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In efforts to improve protection against the adverse consequences of malaria in pregnancy, several trials1-3 have investigated alternative drug regimens and strategies to replace sulfadoxine–pyrimethamine for intermittent preventive treatment of malaria in pregnancy. Even before WHO first recommended inclusion of intermittent preventive treatment with sulfadoxine–pyrimethamine in the focused antenatal care package in 2004,4 malaria parasites expressed mutations in the dihydrofolate reductase (Pfdhfr) and dihydropteroate synthetase (Pfdhps) genes, compromising the protective effect of the intervention.5  The protection conferred by intermittent preventive treatment with sulfadoxine–pyrimethamine against low birthweight has since been shown to decrease as the population prevalence of the Pfdhps K540E mutation increases—a proxy for the resistant quintuple Pfdhfr and Pfdhps mutants.6  In regions where the Pfdhps A581G mutation has emerged alongside the Pfdhfr and Pfdhps quintuple mutant, producing sextuple mutant parasites, the intervention fails to inhibit the growth of parasites.7  Consequently, alternative drug regimens or strategies that are safe, well-tolerated, and efficacious are needed in areas where parasites express this mutation.  

In The Lancet, Meghna Desai and colleagues8 report the outcomes of the first investigation into use of an artemisinin combination treatment, dihydroartemisinin–piperaquine, for intermittent preventive treatment.  The three-group, open-label, randomised controlled trial was done in a region of western Kenya where 96% of parasites had the quintuple mutation and 5.8% carried the A581G mutation.  HIV-negative pregnant women were allocated to receive intermittent preventive treatment with either sulfadoxine–pyrimethamine (n=515) or dihydroartemisinin–piperaquine (n=516), or underwent intermittent screening and treatment with dihydroartemisinin–piperaquine if rapid diagnostic tests showed the presence of peripheral parasitaemia (n=515).  The primary outcome was malaria infection at delivery, defined as a composite of peripheral or placental parasitaemia that was detected by placental histology, microscopy, or rapid diagnostic test.  

In Desai and colleagues’ study,8 prevalence of malaria infection at delivery was lower in the intermittent preventive treatment with dihydroartemisinin–piperaquine group than in the sulfadoxine–pyrimethamine group (15 [3%] of 457 women vs 47 [10%] of 459 women; relative risk 0.32, 95% CI 0.18–0.56), but not in the intermittent screening and treatment group (57 [13%] of 452 women vs 47 [10%] of 459 women; 1.23, 0.86–1.77).  Compared with sulfadoxine–pyrimethamine, intermittent preventive treatment using dihydroartemisinin–piperaquine reduced the incidence of clinical malaria during pregnancy by 84% (37.9 vs 6.1 episodes) and the risk of maternal anaemia by 22% at delivery (crude prevalence ratio 0.78, 95% CI 0.64–0.96).  Secondary analysis showed that women given intermittent screening and treatment had the highest prevalence of peripheral or placental malaria at delivery (199 [44%] of 452 women vs 140 [31%] of 457 women in the intermittent preventive treatment with dihydroartemisinin–piperaquine group and 166 [36%] of 459 women in the sulfadoxine–pyrimethamine group).  This finding suggests that the intermittent screening and treatment strategy is not suitable for settings with intense transmission.  Intermittent preventive treatment with dihydroartemisinin–piperaquine decreased the incidence of stillbirths by three-quarters compared with sulfadoxine–pyrimethamine (four [1%] of 452 births vs 16 [4%] of 453 births), and the number of perinatal deaths by 70% (eight vs 27).  

The tolerability of intermittent preventive treatment with dihydroartemisinin–piperaquine was good, compliance was greater than 95%, and serious adverse events were least frequent among women in that group.  However, the strategy was not superior to sulfadoxine–pyrimethamine for reducing the incidence of low birthweight, small-for-gestational age, or preterm birth.  Although the study8 was not powered to detect differences in these three secondary endpoints, birthweight for gestational age was highest in the intermittent preventive treatment with sulfadoxine–pyrimethamine group as calculated by Z scores.  How might this finding be explained?  Sulfadoxine could provide additional protection against infections other than malaria, resulting in a protective effect against low birthweight that is more apparent in areas where parasite sensitivity to sulfadoxine–pyrimethamine has been lost.  Sulfadoxine–pyrimethamine can be used as an efficacious chemoprophylactic drug against Pneumocystis carinii pneumonia and Toxoplasma gondii infection.9  Moreover, sulfadoxine is related to sulfamethoxazole, the partner compound used with trimethoprim to form cotrimoxazole, a treatment often provided to cure urinary tract infections and to prevent Pneumocystis jiroveci in HIV-infected patients.10 Sulfonamides have also been used to treat Gardnerella vaginalis,11 a bacterium found in women with bacterial vaginosis that can double the odds of having a low birthweight baby compared with pregnant women without bacterial vaginosis.12  A meta-analysis of intermittent preventive treatment with sulfadoxine–pyrimethamine showed that the intervention continues to protect against low birthweight until very low levels of malaria transmission,13 which might be attributable to an effect of sulfadoxine–pyrimethamine on infections other than malaria.   

So, are we at a fork in the road for prevention of malaria in pregnancy?  Possibly.  However, before changing direction, several questions need to be answered in clinical trials that compare intermittent preventive treatment with dihydroartemisinin–piperaquine versus sulfadoxine–pyrimethamine that have sufficient power to detect differences in adverse birth outcomes, including the incidence of low birthweight, preterm birth, and small-for-gestational-age newborns.  Robust microbiological investigations should be included so that policy makers have a better understanding of the effect of maternal infections other than malaria on adverse birth outcomes and the potential effect of different antimicrobial regimens.  There is a clear rationale for assessment of the protective effect of intermittent preventive treatment with dihydroartemisinin–piperaquine plus a broad-spectrum antibiotic to mitigate the dual burden of maternal malaria and bacterial infections.  The acceptability of such regimens by health-care providers and pregnant women will require investigation.  Additionally, the cardiac safety of dihydroartemisinin–piperaquine use in pregnant women, with and without asymptomatic infection, needs to be confirmed. HIV-infected pregnant women are in particular need of attention; intermittent preventive treatment with sulfadoxine–pyrimethamine is withheld because HIV-infected patients are routinely given co-trimoxazole to prevent opportunistic infections, and simultaneous dosing with sulfadoxine–pyrimethamine could expose these patients to toxic concentrations of the sulfa component.  This contraindication would not apply to intermittent preventive treatment with dihydroartemisinin–piperaquine.  Nevertheless, drug interaction studies between dihydroartemisinin–piperaquine and antiretroviral regimens are needed, and should be extended to broad-spectrum antibiotics that can be combined with dihydroartemisinin–piperaquine.  

Desai and colleagues’ findings8 provide strong evidence of the efficacy of intermittent preventive treatment with dihydroartemisinin–piperaquine in a setting with high sulfadoxine–pyrimethamine resistance, including the A581G mutation, and lay a foundation to translate research into policy for the prevention of malaria in pregnancy.  The road ahead is clear.
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