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Postpartum susceptibility to malaria

The doubts raised about the susceptibility of postpartum women to malaria summa-
rized in the literature review (Chapter 2) were answered by the susceptibility study 
(Chapter 3) which suggests that postpartum malaria in this area is an indicator of the 
effectiveness of malaria control during pregnancy rather than pregnant women being 
more susceptible to malaria. If malaria is not controlled during pregnancy, parasites will 
be carried into the postpartum period (Chapter 2, 3). On the Thai-Burmese border, the 
treatment of P.falciparum with artemisinin combination therapy is highly effective, and 
therefore postpartum women are not at higher risk than non-pregnant non-postpartum 
controls for P.falciparum (Chapter 3). For P.vivax however the situation is different, 
and deserves more attention. P.vivax is known to have a more chronic aspect, because 
of dormant parasites in the liver that can cause relapses. In addition, women infected 
during pregnancy were at high risk to become infected again in the postpartum period. 
But whether these recurrent infections were recrudescent (a recurrence of malaria derived 
from persistence of the blood stage infection), reinfection (a new infection following a 
new mosquito bite), or relapse (a recurrence of malaria derived from persistent liver 
stages of the parasite (hypnozoites)) is difficult to distinguish with confidence1. P.vivax 
genotyping can distinguish between homologous and heterogenous infections although 
this is methodologically more difficult than for P.falciparum2, 3. Homologous recurrence 
can be recrudescent or relapse. Heterogenous recurrence can be reinfection or relapses 
from previously acquired P.vivax infections.
In one pregnant woman with repeated infections detailed investigations were possible 
(Chapter 8). She had a high frequency of infections (6 episodes in 71 days) and chlo-
roquine resistance was suspected. treatment was switched from the standard chloro-
quine to dihydroartemisinin-piperaquine (DHA-PPQ) after extra samples were taken 
for investigations. Clinical and ex-vivo sensitivity testing data were incorporated, with 
molecular genotyping data in parallel. By using a variety of cross disciplinary methods 
(clinical, biological, pharmacological and molecular) we were able to determine that the 
frequent recurrences were indeed due to recrudescence of chloroquine resistant P.vivax. 
This was the first clinically and laboratory confirmed case from Thailand. The high 
frequency of infection observed in this pregnant woman was not seen in any other 
woman of the susceptibility study, suggesting chloroquine resistance is still uncommon. 
Nevertheless the effectiveness of chloroquine is declining as demonstrated by a recent 
study on the Thai-Burmese border in the non-pregnant population4. Although the cure 
rate at day 28 is still above 90%4 (91.3% (95%CI 86.9 – 94.6%) it is lower than in a 
previous study conducted in the same area in 1996: 97% (95%CI 95-99)5. However 
there are still concerns about the optimal dosing of chloroquine in pregnancy: as the 
two most recent publications on the pharmacokinetics of chloroquine conclude differ-
ently, one suggesting no dose adjustment necessary6 and the other advocating for higher 
dosing7. taking into account the cure rate of more than 90%, it is unlikely that the 
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increased incidence of P.vivax in postpartum women compared to controls is caused by 
chloroquine resistance parasites acquired during pregnancy.
to radically treat P.vivax, primaquine is needed to kill the hypnozoites in the liver. 
However primaquine is contraindicated in pregnant women, and data about excretion 
in breast milk and consequences for the newborn are lacking, which means primaquine 
is rarely prescribed in lactating postpartum women. The current prescribing guidelines of 
WHO on the use of primaquine in lactating women are confusing as 3 different recom-
mendations are found within the same document8: 1) Primaquine is not recommended 
in lactating women, 2) Primaquine should not be used in nursing women, unless the 
breastfed infant has been determined not to be G6PD-deficient, and 3) primaquine use 
in breastfeeding women should be medically supervised. A clear answer on the safety of 
primaquine during lactation for eradication of P.vivax hynozoites is needed particularly 
given the prolonged lactation period in most resource poor P.vivax endemic areas of the 
world.
From a subset of the study cohort (12 mothers and 21 infants), P.vivax genotyping 
results were obtained (Chapter 4). Genotyping of the first relapse in infants (who per 
definition cannot have dormant stages of previous infections in the liver before the first 
infection) revealed that the first P vivax relapses of life were in 17 out of 22 cases geneti-
cally homologous. Because recrudescent infections are unlikely to be responsible for 17 
out of 22 relapses when there is a cure rate above 90%, this suggests that their relapses 
did derive from the same inoculation of parasites that caused the initial infection. Geno-
typing of P.vivax infections in the mothers of these infants demonstrated mostly geneti-
cally heterologous infections, and because there is no reason why mosquito inoculation 
should differ substantially between adults and infants, the most likely explanation for 
this marked difference is activation of heterologous latent hypnozoites in adults from 
previous inoculations.
This sub analysis suggests that relapses from dormant liver stages, and not drug resist-
ance or reinfection are the main cause of the repeated P.vivax infections in pregnant and 
postpartum women. While primaquine is contraindicated in pregnancy and no other 
hypnozoiticidal medicine is available there is a problem to control P.vivax malaria in 
pregnancy. A prior randomized placebo controlled trial in the study area demonstrated 
that weekly chloroquine was highly effective in reducing P.vivax, although it was never 
introduced because both P.falciparum and P.vivax require prevention in pregnancy in 
this area, and chloroquine was not effective at all in preventing P.falciparum9. A recently 
completed randomized placebo controlled prevention trial in adult men suggests 
DHA-PPQ could be suitable for this purpose if given at monthly intervals10. However 
DHA-PPQ like other artemisinin combination therapies are not yet approved for first 
trimester use and the adverse effects of malaria in pregnancy can occur before the 2nd 
trimester11. In addition using the drug as preventive therapy essentially withdraws it 
from the small armamentarium of treatment options in pregnancy in areas with multi-
drug resistant P.falciparum and P.vivax.
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A possibility to prevent pregnant women from relapses would be to treat women with 
a history of P.vivax with primaquine before pregnancy. This will be logistically chal-
lenging, as it is quite difficult to reach the young female population. Promotion of 
P.vivax eradication at ‘pre-conceptual’ or ‘newly married’ or family planning consulta-
tions is under consideration. The main limitation is the availability of routine G6PD 
testing in field situations. This is starting to change as a field based ELISA test for 
G6PD is now used routinely at SMRU but the optimal dosing for primaquine and treat-
ment in G6PD deficient patients is still under investigations. Another treatment option 
would be postpartum eradication, of which the safety is currently under assessment at 
SMRU. As pregnancy is a time when women are screened and treated for malaria, the 
patients who need eradication after delivery are easily identified. This pre-pregnancy and 
postpartum eradication of liver stages could lead to significant changes in the current 
trends in P.vivax incidence in pregnant women (Figure 1). The incidence of malaria 
has fallen in the past 20 years from more than three to less than 0.5, infections per 
pregnant woman-year. The distribution of malaria species has also changed substantially, 
with most malaria infections nowadays caused by P.vivax. The liver stage and treatment 
limitations make it more difficult to reduce the incidence of P.vivax in the pregnant 
population, than the incidence of P.falciparum.

Figure 9.1 Annual cumulative proportion of women infected with malaria during pregnancy at the Thai-
Burmese border12, n=48.410.

Dashed line: at least one malaria infection. Dotted line: at least one Plasmodium Vivax infection. Solid line: 
at least one Plasmodium falciparum or mixed P.falciparum and P.vivax infection
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Whether blood group influences the susceptibility to malaria in pregnant women is 
evaluated in Chapter 7. P.falciparum and its relationship with the ABO blood group 
system has been studied frequently, and there is one point of consensus on blood group 
O protecting from severe malaria disease. The mechanism of this protection is thought 
to be that blood group O is protective for rosetting (clustering of infected red blood 
cells, causing severe disease). Therefore some doctors prefer to give blood transfusions 
with blood group O in patients with severe malaria. Only 5 published studies compare 
the ABO blood group system and malaria in pregnant women, by looking at placental 
malaria, not severe malaria. In the ANC system at SMRU placental malaria and severe 
malaria are both uncommon due to active screening in pregnancy. In the largest single 
population cohort of women (reduced chance for bias) with assessment of ABO blood 
group no significant relationship with uncomplicated malaria or measures of malaria 
severity (parasitaemia, symptoms, anaemia, frequency of attacks) were observed during 
pregnancy (Chapter 7). The situation in reality is likely to be far more complex as ABO 
blood group system is one of many red blood cell variants. A more comprehensive inves-
tigation in pregnant women that includes ABO blood group system plus other inherited 
red blood cells deformities common in the population such as α and β thalassaemia and 
glucose-6-phosphate dehydrogenase deficiency is needed.

Prevention strategies

The studies described in this thesis were conducted in the antenatal care system (ANC) 
of the Shoklo Malaria Research Unit. This system, which is described in more detail in 
Chapter 1, was set up in 1986 by the director of SMRU, François Nosten, using weekly 
screening for malaria, in order to prevent maternal mortality from severe malaria, a 
condition that was frequent at that time13. Educational campaigns to inform women of 
child-bearing age of the dangers of malaria in pregnancy and the potential benefits of the 
ANCs resulted in a high rate of attendance, such that by the end of 1989 approximately 
90% of women in camps with an ANC were attending13. After the set up of this system, 
maternal mortality from severe malaria declined dramatically (Chapter 5).
The antenatal care system in SMRU with weekly follow up, (with for example a mean of 
20 antenatal care visits before delivery in the susceptibility study), is difficult to align to 
the WHO guideline for ANC: 4 antenatal visits during pregnancy for a good reproduc-
tive health system even in areas where malaria is endemic14. A clinical trial by WHO 
compared the traditional antenatal care model (12 visits provided) with the latest system 
(4 visits; an early visit, and visits at 26, 32 and 38 weeks), and the newer model did 
not seem to affect maternal and perinatal outcomes, but could reduce costs15. These 
trials were carried out in Argentina, Saudi Arabia, Cuba and Thailand (Khon Kaen 
region) where malaria was not prevalent. Specific interventions such as malaria control 
programmes should be implemented where needed.
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In this region with low malaria endemicity and maternal immunity, 4 antenatal visits 
would result in an increased incidence of severe malaria and maternal death. This is 
demonstrated by the malaria related maternal deaths with women enrolled in ANC 
(Chapter 5). The malaria related maternal deaths unlike the sepsis or haemorrhage 
deaths occurred in women who had been absent from ANC. The median number of 
weeks the woman had not attended was 6 [1-14] weeks. One week absence means she 
did not come for consultation for 14 days, whereas she should come every 7 days i.e. 
only one screening was missed, and this emphasizes the fulminant nature of severe 
P.falciparum in pregnancy. On the contrary to WHO’s recommended 4 visits, weekly 
antenatal care is estimated to have averted more than 500 malaria related deaths in this 
area (Chapter 5) since its inception.
This system with early detection and treatment (EDt) is very successful in this area. 
In countries where P.falciparum is highly endemic with stable transmission, WHO has 
recommended the use of intermittent preventive treatment in pregnancy (IPtp) with 
sulfadoxine-pyrimethamine (SP) since 1998, together with the use of insecticide treated 
nets and access to case management. IPtp is the administration of a complete curative 
dose of an antimalarial medicine at predefined intervals during pregnancy (from the 2nd 
trimester at least one month apart) regardless of whether or not the pregnant women are 
infected with malaria16. Nearly all Sub-Sahara African countries have implemented this 
strategy. Unfortunately the number of women receiving 2 doses remains sub-optimal in 
most reports in the literature17.
IPtp doses are usually given during the recommended 4 ANC visits, which implies 
that the last dose should be around 0-5 weeks before delivery. In the literature review 
on postpartum malaria (Chapter 2) one of the conclusions is that women can carry 
parasites from pregnancy into the postpartum period, and that in areas where para-
sitaemia around delivery is frequently seen, distribution of an extra dose of IPtp at 
delivery could be investigated to prevent this persistency of parasites. It is also suggested 
that this extra dose at delivery will influence the incidence of congenital malaria, as this 
is highly related to maternal malaria at delivery (Chapter 9), and declining rates of 
congenital malaria have been described after the switch to a more effective antimalarial 
for treatment during pregnancy in Papua, Indonesia18. Malaria at delivery is also associ-
ated with an increased risk of severe anemia in the mother, requiring blood transfu-
sion, and with a higher proportion of meconium stained liquor, premature birth, small 
for gestational age and stillborn infants (Chapter 9). Although small for gestational 
age is not a direct consequence of the infection around delivery, the other outcomes 
(severe anemia requiring blood transfusion, meconium stained liquor, premature labour, 
stillbirth and congenital malaria) are direct consequences of the mother’s infection at 
delivery. In this situation the proportion of women with malaria at delivery (peripheral 
smear), or placental malaria and therefore the proportion of infants with congenital 
malaria was low. One extra episode of screening and treatment at delivery, or an extra 
dose of effective IPtp close to delivery, on top of the routine prevention of malaria 
during pregnancy, could have a large impact on maternal health and infant mortality 
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in areas where parasitaemia around delivery is common. This would need to be tested, 
or previously collected data re-evaluated to examine the risk of maternal and placental 
malaria according to the timing of the last IPtp dose in pregnancy.
However implementing an extra dose of IPtp around delivery is not straight forward. 
At the moment the only drug used for IPtp is Sulfadoxine Pyrimethamine (SP) and 
resistance to this antimalarial is spreading16, 19. Some reports even suggest that contin-
uous use of SP as IPtp might be harmful20. As yet few countries have moved to replace 
SP for IPtp. Ideally this replacement would be efficacious, safe, tolerable, cheap, and 
easy to administer, preferably as a single dose drug21. The results of a recent trial suggest 
that in an area of moderately high malaria transmission in Ghana (around 250 infec-
tious bites per person per year), intermittent screening and treatment (ISt) with SP or 
Artesunate+Amodiaquine may be as safe and effective for the control of malaria in preg-
nancy, as IPtp with SP. The risk of third trimester severe anaemia or low birth weight 
did not differ significantly between the three treatment groups regardless of gravidity22. 
However 12% of women in this trial were parasitaemic in the last month of pregnancy, 
in the IPtp and ISt group. IPtp as well as ISt was provided at the 4 recommended 
ANC visits, a regimen that is obviously not optimal. The authors suggest that ISt may 
be considered in parts of Africa where resistance to SP is increasing at alarming rates 
and in situations where the incidence of malaria has gone down23, or in Asia where 
transmission is generally low12.
Development of a vaccine against malaria in pregnancy should not be forgotten in the 
discussion on prevention, because if an effective vaccine would be available and protec-
tive for the duration of pregnancy, this would probably be the best method for preven-
tion. The search for this vaccine is ongoing, and the most potential vaccine against 
P.falciparum seems to be directed at the VAR2CSA protein to inhibit infected erythro-
cytes adhesion to CSA in the placenta. However a vaccine like this will not be developed 
in the near future, optimistic experts hope the first clinical trial might be in the next 
5 years24. Also a vaccine against P.falciparum parasites other than those sequestering 
in the placenta is needed, and as this thesis has demonstrated the treatment limita-
tions of P.vivax during pregnancy implies a vaccine against P.vivax during pregnancy is 
also needed. Should a P.vivax vaccine be developed and combined with a P.falciparum 
vaccine, further trials would need to study potential interactions pushing the possibility 
of deployment of this vaccine further into the future.
The search for the most effective programmes to prevent malaria (P.falciparum as well as 
P.vivax) during pregnancy will continue. Programmes for prevention have to be locally 
adapted to account for local malaria species, resistance to drugs, endemicity of malaria, 
seasonality, behaviour of the vector, and the amount of pre-pregnancy immunity in 
the pregnant women. In women where malaria occurs in the last week of pregnancy, 
particular care is needed as these infections translate into multiple problems for mother 
and infant in low transmission areas (Chapter 9). to what extent this is problematic in 
other areas needs to be addressed with longitudinal trials.
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Conclusions

Susceptibility to malaria in the postpartum period is a reflection of malaria control 
during pregnancy. In this area, early detection and treatment on a weekly basis within 
the ANC system is very effective, and this translated into a decline in maternal mortality, 
low proportions of maternal malaria at delivery, low proportions of placental malaria 
and congenital malaria and a low risk of P.falciparum in the postpartum period. Suscep-
tibility to P.vivax in postpartum women was higher than in controls, probably due to 
relapses from activation of latent hypnozoites acquired during or before pregnancy. As 
primaquine to eradicate liver stages is contraindicated in pregnancy, other strategies 
must be sought, for example administration of primaquine before or after pregnancy. 
However more knowledge on the local gene variations that affect severity of haemolysis 
with primaquine is needed to make clear recommendations in postpartum lactating 
women who may have infants with G6PD deficiency.
While more effective strategies against malaria in pregnancy are sought there is no 
need for complacency. Pregnancy is a condition that increases susceptibility to malaria, 
resulting in a serious amount of negative outcomes for mothers and infants. This 
increased susceptibility appears to normalize postpartum, but the consequences of infec-
tion during pregnancy are carried into the postpartum period for mother and infant 
as well. Active screening by microscopy has been a simple but highly effective tool in 
this setting for malaria control. Significant reductions in adverse outcomes have been 
observed with highly effective antimalarials within the population. Despite their avail-
ability, the use of these has been neglected in pregnancy.
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