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Chapter 1
introduction

Figure 1.1 Map of the area where SMRU provides medical care to 
refugees and migrants from Burma.
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introduction

Pregnant women are more susceptible to Plasmodium (P.) falciparum than non-pregnant 
women. This was first reported nearly a century ago1, 2, and since then has been demon-
strated repeatedly in other studies3-6. Pregnant women have a higher risk to become 
infected, and when infected they have higher parasite densities and can develop more 
severe disease than non-pregnant females of reproductive age3, 5, 7, 8. Each year roughly 
125 million pregnancies are at risk for malaria infection9. Classically malaria causes a 
reduction in birth weight and an increase in maternal anaemia in high transmission 
areas. In addition, higher risk for severe malaria, maternal death, pregnancy loss from 
miscarriage or stillbirth and premature labour are reported in low transmission areas10-13.
Susceptibility to infection and severity of clinical manifestations depends on the level of 
pre-pregnancy immunity3. In a highly endemic area (defined by more than 10 infections 
per person per year), women acquire protective immunity before pregnancy. Effects 
of malaria on the mother and fetus will be less severe compared to someone without 
immunity, although the reduction in birth weight is comparable between Africa and 
South East Asia13. In low transmission areas the degree of acquired immunity is low, 
and mother and fetus can suffer from severe consequences of malaria12. Nevertheless 
severe disease and maternal mortality are reported from highly endemic areas as well14-16. 
Another aspect influencing the susceptibility is parity. In areas of high transmission, 
primigravidae are at greater risk for malaria and its deleterious effects than multigravidae. 
Women seem to gain immunity over successive pregnancies17, which is also seen in low 
endemic areas, but less marked12. Interestingly, the effect of P.vivax infections on birth 
weight is stronger in multigravidae than in primigravidae18.
Several explanations for the increased susceptibility during pregnancy have been 
proposed. First, maternal immunity is impaired, which makes pregnant women more 
vulnerable to infections in general19. Furthermore pregnant women are attractive to 
mosquitoes, due to both physiological and behavioural changes20. Finally, specific 
malaria parasites that can bind to Chondroitin Sulphate A (CSA) on the surface of 
syncytiotrophoblasts in the placenta have a selection advantage in pregnant women21.
treatment limitations of malaria in pregnant women contribute to recrudescent infec-
tions. The most effective treatment for malaria parasites, artemisinin combination treat-
ments (ACts) are currently contraindicated in the first trimester of pregnancy. More-
over the efficacy of some antimalarials in the later trimesters is hampered because the 
standard dosing is suboptimal due to pharmacokinetic changes in pregnant women22-24. 
Detection of malaria in pregnancy, as a result of low level peripheral parasitaemia is 
problematic in some areas25 resulting in under-treatment of pregnant women.
taking into account these explanations for the increased susceptibility during pregnancy, 
one would expect that after delivery, susceptibility would return to pre-pregnancy levels. 
In the postpartum period the placenta has been expelled and maternal immunity is 
restored. Besides this nearly all drugs can be administered again, treatment doses are 
optimal and in theory detection methods should be as efficacious as in non-pregnant 
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patients. However, some studies remarkably reported a prolonged or even increased 
susceptibility in the postpartum period26, 27. The authors of one study advise an extra 
dose of IPtp (intermittent preventive treatment in pregnancy) after delivery. These 
findings and recommendations may be useful at that study location, but need to be 
confirmed at other sites before a general policy can be issued.

Shoklo Malaria research unit

The Shoklo Malaria Research Unit (SMRU; www.shoklo-unit.com ) is a field station of 
the Faculty of tropical Medicine, Mahidol University and part of the Mahidol Oxford 
tropical Medicine Research Programme (MORU; www.tropmedres.ac) funded by the 
Wellcome trust of Great Britain. The SMRU was set up in 1986 and since then directed 
by Professor François Nosten. One of the focuses of the SMRU is the study of the 
epidemiology28, 29, prevention30-33 and treatment34 of P.falciparum35 and P.vivax36 malaria 
from early pregnancy onwards11, 37.
The SMRU is based in Thailand’s rugged, hilly, and mostly forested tak province, which 
shares over 500 km of border with Burma (Myanmar). The climate is tropical with 
a 6-months rainy season (from May to early October). Mean annual rainfall varies 
between 1,400 mm in the southern and central areas and 2,300 mm in the northern 
district. The mean temperature ranges from 20.2 °C in December to 29.3 °C in April, 
and the annual relative humidity is above 75%38. Malaria transmission is unstable, low 
and seasonal in this area35. P.falciparum and P.vivax are the predominant species, while 
P. malariae and P. ovale are found occasionally. The entomological inoculation rate of 
P.falciparum is estimated as one infectious bite per person per year and has declined 
dramatically in the last 15 years. As a result there is little or no natural immunity to 
malaria, and infections are seen in all age groups.
The peak incidence of malaria occurs in the rainy season. The predominant vectors are 
the forest and forest-fringe inhabiting Anopheles (An.) dirus, and in the low hill areas An. 
minimus and An. maculatus, found at the margin of hilly forest zones and plantations39. 
These vectors have a preference for outdoor resting and feeding at a time when people 
are still active, which make them difficult to control. Bed nets for example are not very 
useful, because the mosquito bites preferably at sun rise and sun set, when people are 
awake. In addition, the efficacy of chloroquine in the treatment of P.vivax infections is 
declining40, 41, and P.falciparum parasites are highly multi-drug resistant42. As a conse-
quence, there is a lack of effective prevention strategies.

Population

The population in tak province can be divided into three groups: (1) Thai citizens 
(approximately 300,000, of which half are Thai and the other half belong to ethnic 
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minorities); (2) foreign nationals (approximately 150,000, mainly migrant workers 
from Burma) and (3) displaced persons (65,000 mainly Karen displaced people living in 
semi-open camps38). The Karen are one of the largest ethnic minority groups in South 
East Asia and the largest ethnic group in Burma after the Burmans. There are over six 
million Karen in Burma and more than 400,000 in Thailand. Most Karen are Animist, 
Buddhist, or Christians but, regardless of religion, the Karen hold some deep ancestral 
beliefs. traditionally, most Karen earn their livelihoods as farmers, mainly subsistence 
rice cultivators. Men and women have equal access to education.
The Karen from Burma have been struggling for their independence since the end of 
the Second World War. The armed conflict between the Burmese army and the rebelled 
Karen factions, which is one of the longest civil wars on earth, has led many Karen people 
to flee and take refuge along the border with Thailand. Many Burmese students, monks, 
and other dissidents fled to these areas after the student uprisings in 1988. Since 1995 
the relations between Thailand and Burma have changed, and an increasing number 
of migrant workers have arrived in Thailand in search of a better living and work. This 
population of migrants quickly outgrew that of refugees but its health needs remained 
unattended by non-governmental organisations (NGOs) working in the refugee camps. 
SMRU set up clinics at the main border crossing points in an area that now stretches 
200 km in the 5 border districts of tak Province (Figure 1.1). Despite bitter experiences 
from the past another peace-agreement was signed between the Burmese government 
and Karen National Union leaders in the 2nd week of January 2012. There are many 
doubts but also hopes that this peace deal is genuine, transparent and long-lasting. For 
the time being the situation on the border remains unchanged.

Provision of health Care

In 1986, SMRU started to provide antenatal care in several small camps scattered 
around the border; Shoklo, Wangka, Poe Pah tah, Bonoklo, Mae Salit and in 1994 
Klee Maw Klu refugee camp. In 1996 due to border incursions these camps were all 
amalgamated into Maela camp, with an estimated population of 50.000 people. Besides 
malaria clinics, the SMRU provides maternal health care including obstetric care in this 
camp, while general health care is organized by international medical NGOs, previously 
Médecins Sans Frontières (MSF), and since 2005 Aide Médicale Internationale (AMI). 
Food and other needs are provided by a consortium of charities (http://www.ccsdpt.
org/). Patients who are suffering common diseases such as malaria, acute respiratory tract 
infections or diarrhoea are treated in basic clinics located within the camp. Complicated 
cases such as surgical patients are transferred to the Thai hospital.
Thai nationals have access to the Thai health care system. Health care for migrant and/
or illegal workers (who don’t live in the refugee camps) is less well organized, and for 
many illegal people it is difficult to travel to a health clinic due to financial and security 
reasons. Health care is provided for free by the Mae tao Clinic (Dr Cynthia’s Clinic) 
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in Mae Sot, and by the five SMRU migrant clinics scattered along the border (Figure 
1.1). The five migrant clinics mainly treat malaria patients, but other infectious diseases 
are treated as well. trauma patients, land mine victims and patients that need surgery 
for other reasons are advised to go to Mae tao Clinic or the Thai hospital. The SMRU 
clinics are located in small villages on the Thai side of the border (Mawker Thai, Mun 
Ru Chai, Mae Kon Ken, Wang Pha and tae Kaya) next to the Moei river, which is the 
natural border between Thailand and Burma in this area. Karen and Burmese migrant 
workers typically cross the river to seek medical treatment in the SMRU clinics. In 1998 
antenatal care was set up in the migrant clinics as well.

antenatal Care

In the year preceding the opening of antenatal care (ANC) clinics in May 1986, five 
deaths from malaria were recorded in an estimated population of 500 pregnant women 
in Shoklo camp. Roughly, these numbers give a maternal mortality rate of 1000 per 
100.000 women who died from a single preventable cause, P.falciparum malaria only, 
which is extraordinary high. For comparison, the maternal mortality rate in The Neth-
erlands in 1986 was <10 per 100.00043.
to prevent these maternal deaths, ideally an antimalarial with a long half life should be 
administered to all pregnant women as intermittent preventive treatment. But because 
of multidrug resistant parasites, there was no such drug available on the Thai Burmese 
border to protect pregnant women efficiently. Therefore a unique program was set 
up encouraging all pregnant women to come to ANC on a weekly base for malaria 
screening. At the first consultation, an obstetric and medical history was recorded, and 
a clinical examination performed. At each weekly visit a finger prick blood sample was 
examined for malaria by trained microscopists, and every two weeks the haematocrit 
was measured. Women were also encouraged to attend if they felt unwell at any time 
in between routine consultations. Women received thiamine (Vitamin B1, 100 mg 
daily) to prevent infant mortality from beri-beri44, and ferrous sulphate and folic acid 
at prophylactic or treatment doses for anemia. Delivery with the assistance of trained 
midwives in the SMRU delivery unit was encouraged but home birth with a traditional 
birth attendant was still practiced.
Within the ANC, women with malaria can be detected and treated even before symp-
toms arise. Indeed, among women who were followed every week, maternal death no 
longer occurred. Women still died from malaria, but these were women who had never 
come to ANC, or were absent for a few weeks. Following the introduction of artemisinin 
combination therapy in the population in 1991, the incidence of malaria infections in 
pregnancy has reduced strongly (Figure 1.2).
The system with weekly screening routinely continues until delivery, and stops in the 
postpartum period, because it is assumed that the risk returns to normal levels. But if 
it is true that postpartum women are still susceptible, or even more susceptible than 
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pregnant women, the weekly screening should be extended into the postpartum period. 
Therefore, a susceptibility study was set up to include 824 pregnant women, with weekly 
follow up during pregnancy and up to 12 weeks postpartum, with the main aim to assess 
the susceptibility of postpartum women to malaria.

Figure 1.2 Declining malaria incidence among pregnant women in Maela camp, 1987 – 2008. (by Verena 
Carrara).

aims of the study

1. to assess the susceptibility to malaria of postpartum women, which will improve 
our understanding of the mechanisms involved in malaria infection in pregnant 
and postpartum women.

2. to determine which factors influence the susceptibility to malaria.
3. to document the impact of weekly screening for malaria in the antenatal care, and 

whether this should be extended into the postpartum period.
4. to determine the consequences for mother and baby of malaria at delivery.
5. to increase our knowledge about P.vivax, because most malaria in pregnancy and 

postpartum studies include P.falciparum only.
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outline of the thesis

Postpartum
Chapter 2 is a literature review, and describes previously published literature on the 
epidemiology of postpartum malaria. Difficulties in the methodology of postpartum 
studies are discussed, and recommendations are given for the set up of such a study.
In chapter 3 we present the main results of the susceptibility study. We describe the 
follow-up of postpartum women and controls, who are weekly screened for malaria for 
12 weeks. Incidences, risk factors, consequences of malaria in the postpartum period 
are presented, and possible explanations for the discrepancy between the susceptibility 
study and earlier studies are discussed.
In chapter 4 the results of genotyping on the first P.vivax relapses in an infant’s life are 
reported, in order to describe whether the relapses were homologous or heterologous.

Pregnancy
In chapter 5 the observed maternal mortality rate on the Thai-Burmese border in the 
past 25 years is presented. We discuss the different causes of maternal mortality and the 
influence of weekly malaria screening on the maternal mortality rate.
In chapter 6 we investigated whether there is an association between phenotypic ABO 
blood group system and malaria in pregnant women.
In chapter 7 a case report is presented of a pregnant woman with repeated P.vivax 
episodes, which were due to resistance of the parasite against the used drug.
In chapter 8 we present the consequences for mother and infant of malaria at the time 
of delivery. Maternal outcomes as post partum haemorrhage and need for blood transfu-
sions are presented, as well as neonatal outcomes as Apgar Score, meconium stained 
liquor, premature labour, small for gestational age, congenital malaria and stillbirth. 
Recommendations for the treatment of mothers and infants are given.

Summary
Chapter 9 includes a general discussion based on the presented and summarized results 
from the previous chapters.
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