal care as soon as they are aware of their 
pregnancy. More than 90% of pregnant women in the camps for displaced persons 
where SMRU operates (current population 45,000) have attended for regular malaria 
screening13. At the first consultation, an obstetric and medical history is recorded, and 
a clinical examination performed. At each weekly visit a finger prick blood sample is 
examined for malaria by trained microscopists, and every two weeks a haematocrit is 
measured. Women are also encouraged to attend if they feel unwell at any time between 
routine consultations to any of the SMRU facilities which are open 24 hours per day. 
Malaria and other medical problems are treated free of charge. There is no presumptive 
treatment of malaria. Women receive thiamine (Vitamin B1, 100 mg daily) to prevent 
infant mortality from beri-beri21, and ferrous sulphate and folic acid at prophylactic or 
treatment doses. testing for HIV for the prevention of mother to child transmission 
has been available since 2001 in the refugee population and 2008 in migrants. The 
seroprevalence of syphilis and HIV remain very low in this area: <0.5% for both22. 
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In the early years of the refugee camps births close to 100% of deliveries were at home 
with traditional birth attendants and only problem cases delivered in SMRU or were 
referred to the Thai Public Hospital. Delivery with the assistance of trained midwives at 
SMRU has always been promoted with increasing effort from 1994 onwards. Abortion 
is prohibited in Thailand and was not provided by medical facilities but some tradi-
tional birth attendants are reported to provide unsafe termination practices23. Pregnancy 
dating relied on Dubowitz gestational age (GA) assessment and fundal height before 
2001 and was then replaced by ultrasound dating24-26. Local microbiological services 
were established in 2008.
SMRU is staffed by locally trained medical assistants, nurses, midwives, sonographers, 
laboratory technicians , home-visitors, support staff and a small number of expatriate 
doctors. As just under half of the pregnant women are literate a large component of the 
work involves verbal explanation using a mosaic of languages, mostly Sgaw Karen, Poe 
Karen, Burmese and English27.
Anonymized medical records of refugee and migrant women who attended SMRU 
antenatal clinics between the 12th May 1986 and 31st Oct 2010, were examined. The 
primary objective of this work was to determine the trends in maternal death across 
time, and the causes of death in refugee and migrant women. There were no exclusion 
criteria of this population based study.

Cause of maternal death
In this study the ICD-10 definition of maternal death was used: “the death of a woman 
while pregnant or within 42 days of termination of pregnancy from any cause related 
to pregnancy or its management, but not from accidental or incidental causes”28. Direct 
maternal deaths were defined if obstetric related, indirect deaths if aggravated by preg-
nancy and incidental deaths if unrelated to pregnancy. The maternal mortality ratio 
(MMR) was defined as the number of maternal deaths (direct and indirect) per 100,000 
live births. Incidental deaths were not included in maternal mortality calculations2.
Autopsy was not available whether death occurred at SMRU or in the Thailand referral 
hospital. In the case of a death at home, interview for a verbal autopsy with a close 
family members, and where possible the traditional birth attendant present at the time 
of death, was sought. Assignment of the cause of death was based on collation of the 
medical and obstetric data from the records, clinical symptoms and signs, laboratory 
results, and notes from interviews with family members, independently reviewed by 
3 doctors (RM, MB, MR). The results were compared and the doctors met to try to 
resolve the discrepant diagnoses. When resolution was not possible two senior physi-
cians working in the area (FN and NJW) gave the final assignment, if possible. 
Malaria was diagnosed based on microscopy of blood slides. Asymptomatic carriage is 
unusual in this area of low seasonal malaria transmission, and invariably associated with 
low parasitaemias, so a positive blood slide is highly specific for malaria as the cause of 
febrile illness. Sepsis was defined as severe non-malaria febrile illness with fever, signs 
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of shock including hypotension, tachypnoea or anuria These deaths could be further 
subdivided into confirmed infection with localizing signs or no localizing signs. 

Pregnancy outcomes
Miscarriage was defined as a pregnancy ending before 28 weeks gestational age and still-
birth as delivery from 28 weeks or ≥800 g birth weight in which the infant displayed no 
sign of life (gasping, muscular activity, cardiac activity). The 28-week gestation cut-off, 
rather than the current WHO 22 week cut-off was chosen, as no infant respiratory 
support is available in the clinics. Preterm births were deliveries before 37+0 weeks gesta-
tional age (GA). Severe malaria was defined as P.falciparum parasitaemia with signs of 
severity such as loss of consciousness or multi organ dysfunction as defined by WHO29. 
Symptomatic malaria was defined as any parasitaemia and a history of fever in the last 
48 hrs or a measured temperature ≥37∙5°C30 and asymptomatic malaria as parasitaemia 
without fever or history of fever. Severe anaemia was defined as haematocrit (HCt) < 
20% and anemia as HCt < 30%.

Statistical analysis
Data were analyzed in SPSS for Windows version 19.0 (SPSS, Inc., Chicago, Illinois, 
USA) and StAtA version 11 (StataCorp, College Station, texas USA). Comparisons 
were made using the Student’s t-test or Mann Whitney U-test. Categorical variables 
were compared using the chi-squared or Fisher’s exact test. to assess the factors associ-
ated with maternal death the trimester, age, weight, parity, haematocrit, smoking status 
at the first antenatal visit and the overall number of visits were examined initially with
univariable logistic regression analysis. Multivariable logistic regression analysis was used 
to estimate the odds for maternal death after accounting for factors significant (P<0.10) 
on univariate analysis.

results

Between the 12th May 1986 and 31st December 2010 there were 70 maternal deaths 
recorded amongst 50,981 women who attended antenatal care at SMRU at least once. 
Three (4.3%) were from suicide. two women, both refugees, aged 36 and 19 years, took 
antimalarials in overdose including quinine and chloroquine and one aged 26 years, 
drank weed killer. These cases were excluded from all further analyses. 
The majority of pregnancies 73.8% (37,612/50,978) were followed until delivery 
(live- or stillbirth), 8.9% (4,518/50,978) miscarried, and for 17.4% (8,848/50,978) 
the pregnancy outcome was unknown, usually because the mother left the catchment 
area. The majority 64.2% (32,721) of the women were refugees and 35.8% (18,257) 
were migrant women. Data on whether the delivered women had a live- or still-birth 
were available for 99.4% (37,402/37,612) of the birth records. Live births accounted for 



70

Chapter 5

98.6% (36,894/37,402) of births. The estimated maternal mortality ratio (MMR) was 
therefore 182 (95%CI 140-230) per 100,000 live births for the 25 year period. 
Significant demographic risk factors for maternal death included low maternal weight 
(<40 kg), a parity of four or more, four or less ANC visits, and anaemia at the first 
ANC visit (table 5.1). In women who had place of delivery recorded there were 33.2% 
(9735/29,355) who delivered at home and this decreased significantly from 1994 to 
2010: 55.9% (442/790) vs 22.1% (589/2670), P<0.001.

table 5.1 Demographic characteristics of women without or with a pregnancy related maternal death 
who attended SMRU antenatal care on at least one occasion.

demographics did not die
n=50,978

died
n=67

unadjusted odds 
ratios [95%Ci]; 
P value

adjusted odds 
ratios [95%Ci], 
P value

First visit in 
trimester one

No 24,108 (50.0) 25 (38.5) Reference group Reference group

yes 24,084 (50.0) 40 (61.5) 1.60 [0.97-2.64]; P=0.064 Not included

Weight

Normal 
(≥40kg) 42,630 (93.6) 56 (83.6) Reference group Reference group

Under 
(<40kg) 2 911 (6.4) 11 (16.4) 2.87 (1.50-5.49); p=0.003 2.23 [1.10-4.44]; 

p=0.027

Age group
<40 years 48,814 (96.1) 61 (91.0) Reference group Reference group

≥40 years 1,987 (3.9) 6 (9.0) 2.42 [1.04-5.60]; p=0.047 Not included

Parity group

Parity 0 14,471 (28.5) 17 (25.4) Reference group Reference group

Parity 1-3 25,619 (50.5) 23 (34.3) 1.31 [0.70-2.45]; 0.413 0.96 [0.47-1.96]; 
p=0.920

Parity >=4 10,640 (21.0) 27 (40.3) 2.18 [1.19-4.00]; 0.013 2.80 [1.58-4.95]; 
p<0.001

ANC visits
>4 36,605 (71.1) 40 (59.7) Reference group Reference group

≤4 14,898 (28.9) 27 (40.3) 1.66 [1.02-2.70]; 0.041 2.54 [1.20-5.40]; 
p=0.015

Smoker
No 26,425 (69.6) 25 (56.8) Reference group Reference group

yes 11,550 (30.4) 19 (43.2) 1.74 [0.96-3.16]; 0.072 n.a

Anaemic 1st visit
No 22,271 (56.2) 20 (35.7) Reference group Reference group

yes 17,364 (43.8) 33 (64.3) 2.31 [1.34-3.99]; 0.003 2.82 [1.57-5.07); 
p=0.001

Camp resident
yes 32,688(99.9) 33 (0.1) Reference group Reference group

No 18223 (99.8) 34 (0.2) 3.22 [1.72-6.01]: 0.001 Not included

SD standard deviation 
Missing data: In the Did not die column - First visit in trimester one n= 2719; weight n=5370; parity group 
n=181; Smoker: n=13,531 and Anaemic 1st visit n=11,867. Died column smoker n=23; and anaemic 1st 
visit n=11. For Age group and ANC visits there was no missing data

Causes of maternal deaths
There were 41.8% (28/67) direct and 58.2% (39/67) indirect pregnancy related deaths 
(table 5.2). Haemorrhage, sepsis and P.falciparum malaria were the 3 leading causes of 
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death across all parity groups. Overall they accounted for 67.2% (45/67) of all maternal 
deaths (table 5.2). None of the deaths in this series were from suspected induced abor-
tion. Three antenatal records did not have enough information to assign a cause of death 
with confidence although there was enough information to decide whether the cause 
was direct or indirect. HIV testing was available for 38.8% (26/67) of the women who 
died and one was confirmed positive 3.8% (1/26) (table 5.2). 

table 5.2 Causes of direct and indirect maternal death by parity group.

Cause of death Parity 0
n=17

Parity 1-3
n=23

Parity >=4
n=27

total
n=67 (%)

dirECt dEathS (obstetric related) 10 8 12  28
Haemorrhage 6 6 6 18 (26.8)

Eclampsia 4 0 0 4 (6.0)

Stroke 0 0 5 5 (7.4)

Unknown 0 1 0 1 (1.5)

indirECt dEathS (aggravated by pregnancy) 7 15 15 39
Sepsis 3 7 5 15 (22.4)

Severe P.falciparum malaria 4 4 4 12 (17.9)

Cancer 0 2 2 4 (6.0)

tuberculosis 0 0 2 2 (3.0)

Unknown 0 1 1 2 (3.0)

Fatal arrythmia (probable) 0 1 1 2 (3.0)

Medical complications 0 1 1 2 (3.0)

Death from haemorrhage
Death from haemorrhage (N=18) occurred in the intrapartum or early postpartum 
period and included five cases of uterine atony, four placental abruptions, three cases of 
ruptured uterus, three cases of retained placenta, two completed uterine inversions and 
one hydatidiform mole (before ultrasound was available). Three women who died of 
haemorrhage had a concomitant febrile illness (all with no obvious focus of infection) 
but Escherichia coli was isolated from a blood culture in one hospitalised case. This 
woman was a 26 year old, gravidity 3, parity 2, GA 32.0 weeks, referred with antepartum 
haemorrhage, placental abruption and disseminated intravascular coagulopathy. Of the 
12 women who died at home 41.6% (5/12) died from haemorrhage.

Death from sepsis
One of the 15 deaths from sepsis was postpartum, with the remaining occurred during 
pregnancy 46.7% (7/15), and intrapartum 46.7% (7/15). There were 60.0% (9/15) 
with no localizing signs. The six cases with localizing sign included: one (probable) 
puerperal sepsis (3 days fever), one ruptured amoebic liver abscess; one sub-xyphoid 
abscess with two previous abdominal operations; one suspected Pneumocystis carinii 
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pneumonia in a woman with tuberculosis and HIV; one dysentery and one case of 
cholera (during an epidemic). The length of febrile illness was often protracted with a 
median of 10 (1-35) days fever. Only one woman was attending for the first time and 
most, 64.3% (9/14), had attended their routine antenatal care consultation within the 
week before presenting with sepsis. 

Death from malaria
Most, 66.7% (8/12), maternal deaths from malaria occurred during pregnancy, with 
25.0% (3/12) intra-partum and 8.3% (1/12) postpartum. All were P.falciparum and 
none were P.vivax or mixed infections. There were 83.3% (10/12) of women with coma 
(1 recovered from coma but died on day 5 of pulmonary oedema). two women died 
from acidosis due to acute severe anaemia with cardio-respiratory failure. 
The median duration of fever prior to admission was 4 (2-30) days. One woman was 
attending the clinic for the first time and the remaining 11 women were all absent from 
their routine antenatal care visit the previous week. The period of absence was for a 
median of 6 (1-14) weeks. Nearly three-quarters, 72.7% (8/12) died within 12 hours 
of admission.

Death from eclampsia and stroke
Four primigravidae died from eclampsia. Five multigravid women died from fatal stroke, 
three with confirmed essential hypertension exacerbated by pregnancy and two, both 
smokers, presented with a clinical picture consistent with sub-arachnoid haemorrhage, 
of which one was confirmed on referral to the Thai Hospital.

Death from other causes
Four women died from cancer including hepatocellular (Hepatitis B positive), large 
bowel, and lung (two cases one of which was small cell cancer). 
two women are suspected to have died from fatal arrhythmias: one woman with rheu-
matic heart disease since childhood and atrial fibrillation of 10 years duration died 
suddenly at a gestation of 16+5wks , and the other was a 33 y.o G3P2, who was report-
edly well after an uncomplicated normal vaginal delivery, who died suddenly while 
walking, on day 4 postpartum. 
Medical complications included: thyroid storm and one case of chronic respiratory 
illness with an afebrile exacerbation. There were two deaths from tuberculosis. 

Changes in maternal mortality between 1986 and 2010
There has been a five-fold decline in the overall maternal mortality ratio (MMR) in 
the refugee camps from 398 (95%CI 200-780) in 1986-90 to 78 (4-170) in 2006-10, 
p<0.05 (Figure 5.2), while the overall MMR in migrants remained at 271 (160-450) 
for the period 2006-10, with a slight but non-significant decline (Figure 5.2). In the 
refugee camp the P.falciparum malaria related MMR fell from an estimated 1,000 per 
100,000 (430-2,320)13 to zero, and has remained at that level since (Figure 5.3). The 
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decline in P.falciparum related MMR paralleled the decline in malaria incidence in the 
pregnant population (Figure 5.3). There was a 2.6 fold reduction in P.falciparum MMR 
in the migrants from 200 (4-1,113) in 1996-2000 to 77 (3-200) in 2006-10 (Figure 
5.2) but estimates of the death rate in this population before the introduction of the 
ANC, are not available for comparison. The decline in MMR was not related to the 
decline in home deliveries (data not shown).

Figure 5.2 Maternal mortality ratio (95%CI) per 100,000 live births 1985-6 to 2010

Note the first data point (filled black circle ●) for refugees in 1985-6 P.falciparum was the sole documented 
contributor to maternal mortality. Subsequent refugee data (open circles ○) and all migrant data (open 
triangles ∆) and the 95% confidence intervals (bars) are all cause mortalities summarized for year blocks. 
The arrows represent the start of antenatal care (ANC) with frequent screening and early detection and 
treatment in refugees (black arrow) in 1986 and in migrants (grey arrow) in 1998.

The data for Thailand is referenced for discrete years 1980, 1990, 2000 and 2008 and the 95% CI are 
plotted but are very narrow32.

Outcome for the newborn
There were 32 women who went into labour and delivered before dying, of whom 31.3% 
(10/32) had a stillbirth, a much higher proportion than amongst the women who did 
not die, 1.3% (498/37,370); a relative risk (95%CI) of 32.2 (15.2-68.0), P<0.001. 
The mean gestational age and birth weight of the live born, singletons in women who 
died compared to those who did not die was: 37.6 (31.9-45.0) (n=22) vs 39.0 (28.0-
45.0) weeks, P=0.006; and 2657 (1000-4250) vs 2934 (500-5600) grams, p=0.402.
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Figure 5.3 The top 3 causes of maternal mortality in refugees and migrants on the Thai-Myanmar border.

Maternal mortality rates of severe malaria (▲), sepsis (●) and haemorrhage (■) are presented in year blocks 
with the incidence (95%CI) of P.falciparum (…..|….) per 1,000 pregnant women (with live births) on the 
secondary axis. The 1996-2000 interval in migrants represents data collection commencing in 1998.

discussion 

In a recent review on trends in maternal death in southeast Asia, using cross-national 
data sources from 1998-2008, the major complications of childbirth were: haemorrhage 
32%, other indirect causes 22% (which were proposed to indicate the still-substantial 
burden of infectious disease within the region and the effects of malaria and HIV), 
hypertension 17%, other direct causes 10%, abortion 9%, puerperal sepsis 8% and 
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embolism 2%31. In the rural based population described here haemorrhage (26.8%) was 
also the most common cause of maternal death, but indirect causes were responsible 
for over half of the deaths (58.2%) and these deaths were mainly caused by sepsis and 
malaria. The decrease in MMR was unrelated to the decrease in home births.
There has been a significant downward trend in pregnancy related deaths on the 
Thai-Myanmar border with the most significant decrease being in deaths from severe 
P.falciparum malaria. This is not unexpected given the decline previously reported in 
malaria and malaria related deaths in the general population on the border, but the 
decline in MMR occurred before the reduction in the general population32. The decline 
comes some two to three decades after Thailand made such gains but MMR along 
the border still remains significantly higher than reported within Thailand2,8. Pregnant 
women who develop acute P.falciparum malaria have little time to obtain appropriate 
treatment, as the disease may be fulminant. This is reflected in the short fever history 
times (average 4 days) in fatal cases and the short interval from arrival at the clinic and 
death. Provision of emergency obstetric care is unlikely to impact upon this type of pres-
entation33. Only early detection and treatment of malaria in the general population, and 
more specifically frequent screening with early detection and treatment in the pregnant 
population, has had an impact in this area34. There is no safe and effective drug that can 
be offered as chemoprophylaxis against P.falciparum and P.vivax because of multidrug 
resistance. While weekly screening and early treatment has had a significant impact in 
the refugee population, there are still significant rates of malaria related deaths in the 
more mobile migrant populations. Absenteeism from the weekly screens appears to be a 
significant contributor to maternal death. Assuming 1% is the ‘normal rate’ of maternal 
death from malaria without weekly screening in this area and 50,981 pregnant women 
have been followed up in ANC at least once in the 25 years then this suggests that 
approximately 509 pregnancy related malaria deaths have been averted. Unfortunately, 
malaria related maternal mortality, a highly preventable illness, remains a significant 
problem in the South-east Asia region35.
Sepsis was one of the leading causes of maternal death. Unfortunately microbiological 
diagnosis was unavailable for most of the study period. Unlike women who died from 
P.falciparum malaria these women were mostly present at their routine antenatal clinic 
before presenting with the illness. The fevers were generally protracted. One of the 
deaths in this cohort was reported in a pregnancy fever study which offered full blood 
count, malaria smear, haemoculture, urine culture, rickettsia, leptospirosis and dengue 
investigations, but no causative agent was identified18,36,37. More sophisticated testing 
will be required to elucidate the cause in such cases. There has been no trend over time 
towards a reduction in this cause of pregnancy related death. 
Unlike recent reports from Sub-Saharan Africa, HIV is not a major cause of maternal 
death in this area38. Part of the reason for this relates to the very low rate of HIV within 
the population and the use of HAARt for all HIV positive pregnant women since 2001 
in the refugee population and 2008 in the migrant women. The culture of the Karen 
ethnic group from eastern Myanmar22 is likely to have provided some protection from 
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the HIV epidemic within the country but this may not apply to other rural areas in 
Myanmar39. 
In contrast to most previously published data no deaths from septic abortion were seen 
and the rate of puerperal sepsis was also very low40. Of note is that induced abortion 
was not such a significant contributor to maternal death in this area as reported for a 
clinic servicing migrant women in an urban setting in Mae Sot, a distance of 25 to 60 
kilometers from the SMRU clinics23. 
The demographic characteristics observed in women who died: body weight less than 40 
kg, parity of four or more, four or less antenatal visits and anaemia at the first consulta-
tion are all potentially modifiable by appropriate interventions such as family planning, 
nutritional support programs, and information and education. 
The maternal mortality ratios reported here represent the tip of an iceberg. In total 
17.4% of women were lost from follow-up, after enrolment to antenatal care and before 
delivery outcome, usually returning to Myanmar. In refugee and migrant women clinics 
that predominantly provide services to women from Myanmar the maternal mortality 
ratio is still unacceptably high and most likely underestimated: currently 78 (4-170) 
and 271 (160-460) per 100,000 live births in 2006-10, respectively. The MMR in the 
refugee camp is approximately 1.6 fold higher than reported for Thailand in 20087. 
Unlike deaths from haemorrhage that are easily linked to labour and delivery, malaria 
and sepsis may well remain a hidden cause of maternal death as they mostly occur in 
women without labour, which decreases the likelihood that the death is recorded as 
pregnancy relate. 
Measurement of maternal mortality is seldom undertaken in refugee and migrant women 
or in the rural tropics and the data presented here is limited by the unavailability of labo-
ratory microbiology and of autopsy. The malaria deaths were confirmed by microscopy. 
Sepsis and P.falciparum malaria are significant contributors to pregnancy related death 
on the Thai-Myanmar border. P.vivax malaria is not. The causes of maternal mortality 
are not universal and decisions on how to reduce mortality require robust local evidence. 
Early detection and treatment of malaria with frequent screening in pregnancy has had 
a profound impact on malaria related maternal deaths on the north-western border of 
Thailand.

acknowledgements

We are grateful to the women who attended the SMRU antenatal clinics and the staff 
who have helped in all the departments over the years. We remember the women we 
were not able to help and the fathers who took home newborns but not their wives. We 
would like to thank Stanislas Goutier for his patient help with the database and Aris t. 
Papageorghiou for constructive discussions on this manuscript.



77

Malaria related maternal mortality 1986-2010

references
1. Carroli G, et al. (2001) How effective is antenatal care in preventing maternal mortality and serious 

morbidity? An overview of the evidence. Paediatr Perinat Epidemiol 15 Suppl 1: 1-42.
2. Hogan MC, et al. (2010) Maternal mortality for 181 countries, 1980-2008: a systematic analysis of 

progress towards Millennium Development Goal 5. Lancet 375: 1609-1623.
3. Paxton A, et al. (2011) Are We Making Progress in Maternal Mortality? The New England Journal of 

Medicine 364: 1990-1993.
4. Hanvoravongchai P, et al.(2010) Critical interactions between Global Fund-supported programmes 

and health systems: a case study in Thailand. Health Policy Plan 25 Suppl 1: i53-57.
5. tangcharoensathien V, et al. (2005) Challenges of implementing universal health care in Thailand. 

In: Kwon HJ, editor. transforming the developmental welfare state in East Asia. New york: Palgrave 
Macmillan. pp. 257–282.

6. Vapattanawong P, et al. (2007) Reductions in child mortality levels and inequalities in Thailand: 
analysis of two censuses. Lancet 369: 850-855.

7. WHO (2010) trends in maternal mortality: 1990 to 2008. Estimates developed by the World 
Health Organization, UNICEF, UNFPA, and The World Bank. . Geneva: World Health 
Organization. NLM classification: WQ 16 NLM classification: WQ 16.

8. Kietinun S, et al. (1993) Malaria in pregnant women: action for survival. World Health Forum 14: 
418-420.

9. (2011) United Nations, Millennium Development Goals Indicators:The official United Nations site 
for MDG indicators.http://mdgs.un.org/unsd/mdg/Host.aspx?Content=Indicators/OfficialList.htm.

10. Graham WJ, et al. (2008) Measuring maternal mortality: an overview of opportunities and options 
for developing countries. BMC Med 6: 12.

11. Lee tJ, et al. (2006) Mortality rates in conflict zones in Karen, Karenni, and Mon states in eastern 
Burma. trop Med Int Health 11: 1119-1127.

12. Mullany LC, et al. (2010) Impact of community-based maternal health workers on coverage of 
essential maternal health interventions among internally displaced communities in eastern Burma: 
the MOM project. PLoS Med 7: e1000317.

13. Nosten F, et al. (1991) Malaria during pregnancy in an area of unstable endemicity. trans R Soc 
trop Med Hyg 85: 424-429.

14. Luxemburger C, et al. (1996) The epidemiology of malaria in a Karen population on the western 
border of Thailand. trans R Soc trop Med Hyg 90: 105-111.

15. Luxemburger C, et al. (1997) The epidemiology of severe malaria in an area of low transmission in 
Thailand. trans R Soc trop Med Hyg 91: 256-262.

16. Nosten F, et al. (1999) Effects of Plasmodium vivax malaria in pregnancy. Lancet 354: 546-549.
17. Dolan G, et al. (1993) Bed nets for the prevention of malaria and anaemia in pregnancy. 

transactions of the Royal Society of tropical Medicine and Hygiene 87: 620-626.
18. McGready R , et al. (2001) A double-blind randomized therapeutic trial of insect repellents for the 

prevention of malaria in pregnancy. trans R Soc trop Med Hyg 95: 137-138.
19. Nosten F, et al. (1994) Mefloquine prophylaxis prevents malaria during pregnancy: a double-blind, 

placebo-controlled study. J Infect Dis 169: 595-603.
20. Brockman A, et al. (2000) Plasmodium falciparum antimalarial drug susceptibility on the north- 

western border of Thailand during five years of extensive use of artesunate-mefloquine. transactions 
of the Royal Society of tropical Medicine and Hygiene 94: 537-544.

21. Luxemburger C, et al. (2003) Beri-beri: the major cause of infant mortality in Karen refugees. 
transactions of the Royal Society of tropical Medicine and Hygiene 97: 251-255.

22. Plewes K, et al. (2008) Low seroprevalence of HIV and syphilis in pregnant women in refugee camps 
on the Thai-Burma border. Int J StD AIDS 19: 833-837.

23. Belton S, et al. (2007) Kathy Pan, sticks and pummelling: techniques used to induce abortion by 
Burmese women on the Thai border. Soc Sci Med 65: 1512-1523.



78

Chapter 5

24. Dubowitz LM, et al. (1970) Clinical assessment of gestational age in the newborn infant. Journal of 
Pediatrics 77: 1-10.

25. Rijken MJ, et al. (2009) Obstetric ultrasound scanning by local health workers in a refugee camp on 
the Thai-Burmese border. Ultrasound Obstet Gynecol 34: 395-403.

26. White LJ, et al. (2011) Estimation of gestational age from fundal height: a solution for resource-poor 
settings. J R Soc Interface.

27. Carrara VI, et al. (2010) Improved pregnancy outcome in refugees and migrants despite low literacy on 
the Thai-Burmese border: results of three cross-sectional surveys. BMC Pregnancy Childbirth 11: 45.

28. WHO (1992) International Statistical Classification of Diseases and related health conditions. 10th 
revision. . In: Organization WH, editor: Geneva.

29. WHO (2000) Severe falciparum malaria. trans R Soc trop Med Hyg 94: 1-90.
30. WHO (2003) Assessment and Monitoring of Antimalarial Drug Efficacy for the treatment of 

Uncomplicated Falciparum Malaria. Geneva: WHO. p57 p.
31. Acuin CS, et al. (2011) Maternal, neonatal, and child health in southeast Asia: towards greater 

regional collaboration. Lancet 377: 516-525.
32. Carrara VI, et al. (2006) Deployment of early diagnosis and mefloquine-artesunate treatment of 

falciparum malaria in Thailand: the tak Malaria Initiative. PLoS Med 3: e183.
33. Dondorp A, et al. (2005) Artesunate versus quinine for treatment of severe falciparum malaria: a 

randomised trial. Lancet 366: 717-725.
34. Nosten F, et al. (2000) Effects of artesunate-mefloquine combination on incidence of Plasmodium 

falciparum malaria and mefloquine resistance in western Thailand: a prospective study. Lancet 356: 
297-302.

35. Rijken MJ, et al. (2012) Malaria in pregnancy in the Asia-Pacific region. Lancet Infect Dis 12: 75-88.
36. McGready R, et al. (2010) Arthropod borne disease: the leading cause of fever in pregnancy on the 

Thai-Burmese border. PLoS Negl trop Dis 4: e888.
37. McGready R, et al. (2010) Diagnostic and treatment difficulties of pyelonephritis in pregnancy in 

resource-limited settings. Am J trop Med Hyg 83: 1322-1329.
38. Moodley J, et al. (2011) Strengthening HIV services for pregnant women: an opportunity to reduce 

maternal mortality rates in Southern Africa/sub-Saharan Africa. Bjog 118: 219-225.
39. Ahmad K (2006) Global Fund suspends grants to Burma. Lancet Infect Dis 6: 14.
40. Barnett S, et al. (2008) A prospective key informant surveillance system to measure maternal 

mortality - findings from indigenous populations in Jharkhand and Orissa, India. BMC Pregnancy 
Childbirth 8: 6.




