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Abstract 

Objective To evaluate seasonal malaria chemoprevention with sulfadoxine–
pyrimethamine and amodiaquine in a semi-nomadic community in north-western 
Kenya, and to examine the relationship between parasite resistance and 
breakthrough infections. 

Methods A parallel cohort study conducted during the peak malaria season in 
2024 involved 10 randomly selected villages in Turkana Central subcounty, where 
children younger than 5 years received seasonal malaria chemoprevention, and 10 
matched villages in Turkana North subcounty (non-intervention cohort). We conducted 
surveillance of malaria symptoms weekly. The primary outcome was malaria-like 
symptoms plus a positive rapid diagnostic test result. We analysed Plasmodium 
falciparum genomic DNA in dried blood spot samples from children with symptomatic 
infections to identify pfdhfr and pfdhps gene substitutions associated with sulfadoxine–
pyrimethamine resistance. 

Findings Children (198 in the intervention cohort and 200 in the non-
intervention cohort) were followed until four weeks after the last chemoprevention 
cycle. In the intervention cohort, 72% (143/198) completed all five cycles. The 
incidence of malaria was significantly lower in the intervention than non-intervention 
cohort (adjusted incidence rate ratio 0.29; 95% confidence interval: 0.13–0.67). 
Plasmodium falciparum genomic DNA analysis of samples from 68 infected children 
showed that pfdhps gene mutations were more common in the intervention than non-
intervention cohort and became more frequent as the number of treatment cycles 
increased. 
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Conclusion Seasonal malaria chemoprevention with sulfadoxine–
pyrimethamine and amodiaquine was associated with substantial protection against 
malaria in children in an area where sulfadoxine–pyrimethamine resistance was 
common. Treated children were more likely to harbour resistant parasites. 

Introduction 

Seasonal malaria chemoprevention has been used in the Sahel region of Africa for more than 

a decade to reduce morbidity and mortality in vulnerable populations. In practice, 

antimalarials are administered to children to protect against the disease. The most commonly 

used regimen is a sulfadoxine–pyrimethamine combination with amodiaquine, which is 

administered at 28-day intervals throughout the high period for malaria transmission, usually 

for 3 to 5 months. Treatment clears existing infections and the long half-lives of sulfadoxine, 

pyrimethamine and the primary metabolite of amodiaquine, desethylamodiaquine, ensure 

there is prolonged protection against new infections.1,2 Randomized trials and large-scale 

implementation studies have demonstrated that seasonal malaria chemoprevention with this 

combination is highly effective, safe and cost-effective for preventing the disease among 

children in areas with seasonal malaria transmission.3–6 

After the World Health Organization updated guidelines on scaling up seasonal 

malaria chemoprevention beyond the Sahel region in 2022,7 countries in East Africa began 

exploring the integration of seasonal malaria chemoprevention into their prevention arsenal 

by targeting areas with highly seasonal transmission. However, parasites in this part of Africa 

have higher levels of sulfadoxine–pyrimethamine resistance than those in West Africa.8,9 In 

Kenya, for example, studies have documented the persistence of antifolate resistance, which 

reduces the parasite’s susceptibility to sulfadoxine–pyrimethamine, despite withdrawal of the 

combination in the mid-2000s.8,10 Still, there is evidence supporting the continued use of 

sulfadoxine–pyrimethamine, for example during pregnancy, to prevent malaria in areas with 

moderate levels of antifolate resistance.7,11,12 In 2025, a seasonal malaria chemoprevention 

pilot study in Uganda, where antifolate resistance is high, demonstrated a 90% reduction in 

malaria cases.13 However, the relationship between antifolate resistance and the efficacy of 

chemoprevention with sulfadoxine–pyrimethamine and amodiaquine is not well understood. 

Here we report the findings of the first seasonal malaria chemoprevention programme 

in an area of Kenya where communities are highly mobile, sleep out in the open and have 

little access to formal health services, resulting in limited conventional malaria case 

management and vector control. We used active case detection to determine the incidence of 

malaria in parallel cohorts of children in intervention and non-intervention communities and 
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to assess the degree of protection associated with seasonal malaria chemoprevention 

involving the routine administration of sulfadoxine–pyrimethamine and amodiaquine. In 

addition, to investigate the relationships between the effectiveness of seasonal malaria 

chemoprevention, breakthrough infections and parasite resistance, we tested for the presence 

of genetic mutations associated with antifolate resistance in samples of parasites obtained 

during incident infections in both cohorts. 

Methods 

The study took place in Turkana County in the north-western corner of Kenya, bordering 

Uganda to the west and Ethiopia and South Sudan to the north. Most areas have limited 

access to basic infrastructure, such as roads, health facilities and clean water.14 The 2019 

census reported that 14% of residents were younger than 5 years.15 Annually, the mean 

temperature ranges between 26 and 38 °C and rainfall varies between 120 and 500 mm and is 

erratic in distribution and timing. Many local families are semi-nomadic and move with their 

herds of animals in search of pasture because little rain falls each year. Malaria outbreaks are 

frequent,16,17 with approximately 80% of cases occurring within a span of 5 months and 

around 30% occurring in children younger than 5 years. 

Seasonal malaria chemoprevention was implemented in Turkana Central subcounty 

during the high transmission season in 2024 by Turkana County’s health ministry with 

support from the Catholic Relief Services. Treatment was administered in five cycles at 28-

day intervals from June to October 2024. The programme targeted children aged 3 to 

59 months and more than 40 000 received at least one cycle of chemoprevention. 

Study design 

We conducted a prospective, partially randomized, matched, parallel-cohort study to 

investigate the association between seasonal malaria chemoprevention and the incidence of 

malaria. Although our intervention was not randomized, study villages were selected 

randomly to be as representative as possible. In the intervention area (i.e. Turkana Central 

subcounty), two villages were selected from each of the five wards containing a total of 644 

villages (Fig. 1). Within each ward, villages were selected randomly, using samplepps in 

Stata (Stata, College Station, United States of America) with the probability that a village 

would be selected proportional to its size. In the non-intervention comparison area (i.e. 

neighbouring Turkana North subcounty), 10 villages were randomly selected from a total of 

47 villages in areas served by four health facilities where malaria test positivity rates were 
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similar to those at facilities serving the selected Turkana Central villages. Subsequently, 20 

households were randomly selected in each village by systematic random sampling from 

complete lists of households. 

A child was eligible for inclusion in the study if they were aged between 6 and 

59 months and would not pass their fifth birthday by the start of seasonal malaria 

chemoprevention in mid-June 2024. If more than one child was eligible in a household, auto-

populated, randomized allocation was used for selection. In villages with fewer than 20 

households with eligible children, we enrolled additional children from a subset of 

households. 

A sample size of 200 children across 10 clusters in each cohort was sufficient to have 

85% power at a 5% level of significance to detect a 50% difference in the proportion of 

children who had at least one malaria episode. We based our sample size on one episode per 

child because we lacked prior information about the distribution and likely overdispersion of 

episodes. This gave us a conservative estimate of the sample size for the desired power and 

significance. We estimated that 40% of children in the intervention area would have malaria 

during the 5-month follow-up period. 

Outcome measures 

The primary outcome was a positive diagnostic test result for malaria from any source 

accompanied by malaria-like symptoms, specifically fever, a history of fever, aches, chills 

and lethargy. The comparison of interest was the incidence of malaria in the cohort receiving 

seasonal malaria chemoprevention compared to the non-intervention cohort. A secondary 

outcome was the incidence of any malaria-like illness regardless of whether a test had been 

performed. 

Illnesses were documented through active and passive surveillance. A community 

health promoter (also known as a community health worker or community health volunteer) 

visited each household in both intervention and non-intervention areas approximately once 

per week to ask about fever and illness. When an enrolled child was unwell, the community 

health promoter offered them a malaria rapid diagnostic test. The community health promoter 

referred children with a positive test result for treatment at the local health facility, where 

they received artemether–lumefantrine combination therapy free of charge. In addition, study 

staff members and community health promoters encouraged households to contact a 

community health promoter whenever a child had symptoms of malaria to receive a free test. 
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The community health promoters prepared a dried blood spot sample each time they 

performed a rapid diagnostic test. If a child was unwell and had been taken to a health facility 

without the community health promoter being contacted, the promoter documented the 

episode at the next weekly visit. The primary outcome measure included only illnesses 

accompanied by a positive diagnostic test result. Children were excluded from malaria testing 

for two weeks following a positive rapid diagnostic test result or malaria treatment to reduce 

the occurrence of false-positive diagnoses due to circulating antigenaemia. Community health 

promoters also documented instances when children travelled away from villages. 

Data collection and analysis 

At enrolment, we captured household and child data on an electronic form using a REDCap 

database (Vanderbilt University, Nashville, USA). In addition, community health promoters 

completed a paper questionnaire on each routine visit and we entered the data collected into 

the database. Twenty-eight days after the final seasonal malaria chemoprevention cycle, we 

recorded in each child’s participation in the chemoprevention programme a final survey. We 

confirmed details by reviewing government-issued seasonal malaria chemoprevention cards, 

when available. 

We conducted an intention-to-treat analysis. The incidence rate ratio of malaria 

episodes in the intervention group versus the non-intervention group was estimated using a 

mixed-effects Poisson regression model based on the number of malaria episodes per child. 

The model was adjusted for prespecified covariates: (i) the sex and age of the child; 

(ii) mosquito net ownership; (iii) whether the child slept outside; and (iv) the village-level 

prevalence of malaria infection at baseline. Data were analysed using Stata v. 18 (StataCorp 

LLC, College Station, USA) and Rstudio v. 2025.05.0+496 (Posit, Boston, USA) with R v. 

4.3.1 (The R Foundation, Vienna, Austria), with the following packages: tidyverse v. 2.0.0,18 

lme4 v. 1.1–34,19 survival v. 3.8–3,20 survminer v. 0.5.0,21 broom v. 1.0.7,22 and kableExtra v. 

1.4.023 

Laboratory analysis 

Dried blood spot samples were prepared from 5 to 10 μL of capillary blood obtained using a 

finger prick and then adsorbed onto filter paper. We tested samples collected at baseline and 

on active case detection for the presence of Plasmodium falciparum genomic DNA using a 

nested polymerase chain reaction (PCR) assay, starting with a Phusion Blood Direct PCR Kit 

(ThermoFisher Scientific, Waltham, USA) with Plu1/5 primers.24 A second round of 
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amplification involved previously described primers,25 as follows: (i) 1 μL of the primary 

reaction as template and 0.25 μM of forward and reverse primers; (ii) 0.3 μM probe; and 

(iii) 1 × SsoAdvanced Universal Probes Supermix (Bio-Rad, Hercules, USA).  

When present, we extracted fresh P. falciparum genomic DNA from dried blood spot 

samples using a 5-mm punch and a Chelex-based protocol.26 In addition, samples underwent 

testing for genetic markers of resistance to sulfadoxine–pyrimethamine using a PCR allelic 

discrimination assay.27 There are five dominant mutations in the P. falciparum dhfr and dhps 

genes that have been shown to correspond to antifolate resistance in East Africa: (i) pfdhps 

A437G; (ii) pfdhps K540E; (iii) pfdhfr N51I; (iv) pfdhfr C59R; and (v) pfdhfr S108N. 

Substitutions pfdhfr N51I and pfdhfr S108N were at fixation in Kenya (i.e. they were nearly 

100% prevalent).28 Therefore, we focused our analysis on the remaining three substitutions: 

pfdhps A437G, pfdhps K540E and pfdhfr C59R. Each PCR reaction included 5 µL of 

template, 0.3 µM of forward and reverse primers, and 1 × SsoAdvanced Mastermix and 

0.2 µM of each of two probes, one corresponding to the mutant allele and the other to the 

wild-type allele. 

Informed consent 

Written informed consent was obtained from the parents or guardians of participating 

children. Approval was granted by Moi University Institutional Research and Ethics 

Committee in Kenya and Duke University Institutional Review Board in the United States of 

America. This study was registered with the Pan African Clinical Trials Registry 

(PACTR20240570172). 

Participant and public involvement 

Participants were not directly involved in the design of the study. However, suggestions and 

information provided by the public and community leaders during the formative research 

phase were critical for designing the seasonal malaria chemoprevention programme.29 The 

Kenyan health ministry and community leaders were involved in all aspects of the study 

design, randomization, enrolment and the supervision of study activities. 

Results 

In total, we enrolled 398 eligible children from 389 households in the study: 198 in the 

intervention cohort and 200 in non-intervention cohort. Nine households had more than one 

participating child. The two cohorts were similar at baseline (Table 1). Overall, the children’s 

mean age was 28.9 months, 49% were female and only 50% had a bednet for their sleeping 
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space. On the day of enrolment, 17% (68/389) reported symptoms and were offered a malaria 

rapid diagnostic test. Of the 68, 13 (19%) tested positive. Parasite prevalence was measured 

using a PCR test in all children at enrolment and was found to vary substantially between 

villages (Fig. 2). Overall, the prevalence was 20% (95% confidence interval, CI: 16–24); it 

was lower in the non-intervention cohort than the intervention cohort, at 16% versus 23%, 

respectively (P = 0.077).  

All 198 children from the intervention area were eligible for seasonal malaria 

chemoprevention and 143 (72%) received the full five cycles. Of the 55 (28%) who did not 

receive all five cycles, two (1%) had no chemoprevention at all and 39 (20%) received 

between one and four cycles. In addition, 14 (7%) children could not be located at the end of 

the study and their chemoprevention coverage could not be determined fully; however, 

according to weekly visit records, at least 10 had one or more cycles.  

Efficacy of seasonal malaria chemoprevention 

We recorded malaria episodes from the last day of the first cycle of seasonal malaria 

chemoprevention administration until 28 days after the last cycle (i.e. from 18 June 2024 to 

7 November 2024). Twenty-two children (14 in the intervention cohort and eight in the 

control cohort) were lost to follow-up and could not be contacted at the end of the study. In 

addition, 27 children left the study area during the observation period and missed at least two 

weekly household visits, but 22 of the 27 returned before the final visit. In total, there were 

7585 child–weeks of observation: 3779 in the intervention cohort and 3806 in the control 

cohort. Between the end of the first chemoprevention cycle and 28 days after the last cycle, 

566 febrile events were documented, of which 207 were due to malaria: 58 in the intervention 

cohort and 149 in the control cohort. These figures correspond to a crude incidence of 87.5 

malaria episodes per 100 person–years at risk in the intervention cohort and 202.7 per 100 

person–years at risk in the control cohort. Overall, 80% (159/198) of children in the 

intervention cohort remained malaria-free throughout the study period compared to only 50% 

(99/200) in the control cohort. After adjusting for the children’s age and bednet use and the 

cluster-level malaria prevalence at baseline, the incidence rate ratio of malaria episodes in the 

intervention group compared with the non-intervention group was 0.29 (95% CI: 0.13–0.67). 

The incidence rate ratio of all fevers in the intervention group compared with the non-

intervention group was 0.47 (95% CI: 0.31–0.72), which indicates that a high proportion of 

fevers was due to malaria. Fig. 3 shows the number of malaria cases per week in the 

intervention and non-intervention cohorts over the study period. 
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Malaria episodes were more common in children who had fewer than five cycles of 

seasonal malaria chemoprevention than in those who had five cycles; 41 of 58 (71%) malaria 

episodes observed in the intervention cohort occurred in children with incomplete 

chemoprevention. Moreover, of the 11 children in the intervention cohort who experienced 

more than one malaria episode during the study, all but one received fewer than five 

chemoprevention cycles. 

Parasite resistance 

Of the 351 dried blood spot samples collected, 156 contained P. falciparum: 55 of 138 (40%) 

samples from the intervention cohort and 101 of 213 (47%) samples from the control cohort. 

At least one of the three genomic positions of interest (i.e. pfdhfr 59, pfdhps 437 or pfdhps 

540) was amplified in 90 infections and all three positions were amplified in 68. At least one 

mutation associated with sulfadoxine–pyrimethamine resistance was present in 54% (37/68) 

of infections for which all three markers of resistance were amplified. The majority of 

infections contained at least one wild-type allele involving pfdhfr 59, pfdhps 437 or pfdhps 

540. More infections in the intervention cohort than the non-intervention cohort had mixed 

alleles (i.e. both mutant and wild-type alleles; Table 2), which indicates that multigenomic 

infections were more common in the intervention cohort. Although the prevalence of the 

pfdhps A437G mutation was significantly higher in the intervention cohort than the non-

intervention cohort (P-value: 0.030; Table 2), the distribution of mutations of interest was not 

significantly different between the cohorts (P-value: 0.063; Table 3). Finally, the odds of 

harbouring an allele with the pfdhps K540E or pfdhps A437G mutation increased 

significantly with each additional seasonal malaria chemoprevention cycle received (Fig. 4). 

Discussion 

Seasonal malaria chemoprevention is highly cost-effective for reducing morbidity and 

mortality from malaria among children. However, experience with the strategy in eastern and 

southern Africa is limited. In our study, seasonal malaria chemoprevention was successfully 

deployed in a unique community of pastoralists in northern Kenya and was associated with a 

significantly lower incidence of malaria episodes in the intervention cohort compared with 

the non-intervention cohort over the 5 months of the programme. The degree of protection 

observed in Turkana was lower than that reported in a study from neighbouring Uganda but 

was generally in agreement with the findings of randomized studies in West Africa and 

estimates from routine seasonal malaria chemoprevention.6,30–32 Nearly three quarters of 
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malaria episodes in our intervention cohort occurred among children who received fewer than 

five cycles of chemoprevention, which suggests that the somewhat lower level of protection 

we observed was attributable to imperfect adherence to treatment. Although children in our 

study were in regular contact with community health promoters, less than three queaters were 

confirmed to have received all five cycles. 

The remoteness and mobility of the study population were expected to present a 

challenge for attaining full coverage and indeed more than a 10th of children missed 

appointments with the study team due to household movement. This proportion is higher than 

we recorded previously in cross-sectional studies and probably contributed to the suboptimal 

uptake of seasonal malaria chemoprevention.33 

Parasite populations in East Africa have substantially higher levels, and a higher 

prevalence, of antifolate resistance than those in West Africa,9 which raises concerns about 

the efficacy of sulfadoxine–pyrimethamine and amodiaquine for seasonal malaria 

chemoprevention. Although sulfadoxine–pyrimethamine has remained effective for 

protecting pregnant women,7,11,12 it is possible that pre-existing immunity in the mother may 

play a role in boosting the drugs’ effects.34 Consequently, doubts linger about the 

effectiveness of sulfadoxine–pyrimethamine and amodiaquine for preventing malaria in 

young, non-immune children exposed to drug-resistant parasites. Nevertheless, several 

studies, including ours, confirm the high apparent efficacy of this combination in places 

where drug-resistant parasites predominate.13,35–37 

To better understand the relationship between seasonal malaria chemoprevention and 

parasite resistance, previous studies have compared the prevalence of resistance alleles in P. 

falciparum genes before and after chemoprevention to determine whether the population 

prevalence of specific alleles may have increased.6,38,39 In our study, we focused on antifolate 

resistance alleles in clinical breakthrough infections that occurred during seasonal malaria 

chemoprevention to understand the relationship between the selection of sulfadoxine–

pyrimethamine resistance genes in parasites and the effectiveness of malaria prevention. We 

found that the prevalence of the pfdhps A437G mutation was significantly higher in incident 

P. falciparum infections among children receiving seasonal malaria chemoprevention than 

among infections in the comparison cohort. Moreover, the odds of harbouring mutant pfdhps 

437 and pfdhps 540 increased with each chemoprevention cycle. A study in Burkina Faso 

demonstrated selection for two drug-resistance dhfr alleles (i.e. dhfr 59R and dhfr 108N) in 

prevalent infections during seasonal malaria chemoprevention.40 Although it is not known 
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whether a small number of breakthrough infections makes a substantial contribution to the 

spread of sulfadoxine–pyrimethamine resistance, the observation that resistant parasites are 

more common in breakthrough infections is important because they may increase the risk of 

disease.  

The relationship between scaling up seasonal malaria chemoprevention with 

sulfadoxine–pyrimethamine and amodiaquine and changes in the prevalence of sulfadoxine–

pyrimethamine resistant parasites has been explored in countries where seasonal malaria 

chemoprevention is routinely implemented at scale. Typically, these studies measure changes 

in resistance alleles following chemoprevention using repeated, cross-sectional surveys of 

asymptomatic children or adults.6,38,39 Studies lasting 2 to 5 years have not found changes in 

antifolate resistance in parasite populations,6,38 but longer-term studies in Africa reported that 

antifolate resistance continued to expand over time.39 Although the relationship with seasonal 

malaria chemoprevention cannot be confirmed, it is the only substantial source of selective 

pressure from sulfadoxine–pyrimethamine. In East Africa, one study from Uganda reported 

no difference in the prevalence of antifolate resistance mutations in children within and 

outside areas where seasonal malaria chemoprevention was implemented.13 However, the 

baseline prevalence of resistance was very high, which left little room for an increase. A 

major weakness of these ecological studies is the absence of information on the use of 

seasonal malaria chemoprevention at the individual level and of comparisons between 

individuals who are and are not eligible for seasonal malaria chemoprevention. 

Our study has limitations that should be considered when weighing the evidence. This 

was not a randomized study. Instead, we selected comparison areas from which to draw the 

non-intervention villages to maximize their similarity to the intervention area at baseline, 

reduce confounding and, thereby, improve our inferences about the effect of the intervention. 

As children who had been treated with antimalarials in the previous two weeks were excluded 

from the next round of seasonal malaria chemoprevention, it is possible our weekly active 

monitoring of morbidity may have resulted in fewer children receiving chemoprevention than 

if less-sensitive passive case detection had been used. Moreover, the increased sensitivity of 

active case detection may have also led to malaria episodes being registered in children who 

might not have sought care at a health facility. However, both study cohorts would have been 

subject to this higher sensitivity and the estimated incidence ratios should not have been 

affected by bias. As we were able to characterize the three P. falciparum genomic positions 

of interest in less than half of all infections, our comparisons are imprecise, although the 
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differences we found were significant. We did not evaluate amodiaquine resistance in 

infected children but the level of resistance was expected to be low in the region.41 Finally, it 

remains unclear whether the higher prevalence of sulfadoxine–pyrimethamine-resistant 

infections in children receiving seasonal malaria chemoprevention contributes to the broader 

spread of resistance at the population level. Even if resistant infections are transmitted by 

these children, the reduction in the overall number infected may offset this potential risk. 

In conclusion, we found that the protection against malaria illness offered by seasonal 

malaria chemoprevention with sulfadoxine–pyrimethamine and amodiaquine was high 

despite the marked prevalence of parasites with mutations in dhfr and dhps genes linked to 

sulfadoxine–pyrimethamine resistance. Consequently, expanding seasonal malaria 

chemoprevention to other regions that experience highly seasonal transmission would be 

worthwhile. However, given evidence that breakthrough infections by quintuple mutant 

parasites occur, routine monitoring of breakthrough infections in recipients of seasonal 

malaria chemoprevention should be established at health facilities to increase understanding 

of the contribution of resistance to morbidity. Moreover, information about local levels of 

resistance is important for predicting the parasite’s susceptibility to, and the overall efficacy 

of, chemoprevention. 
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Table 1. Participants’ characteristics at baseline, study of seasonal malaria 
chemoprevention and parasite drug resistance, Kenya, 2024 
Child’s characteristic No. (%) of childrena Pb 

Overall 
(n = 398) 

Intervention 
(n = 198) 

Control 
(n = 200) 

Age in months, mean (SD) 28.9 (14.3) 28.7 (14.5) 29.1 (14.2) 0.77 
Female sex 195 (49) 96 (48) 99 (50) 0.84 
Has bednet for sleeping 
space 

198 (50) 106 (54) 92 (46) 0.13 

Sleeps outside 88 (22) 40 (20) 48 (24) 0.36 
Symptomatic at enrolment 68 (17) 38 (19) 30 (15) 0.22 
Symptoms plus positive 
malaria rapid diagnostic 
test result 

13 (3.3) 9 (4.5) 4 (2.0) 0.59 

SD: standard deviation. 

a All values represent absolute numbers and percentages unless otherwise stated. 

b We calculated P-values using the χ2 test except for the age comparison, which used a two-sample t-
test. 

Note: Turkana Central was the intervention subcounty, where children received seasonal malaria 
chemoprevention, and Turkana North subcounty was the control area. 
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Table 2. Prevalence of selected Plasmodium falciparum alleles in blood spot 
samples, by subcounty, study of seasonal malaria chemoprevention and 
parasite drug resistance, Kenya, 2024 
Genomic 
position and 
allele type 

No. (%) blood spot samples from children with P. 
falciparum infectionsa 

Overall Intervention Control Pb 
pfdhfr 59 
Allele type    0.500 

All 86 (100.0) 27 (100.0) 59 (100.0) NA 
Mixed 11 (12.8) 5 (18.5) 6 (10.2) NA 
Mutant 27 (31.4) 7 (25.9) 20 (33.9) NA 
Wild-type 48 (55.8) 15 (55.6) 33 (55.9) NA 

pfdhps 540 
Allele type    0.113 

All  70 (100.0) 23 (100.0) 47 (100.0) NA 
Mixed 6 (8.6) 4 (17.4) 2 (4.3) NA 
Mutant 12 (17.1) 5 (21.7) 7 (14.9) NA 
Wild 52 (74.3) 14 (60.9) 38 (80.9) NA 

pfdhps 437 
Allele type    0.030 

All  87 (100.0) 26 (100.0) 61 (100.0) NA 
Mixed 19 (21.8) 7 (26.9) 12 (19.7) NA 
Mutant 12 (13.8) 7 (26.9) 5 (8.2) NA 
Wild 56 (64.4) 12 (46.2) 44 (72.1) NA 

NA: not applicable; P. falciparum: Plasmodium falciparum. 

a Mutations in Plasmodium falciparum pfdhfr and pfdhps genes that confer resistance to sulfadoxine–
pyrimethamine were detected in dried blood spot samples from children using a polymerase chain 
reaction (PCR) allelic discrimination assay. 

b We calculated P-values using the χ2 test for differences in the distribution of the three allele types 
(i.e. mixed, mutant and wild type) between infections in intervention and control areas. 

Note: Turkana Central was the intervention subcounty, where children received seasonal malaria 
chemoprevention, and Turkana North subcounty was the control area. 
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Table 3. Prevalence of sulfadoxine–pyrimethamine-resistance mutations, by 
subcounty, study of seasonal malaria chemoprevention and parasite drug 
resistance, northern Kenya, 2024 
Resistance mutations detected 
and level of sulfadoxine–
pyrimethamine resistancea 

No. (%) blood spot samples from children with P. 
falciparum infections 

Overall 
(n = 74)b 

Intervention 
(n = 24) 

Control 
(n = 50) 

Pc 

Mutationsd    0.063 
pfdhps A437G alone 2 (2.7) 2 (8.3) 0 (0.0) NA 
pfdhps A437G and K540E 6 (8.1) 3 (12.5) 3 (6.0) NA 
pfdhps A437G and pfdhfr C59R 3 (4.1) 1 (4.2) 2 (4.0) NA 
pfdhps A437G and K540E and 
pfdhfr C59R 

11 (14.9) 6 (25.0) 5 (10.0) NA 

pfdhfr C59R alone 15 (20.3) 2 (8.3) 13 (26.0) NA 
Wild typee 37 (50.0) 10 (41.7) 27 (54.0) NA 
Resistance levelf       0.119 
0 37 (50.0) 10 (41.7) 27 (54.0) NA 
1 20 (27.0) 5 (20.8) 15 (30.0) NA 
2 17 (23.0) 9 (37.5) 8 (16.0) NA 

NA: not applicable; PCR: polymerase chain reaction; P. falciparum: Plasmodium falciparum. 

a P. falciparum resistance mutations were detected in dried blood spot samples from children using a 
PCR allelic discrimination assay. 

b Samples were obtained from 68 infections in children in whom all three genomic positions of interest 
(i.e. pfdhfr 59, pfdhps 437 and pfdhps 540) were amplified on PCR analysis plus six infections in 
children in whom pfdhps 540 was not amplified. In these six infections, wild-type pfdhfr 59 and pfdhps 
437 were detected and it was assumed that wild-type pfdhps 540 was present because it is very rare 
for pfdhps 540 mutations to occur in the absence of mutations at the other two positions. 

c We calculated P-values using the χ2 test for differences in the distribution of the six combinations of 
mutations between infections in intervention and control areas . 

d Five dominant mutations in pfdhfr and pfdhps genes confer resistance to sulfadoxine–
pyrimethamine. As previous studies in Kenya found that the prevalence of two of these mutations (i.e. 
pfdhfr S108N and pfdhfr N51I) was 100%, which we confirmed in a pilot study involving 10 samples, 
we assumed all parasites in our study area had these two mutations. 

e Wild type indicates that wild-type pfdhfr 59, pfdhps 540 and pfdhps 437 were all detected. For six 
samples, wild-type pfdhfr 59 and pfdhps 437 were detected but wild-type pfdhps 540 was not, they 
were also assumed to be wild type. 

f The level of sulfadoxine–pyrimethamine resistance among parasites was attributed as follows: (i) 0 
for wild-type pfdhfr 59, pfdhps 540 and pfdhps 437; (ii) 1 (i.e. low) for mutations at pfdhps 437 alone, 
pfdhfr 59 alone, and pfdhps 437 plus pfdhfr 59; and (iii) 2 (i.e. high) for mutations at pfdhps K540E, 
with other mutations or alone. 

Note: Turkana Central was the intervention subcounty, where children received seasonal malaria 
chemoprevention, and Turkana North subcounty was the control area. 
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Fig. 1. Study villages, Turkana County, study of seasonal malaria 
chemoprevention and parasite drug resistance, Kenya, 2024 

 

 
Notes: children in villages marked by blue dots in Turkana Central subcounty received seasonal 
malaria chemoprevention. Children in villages marked by red dots in Turkana North subcounty served 
as a non-intervention comparison population. There were 10 villages in each of Turkana Central and 
Turkana North subcounties but not all are visible on the map because some dots overlap. 
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Fig. 2. Prevalence of Plasmodium falciparum infection at study enrolment, by 
subcounty and village, study of seasonal malaria chemoprevention and 
parasite drug resistance, Kenya, 2024 

 

 
P. falciparum: Plasmodium falciparum. 

Notes: children in villages in Turkana Central subcounty received seasonal malaria chemoprevention. 
Children in villages in Turkana North subcounty served as a non-intervention comparison population. 
The presence of a Plasmodium falciparum infection was detected using a polymerase chain reaction 
(PCR) test. 
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Fig. 3. Weekly malaria episodes, by subcounty, study of seasonal malaria 
chemoprevention and parasite drug resistance, Kenya, 2024 

 

 
Notes: Turkana Central was the intervention subcounty, where children received seasonal malaria 
chemoprevention, and Turkana North subcounty was the control area.  
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Fig. 4. Odds of Plasmodium falciparum in infected children harbouring a 
pfdhps K540E, pfdhfr C59R or pfdhps A437G mutation in the subsequent 
seasonal malaria chemoprevention cycle, study of seasonal malaria 
chemoprevention and parasite drug resistance, Kenya, 2024 

 

 
CI: confidence interval; OR: odds ratio; P. falciparum: Plasmodium falciparum. 

Notes: in the regression analysis, the number of seasonal malaria chemoprevention cycles was 
treated as a continuous variable, ranging from 0 to 5. The odds can be interpreted as the relative 
change in the risk of infection by Plasmodium falciparum that harboured the specific mutation 
between one treatment cycle and the subsequent cycle. The odds ratios were not adjusted for any 
covariates. 

 


