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Supplemental Methods 
Supplement 1: Abbreviation list (alphabetical order) 

ANC Antenatal clinic 
BS Blood smear 
CI Confidence interval 
HIV Human immunodeficiency virus 
IPD Individual participant data 
IPTp Intermittent preventive treatment of malaria in pregnancy 
IQR Interquartile range 
IRS Indoor residual spraying 
IST Intermittent screening and treatment of malaria 
ITN Insecticide treated net 
NAAT Nucleic acid amplification test (PCR or LAMP) 
NA Not available or not applicable 
NR Not reported 
PCR Polymerase chain reaction 
LAMP Loop-mediated isothermal amplification 
LLIN Long-lasting insecticide treated nets 
cRDT Conventional Rapid diagnostic malaria test 
SD Standard deviation 

 

Supplement 2: Supplemental information on search  
The first mention of PCR for malaria identification in the Malaria in Pregnancy library was in 1998; 
we used 1997 to detect additional materials that might have been missed in the library using the 
terms "Polymerase chain reaction" OR PCR OR subpatent OR submicroscopic OR sub-patent OR sub-
microscopic OR Lamp OR "loop-mediated isothermal amplification". The search was repeated in 
Pubmed (450 results), Google Scholar (446 results) and the Global Health database with “AND 
pregnan* AND malaria” added to the search terms. No new studies were identified relative to the 
search using the Malaria in Pregnancy Library database. We also searched reference lists and review 
articles identified in the primary search. We contacted researchers with relevant publications to 
identify any further, unpublished studies. Note that in some studies, PCR was used on samples that 
were preserved from older studies, with the inclusion of studies conducted before 1998 as a result. 
The last search was conducted on November 10, 2021. An update of the search using the Malaria in 
Pregnancy Library and PubMed from November 10, 2021, to 26 November 2022, resulted in 36 and 
33 entries, respectively; after deduplication of the combined file, 48 entries from 40 studies 
remained and five new studies with potential information on submicroscopic malaria were 
identified. There was insufficient information in these five studies for data-extraction. These five 
studies were not included in the analyses described in this paper. 

This study was registered in Prospero-CRD42015027342 as a systematic review and not as an 
individual participant data analysis. This will be corrected at a later stage. 

Pubmed search: ("Polymerase chain reaction" OR PCR OR subpatent OR submicroscopic OR sub-
patent OR sub-microscopic OR Lamp OR "loop-mediated isothermal amplification") AND pregnan* 
AND Malaria AND 1997/01/01:2021/10/01[dp] 
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Supplement 3: Requested variables for IPD analysis 
We emailed authors of eligible studies to inform about the study and inquire about their interest. 
Authors were emailed at least three times before deciding not to include the study as IPD, unless 
they informed us about their interest. When authors were not interested to take part, or could not 
be contacted, or for other reasons did not take part, an attempt was made to extract the data 
needed. The following variables were requested from IPD studies: Study identity number, date of 
visit, malaria test (microscopy, PCR, cRDT, LAMP), malaria test result, species and country where 
available, source of blood for malaria test at delivery (maternal or placental), gravidity, age, history 
of fever, body temperature, history of recent antimalarial treatment, gestational age, net use, ITN 
use, IPTp use or other type of malaria prevention, haemoglobin, and treatment arm if part of a trial. 
If at delivery: singleton, birth outcome (live or stillbirth), birthweight, newborn sex. Where available: 
HIV status, rural residence, IRS, smoker, iron and folate supplementation, maternal anthropometry 
and placental histology. These last four variables were not used in the current analyses. Each 
individual dataset was checked for ranges and consistency; information was compared with 
publications where possible, and variables were created or reformatted for merging. No 
irregularities were identified when checking the IPD data. For aggregated data, the study 
information was extracted independently by AMvE and AM using excel sheets and compared, and 
only used if both persons agreed on the extracted information. 

Supplement 4: Supplemental information on quality assessment 
In this individual patient data analysis, participating studies were surveys, trials and cohorts. 
Although some included studies were trials, these were not selected because of their research 
question but because of the availability of the exposure and outcomes of interest (submicroscopic 
malaria). For this reason, we used an adaptation of the Newcastle Ottawa Scale. We assessed the 
availability of primary exposures (malaria by test and compartment) and outcomes of interest 
(submicroscopic malaria prevalence, birthweight, gestational age, haemoglobin), and if the 
assessment of the outcomes was blind for the exposure, as far as could be assessed. Confounders 
were defined as factors that were associated with the exposure and the outcome but were not on 
the causal pathway. We assessed whether important known confounders were available such as 
age, gravidity, setting (rural or urban place of living) and HIV status. We recorded the availability of 
co-variates such as recent malaria treatment and malaria prevention (net use, ITN, IRS, IPTp). In the 
current study, submicroscopic malaria prevalence was our outcome of interest, and we used the 
criteria as described in Table S0. Studies could attain one point for each question, with a maximum 
of six points. We considered scores of 5 or 6 as indicators of high quality of the contributing data. 
Studies were not excluded from the analyses based on their quality score, but a sensitivity analysis 
was conducted to assess the impact of low-quality studies. The quality score information was 
included in the sensitivity analysis as a dichotomy (score of 5 or 6 vs. <5) or continuous score, to 
assess if results would differ by quality of the study (Table S23). We used the same criteria for 
studies where data was extracted from the articles when we were not able to retrieve the data set. 
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Table S0: Criteria for quality assessment 
 Focus area Category options 
1 Representativeness of 

the population 
a) Truly representative of women in the community (e.g. random selection in 

community) * 
b) Somewhat representative of the average woman in the community (e.g. 

ANC at enrolment) * 
c) Selected group of women (e.g. women who were enrolled from a maternity 

population or delivered in a maternity) 
d) No description of the derivation of the group 

2 Inclusion/exclusion 
criteria: exclusion of 
group that may affect 
outcome? 

a) No clear inclusion/exclusion criteria that may affect exposure or outcome* 
b) Inclusion/exclusion criteria may affect exposure (e.g. HIV-status, certain 

age groups, only live borns, only newborns with certain weights, certain 
gravidity groups) 

c) No description of criteria 
3 Ascertainment of 

exposure 
 

a) Microscopy, RDT, PCR or LAMP appropriately described and valid, reliable*  
If 50% or more of tests well described, 1 point 

b) Incomplete description or doubtful methods 
c) No description 

4 Availability of potential 
confounding variables 
(age, gravidity, HIV, 
setting) 

a) All mentioned potential confounders available* (if 3 or 4 out of 4 available) 
b) Some available, incomplete 
c) All not available 

5 Availability of co-
variates 
(IPT, ITN, IRS, malaria 
treatment) 

a) Malaria treatment and prevention available* (1 point if treatment and 
prevention are available) 

b) Only partially available* 
c) Not available 

6 Attrition outcome 
 

a) Complete - all subjects accounted for* 
b) Outcome not available for all subjects but unlikely to introduce bias - small 

number lost - <20%, or description provided of those lost * If majority not 
available but random selection, still 1 point. 

c) Outcome for less than 80% of people with exposure data and no 
description of those lost 

d) No statement 
 

Supplement 5: Supplemental information on variables and multivariable models 
We added information on geospatial coordinates of the study sites (longitude and latitude obtained 
from Google Earth: https://www.google.com/earth/), and the prevalence of sulfadoxine-
pyrimethamine (SP) resistance markers for studies in Africa only (Ala437Gly and Lys540Glu 
substitutions in the dhps gene), obtained from the publication, study authors, or existing prevalence 
maps of P. falciparum dhps mutations).1,2  
The following covariates were included in the analyses as appropriate and available:  
• Maternal covariates: Age, gravidity, HIV infection, use of malaria prevention (ITNs, IPTp, IRS) or 

antimalarials, gestational age or trimester in pregnancy or at delivery 
• Location or study site co-variates: malaria season, location of living (rural vs. urban), indicator of 

malaria transmission intensity for study site at the time of study, prevalence of molecular 
markers of SP resistance in the study area around the time of the study (Pfdhps-A437G and 
Pfdhps-K540E), species, region 

• Study level covariates: study design, risk of bias assessment, details of blood smear reading. 
Random effects models were used to allow for heterogeneity in risk across studies. The I2 was used 
as indicator of heterogeneity.  
 

https://www.google.com/earth/
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Studies in Asia and the Pacific were combined as “Asia”. An indicator of malaria transmission 
intensity was obtained from the Malaria Atlas Project (2020-layer, https://malariaatlas.org) for the 
mid-year of the study for meta-analyses and for the study year for the one-stage IPD analyses. The 
Malaria Atlas Project estimates reflect the average prevalence of P. falciparum infection among 
children 2-10 years of age to within five kilometres of any location. We defined low malaria 
transmission as a PfPR2-10 <10%, moderate transmission as PfPR2-10 10-34%, and high transmission as 
PfPR2-10 ≥35%. Low transmission can be considered similar to hypo-endemic malaria.3 Hyper-
endemic and holo-endemic malaria are officially defined as a PfPR2-10 of 50-75%, and >75%, 
respectively; however, malaria transmission has declined and in our participating studies only five 
were in high and one in a holo-endemic transmission area.4 To obtain meaningful sample sizes, we 
reduced the cut-off for high transmission to PfPR2-10 ≥35%. 

Age was used in three groups, defined as <20 years, 20-29 years, and 30+ years, which was used as 
baseline. Gravidity was used in three groups (primigravidae, secundigravidae and gravidae 3+). A few 
studies had age data and gravidity only as categories available and not as a continuous variable, and 
for this reason, the total number available in categories is higher than for age or gravidity as 
continuous variables.  

We checked collinearity between age and gravidity before including these variables in multivariate 
analysis. We evaluated collinearity using the variance inflation factor (VIF) and tolerance, defined as 
1/VIF. A tolerance value lower than 0.1 is comparable to a VIF of 10 and may merit further 
investigation.5 Results were as follows: 

Analysis Correlation 
coefficient, p-value 

Variance  
inflation factor 

Tolerance 

During pregnancy  0.5908, p<0.0001 1.54 0.6509 

Delivery, dataset for maternal blood 0.6137, p<0.0001 1.60 0.6233 

Delivery, dataset for placental blood 0.6049, p<0.0001 1.58 0.6341 

 

To indicate net use, we defined “any net” to indicate a net of any type that was used as defined by 
the study, e.g. in the previous night, during pregnancy, or available in the household, and ITN use as 
reported by the participant. Several trials and cohorts provided ITNs at the time of enrolment in 
pregnancy; if this was reported, we considered at the time of delivery that these participants used 
ITNs. This information was not included in the variable “any net use” at the time of delivery. There 
was wide variety in report of antimalarials for time period, number of times and type of antimalarial. 
Additionally, trials used several different treatments as IPTp or IST. We combined reported 
antimalarial use and IPTp in one variable, indicating a history of antimalarial use in pregnancy. For 
malaria prevalence during pregnancy, gestational age was included in multivariable models as a 
continuous variable, whereas at the time of delivery we included the variable “preterm”, to indicate 
if the gestational age was before 37 weeks of gestation at the time of delivery. Rainy season was 
defined according to the dataset where this was available or using the date variable and information 
from the source article or author where available, or from the internet for the location of the study 
when first-mentioned sources were not available. For studies where no visit date was available, we 
assigned the midyear of the study as study year. To assess the effect of quality of blood smear 
reading, variables were created for each study indicating the number of high power fields examined 
before declaring a slide negative (100 high power fields versus 200 or more), and a variable 

https://malariaatlas.org/
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indicating number of persons reading the slides (1 person and 10% quality control versus 2 persons 
and a third person in case of disagreements).  

Prevalence. Estimates for prevalence by study were generated within the merged dataset for the IPD 
analyses. A dataset was created with prevalence by study, and this was merged with the dataset 
from individual studies from the extracted data for the two-stage analysis. The Freeman-Tukey 
double arcsine transformation was used for metaprop.6  The variance stabilizing transformation of 
the proportions as proposed by Freeman and Tukey normalizing the outcomes of proportions before 
pooling,6 is defined as; 

 
The asymptotic variance of the transformed variable is defined as .7  
 
This transformation is intended to achieve approximate normality. This method has the advantage 
that the variances of the arcsine-based transformations depend only on the sample sizes, which are 
typically fixed, known values.8 A continuity correction of 0.5 was used for cells with 0-values in the 
meta-analysis of odds ratios.9 

Because of the high heterogeneity, the pooled summary estimate of the prevalence of 
submicroscopic and microscopic malaria was reported in combination with the median and range, 
allowing the readers their own judgment, and providing a range that may cover the likely result. 
Individual participant data analysis was conducted to try to address some of the heterogeneity 
through the covariate adjustment for dataset where the individual participant data was available.  

Fever. For the random-effect multivariable logit models of fever (xtlogit), the main interest was the 
relationship between malaria infection and fever, and the modifying effect of transmission level or 
gravidity (as potential indicators of background immunity) on this relationship. Adjustment was 
made for base model covariates and gestational age.  Although we explored the effects of history of 
antimalarial use, ITN or any type of net use, HIV infection, and IRS, we did not use these variables in 
the models because of the drop in sample size; however, the most important results are described in 
supplement 8. We only presented the relationship between malaria and fever in pregnancy because 
at delivery, multiple additional causes of fever can be present due to the delivery process. 

Species. Malaria species was not examined for placental blood because of the differences in ability to 
sequester in the placenta by species. 

Factors associated with microscopic and submicroscopic malaria. We explored factors which are 
known to affect exposure to infected mosquito bites (incidence of infection: ITN use and net use, 
IRS, rainy season, level of malaria transmission, continent, rural vs. urban setting), factors associated 
with clearance of parasites in the blood (antimalarial treatment) and factors known to affect 
immunological response to malaria (age, gravidity, gestational age and HIV-status). Multiple 
imputations could not be conducted for missing information, as these variables were not missing at 
random but, in many cases, reflected the study design/protocol. The last group of factors may affect 
chronicity of the infection, once an infection has been acquired. Multivariable models were made for 
Africa and America/Asia separately. In areas of moderate and high malaria transmission, a gravidity 
specific pattern of malaria is well known, with primigravidae having the highest prevalence of 
malaria, and a decrease in prevalence with increasing pregnancy number which may be due to the 
development of gravidity specific immunity to malaria.10,11 In most high transmission regions the 
prevalence does not differ much by gravidity among gravida 3+. However, in areas of low 
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transmission, such a pattern is not seen, with primi- and multigravidae having a similar prevalence of 
malaria. Because of these patterns, an interaction term between gravidity and transmission level 
was explored in models for Africa. The model improved with the interaction term, and for this 
reason in Africa analyses were stratified by by high (PfPR2-10 ≥35%) and moderate-to-low 
transmission areas (PfPR2-10 <35%); Gravidity was divided into primigravidae [G1], secundigravidae 
[G2], and multigravidae [G3+], except for analyses with non-convergence, when categories could be 
combined. . There were no known HIV-infected participants in America/Asia, so this covariate was 
not evaluated in this region. In some models at delivery, study design could not be included because 
of collinearity.  

Outcome of submicroscopic malaria at enrolment in the consecutive scheduled visit. Nine studies had 
information on submicroscopic malaria at follow up visits. All studies had scheduled study visits 
every 4-6 weeks. We explored the outcome of submicroscopic malaria at enrolment at the 
subsequent scheduled study visit. Note that submicroscopic malaria at enrolment is generally 
detected too late to have clinical consequences in the form of treatment; however, in trials women 
generally will receive treatment at enrolment, and in cohort studies in Africa, IPTp with SP may have 
started. To avoid labelling inadvertent unscheduled as scheduled study visits, a minimum interval of 
14 days was used between enrolment and consecutive scheduled study follow up visit. No maximum 
limit was set to allow the largest sample size available. We calculated prevalence of submicroscopic, 
microscopic and no malaria infection at the 2nd scheduled study visit when submicroscopic malaria 
was present at enrolment and calculated the time interval in days. We explored several definitions 
for time interval between visits, with or without upper or lower limits and these models gave similar 
results. Co-variates explored were base model variables, interval between study visits in days, 
markers of SP resistance and antimalarial treatment at enrolment, and all were initially included in 
the multivariable model. All locations in moderate-to-low transmission areas were in high 
transmission areas, and for this reason, a combination variable of SP resistance and transmission 
level was created, indicating low-moderate transmission-high SP resistance, high transmission-low 
SP resistance, and high transmission-high SP resistance. Factors with a p-value >=0.1 (Wald test) in 
both parts of the model (for submicroscopic and microscopic malaria) in the multivariate model 
were removed. Additionally, removed factors were one by one tested (and added) if they improved 
the subsequent multivariable  model with the p-value <0.1 (in at least one part of the model). 

Supplement 6: Differences with protocol 
The protocol is available at https://www.wwarn.org/tools-resources/subpatent-malaria-study-
group-protocol. In the main multivariable analyses, variables were not removed based on their p-
values, because this would not allow comparison of the effect of variables across time points, level 
of malaria transmission or region. Because of the variability in availability of co-factors, the choice 
was made for a base model and additional factors with limited sample size. This study was restricted 
to microscopic and submicroscopic malaria; RDTs, placental histology and NAAT-test characteristics 
were not evaluated in the current article. To allow assessment of the different categories at the 
same time (microscopic, and submicroscopic malaria versus no infection), a multinomial model was 
used instead of xtlogit. Because of the high observed heterogeneity, prevalence results were also 
summarised as study median and range.  
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Supplemental Results 
Supplement 7: Molecular methods used, proportion of microscopy 
positive/NAAT-negative results and sensitivity of microscopy  
Of the 68 participating studies, quantititative real time PCR was used in 30 studies (44.1%), nested 
PCR in 31 studies (45.6%) and 4 studies used LAMP (5.9%). For the three remaining studies, the 
molecular method was unavailable for one study; one used both methods, and one used LDRFMA 
("polymerase chain reaction /ligase detection reaction-fluorescent microsphere assay", Stanisic et al. 
2015).12 The 18S rRNA gene was most commonly (67·6%) targeted in studies using PCR. 

The proportion of microscopy positive/PCR negative test results ranged from 0-5.9% in pregnancy 
(n=54, mean 1.0%, sd 1.3, median 0.6, IQR 0-1.6%; median of 0 in 11 subgroups in the Americas, 
1.3%, IQR 0.1-2.0% in 11 subgroups in Asia, and 1.0%, IQR 0.2-2.0% in 32 subgroups in Africa; Table 
S9). The pooled sensitivity of microscopy to detect NAAT-positive infections was 36.7% (30.8-42.9, 
I2=97%) during pregnancy, 27.4% (22.6-32.5, I2=91%) for maternal and 26.7% (21.4-32.4, I2=90%) for 
placental blood at delivery.  

Supplement 8: Additional information on fever and malaria 
Gravidity was not associated with fever in the overall model and in America/Asia, but the odds of 
fever were higher among primigravidae in the model for Africa overall (aOR=1.58, 1.12-2.23, 
p=0.0095 compared to gravidae 3+), and in high malaria transmission areas (aOR=2.29, 1.08-2.62, 
p=0.0222), but not in moderate-to-low transmission areas (aOR 1.42, 0.81-2.50, p=0.22). Only in the 
model for Africa overall was an interaction noted between transmission level and gravidity. An age 
<20 years was associated with fever in moderate-to-low transmission areas in Africa as a protective 
factor (aOR=0.38, 0.18-0.78, p=0.0092). Of the variables available for a limited sample size (HIV, 
antimalarial use for treatment or prevention, ITN or bednet use), antimalarial use was associated 
with fever in the overall model (aOR=2.02, 1.48-2.77, p<0.0001, N=8094), and ITN use was a 
protective factor (aOR 0.69, 0.51-0.94, p=0.0166, N=7967). Results for malaria tests at delivery were 
similar to pregnancy (data not shown).  The probability of being febrile decreased with the 
progression of pregnancy but this trend was not malaria specific as it was evident among women 
with microscopic infections, submicroscopic infections and uninfected women (Figure S3); 
gestational age was associated with fever in the overall model (aOR 0.98, 0.97-0.99, p<0.0001), but 
the interaction terms between gestational age and malaria were not significant (p=0.29 and p=0.43 
for interaction term of gestational age with submicroscopic and microscopic malaria, respectively). 

Supplement 9: Additional analyses  
Evaluation of predictors of infection that were restricted to data collected at the first ANC visit only, 
reduced the sample size to about one third (Africa) and a quarter (Americas/Asia) of the full sample. 
There was no data from 1st ANC visits among multigravidae in high transmission areas or the 
Americas (Table S15). Except for the model in moderate transmission areas, it was not possible to 
include PfPR2-10 . Compared to the full model, less factors were associated with malaria infections, 
but that may have been due to the difference in sample size. In both transmission areas in Africa, 
young women (<20 years compared to 30+ years) and primigravidae (compared to gravidae 3+) were 
at risk for microscopic malaria, and young age remained a risk factor for submicroscropic malaria. In 
Asia, microscopic infections were more prevalent among women < 20 years (aOR 2.60, 95% CI 1.37-
4.93) compared to women aged 30+ years. 

Submicroscopic malaria was present throughout pregnancy and this was consistent by region, 
transmission intensity and gravidity (Figure S6). Only in primi- and secundigravidae in high 
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transmission areas in Africa was the proportion of submicroscopic malaria less than microscopic 
malaria; for multigravidae and all gravidities in other transmission levels, submicroscopic infections 
were more common than microscopic among NAAT-positive infections (Figure S6). Among studies 
with follow-up visits, the longest documented period of submicroscopic malaria was 161 days over 
five consecutive visits for a woman in Benin. 

In Africa, compared to using 200+ high power fields before declaring a negative smear, using 100 
power fields was associated with a decreased detection of malaria, whereas the use of 1 reader and 
10% quality control compared to 2+ readers was associated with an increase in the detection of 
microscopic but not submicroscopic malaria (no malaria as reference group, Table S25). In this 
African model, rainy season changed from a significant into a non-significant factor for microscopic 
malaria; the association between other significant factors (age, gravidity and transmission level) 
strengthened or stayed the same. In the Americas and Asia, no effect of quality of slide reading was 
detected on the detection of malaria, and the association between malaria and other factors (age, 
gravidity, transmission) remained similar (Table S25). 

In sensitivity analyses evaluating the quality of blood smear reading, only in moderate-to-low 
transmission areas in Africa an effect was seen, with definition of a negative slide as “no parasites in 
100 high power fields” resulting in lower detection of microscopic malaria (aOR 0.32, 95%CI 0.19-
0.55) compared to a definition of “no parasites in 200+ high power fields” (Table S25). Having 1 
reader and 10% quality control of slides resulted in a higher prevalence of microscopic malaria (aOR 
of 4.31, 2.21-8.41) compared to 2+ readers. Indicators of the quality of blood smear reading were 
not predictive in high transmission areas in Africa or in the Americas/Asia.  

Using a different indicator of transmission level (malaria infection by PCR in the first trimester 
among all gravidae) resulted in different sample size by transmission region in Africa. However,  
overall the same variables remained important as predictors of submicroscopic and microscopic 
malaria (Table S25). In Africa in moderate-to-low transmission areas, the aOR of PfPR2-10 for 
submicroscopic malaria was 0.97, 0.94-0.99 (indicating a 3% decrease in submicroscopic malaria 
with 1% increase in transmission level); the corresponding aOR for the alternative transmission 
indicator was 1.12, 1.04-1.21 (indicating a 12% increase in submicroscopic malaria with a 1% 
increasing transmission level, which seemed high). In the Americas/Asia, the aOR of PfPR2-10 for 
microscopic malaria was 1.00, 0.96-1.04 (p=0.98); the corresponding aOR for the alternative 
transmission level indicator for microscopic malaria was 1.04, 1.01-1.07 (p=0.0130) (Table S25).  

A funnel plot for included studies for submicroscopic malaria infection in pregnancy can be seen in 
Figure S7; The graph looks reasonably symmetrical, suggesting no clear publication bias. The p-value 
for the Egger test was 0.43, suggesting there was no indication of a small study effect.  

Information on existing versus newly diagnosed HIV infection as part of antenatal screening was not 
available to differentiate between women with known HIV infection on antiretroviral therapy and 
prophylaxis with daily cotrimoxazole (which has antimalarial properties)13 with known HIV infection 
versus women with newly diagnosed HIV infections not yet on antiretrovirals and cotrimoxazole. It 
was encouraging to see that treatment with dihydroartemisinin-piperaquine was associated with 
protection from submicroscopic infections at the subsequent visit among the limited sample of 
women from whom information was available at enrolment and follow-up. This indicates that 
effective malaria treatment reduces subsequent risks for submicroscopic malaria. 
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Supplemental Tables 
Table S1: Characteristics of included studies, in order of continent and time period of study  

Study Study 
period 

Country Study 
design 

Timing  
available 

Overall 
Sample 
size 

Number with information on malaria Malaria 
species 
PCR 

Mean age 
(sd) N 

Proportion 
primigravidae 

Proportion 
HIV-infected 

Proportion 
living rural 

ITN (%)* 

    Pregnancy Delivery 
(maternal) 

Delivery 
(placenta) 

    

Americas, individual participant data            
Bardaji 20171 2009-2011 Brazil, 

Colombia, 
Guatemala 

Cohort Enrolment, 
delivery 

5709 899 887 37 Yes 23.5 (6.2) 897 284/898 (31.6) NA NA 408/897 (45.5) † 

Elbadry 20172 2014-2015 Haiti Survey  Enrolment 313 304 NA NA No 27.5 (7.1) 295 27/194 (13.9) NA 313/313 (100.0) 193/296 (65.2) 
Gavina 20183 2014-2017 Colombia Cohort Enrolment, 

follow up, 
delivery 

186 184 179 178 Yes  23.3 (6.6) 185 61/186 (32.8) NA NA 90/170 (52.9) † 

Vasquez 20184 2016-2016 Colombia Survey Enrolment 435 435 NA NA Yes 23.8 (6.0) 435 143/435 (32.9) NA 195/418 (46.7) 316/431 (73.3) † 
Vasquez 20184 2016-2017 Colombia Survey Delivery 329 NA 329 329 Yes 24.7 (5.1) 329 149/329 (45.3) 0/329 (0.0) 160/326 (49.1) 283/327 (86.5) † 
Vasquez 20205 2017-2017 Colombia Survey Enrolment 861 861 NA NA Yes 24.8 (5.5) 861 265/861 (30.8) NA 183/861 (21.3) NA 
Americas, aggregated data             
Parekh 20106 2004-2004 Peru Survey Delivery 193 NA 166 174  Median, IQR: 

22, 14-44, 
n=189 

NR NR NR NR 

Arango 20137 2005-2011 Colombia Survey Delivery 96 NA 95 95  22.8 (6.4) 96 31/90 (34.4) NR NR NR 
Agudelo 20138 2008-2011 Colombia Survey Delivery 129 NA 121 121  21.9 (6.7) 121 NR 48 tested, 0 

positive 
NR 0 

Asia, individual participant data             
Stanisic 20159 2005-2008 PNG Cohort Enrolment 

and 
delivery 

350 350 309 232 Yes 24.9 (5.4) 337 132/350 (37.7) NA 339/347 (97.7) 20/318 (6.3) 

Singh 201510 2007-2008 India Survey Enrolment 2477 2477 NA NA Yes 23.7 (3.6) 
2477 

1131/2477 
(45.7) 

0/682 (0.0) 1013/2477 
(40.9) 

7/2477 (0.3) 

Singh 201510 2007-2008 India Survey Delivery 948 NA NA 948 Yes 24.3 (3.9) 948 471/948 (49.7) 0/266 (0.0) 353/948 (37.2) 3/948 (0.3) 
Bardaji 20171 2009-2011 India, PNG Cohort Enrolment, 

delivery 
3679 551 579 193 Yes 24.1 (4.6) 547 262/551 (47.5) NA NA 123/456 (27.0) † 

Unger 201511 2010-2013 PNG Trial Enrolment, 
follow up, 
delivery 

2242 2219 2005 1344 Yes 24.6 (5.5) 
2242 

1097/2238 
(49.0) 

NA 1393/2123 
(65.6) 

1701/2234 (76.1) 
† 

Pava 201612 2013-2013 Indonesia Survey Enrolment 45 44 NA NA Yes 28.6 (7.0) 45 NA NA NA 16/45 (35.6) † 
Ahmed 201913 2013-2016 Indonesia Trial Enrolment, 

delivery 
2279 2071 1853 1763 Yes 26.8 (6.1) 

2219 
632/2279 
(27.7) 

0/2279 (0.0) 1713/2279 
(75.2) 

865/2279 (38.0) † 

Asia, aggregated data              
Ahmed 201414 
Abstract 

2008-2009 Indonesia Survey Pregnancy 4230 2598 NA NA  NR NR NR NR NR 

Ahmed 201515 2012-2012 Indonesia Survey Delivery 950 NA 934 NA  28.8 (6.2) 950 17.8 (169/950) NR 100% rural 265/950 (27.9) 
Africa, individual participant data             
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Study Study 
period 

Country Study 
design 

Timing  
available 

Overall 
Sample 
size 

Number with information on malaria Malaria 
species 
PCR 

Mean age 
(sd) N 

Proportion 
primigravidae 

Proportion 
HIV-infected 

Proportion 
living rural 

ITN (%)* 

    Pregnancy Delivery 
(maternal) 

Delivery 
(placenta) 

    

Walker-Abbey 
200516 

1995-1998 Cameroon Survey Delivery 303 NA 302 198 Yes 25.7 (5.8) 297 72/296 (24.3) NA 0/303 (0.0) NA 

Mockenhaupt 
200017 

1998-1998 Ghana Survey Enrolment 528 528 NA NA Yes 26.6 (6.3) 521 129/528 (24.4) NA 194/528 (36.7) NA 

Mockenhaupt 
200218 

2000-2000 Ghana Survey Delivery 893 NA 889 887 Yes 26.3 (6.3) 875 318/882 (36.1) NA 466/891 (52.3) NA 

Malhotra 200919 2000-2003 Kenya Survey  Delivery 706 NA 629 583 Only for 
Pf 

25.8 (6.2) 517 192/702 (27.4) NA 706/706 (100.0) NA 

Leke 201020 2001-2005 Cameroon Cohort Enrolment, 
follow up, 
delivery 

120 56 48 NA Only for 
Pf 

25.0 (6.7) 119 26/120 (21.7) NA 120/120 (100.0) 0/59 

Adegnika 200621 2003-2004 Gabon Survey Delivery 145 NA 130 81 Only for 
Pf 

24.4 (6.5) 145 35/145 (24.1) NA NA 95/145 (65.5) † 

Menendez 200822 2003-2005 Mozambique Trial Delivery 1030 NA 605 443 Only for 
Pf 

24.2 (6.6) 
1030 

266/1030 
(25.8) 

208/870 (23.9) 1030/1030 
(100.0) 

NA 

Luntamo 201223 2003-2006 Malawi Trial Delivery 1190 NA 453 NA Only for 
Pf 

25.0 (6.4) 
1190 

267/1190 
(22.4) 

144/1075 (13.4) 1190/1190 
(100.0) 

877/1190 (73.7) 

Landis 200924 2005-2006 DRC Cohort Delivery 164 NA 124 NA Yes, 
only Pf 
detected 

27.5 (5.3) 164 43/164 (26.2) 4/164 (2.4) 0/164 (0.0) NA 

Dobano 201825 2005-2007 Mozambique Survey  Delivery 240 NA 238 NA Only for 
Pf 

NA 60/217 (27.6) 0/240 (0.0) NA 26/240 (10.8) 

Cottrell 201526 2008-2010 Benin Cohort Enrolment 
and 
delivery 

997 993 651 544 Only for 
Pf 

26.3 (6.1) 984 185/997 (18.6) 14/851 (1.6) 552/997 (55.4) NA 

Oduwole 201127 2009-2009 Nigeria Survey Delivery 204 NA 202 203 Only Pf 27.5 (4.8) 204 68/204 (33.3) NA NA 40/204 (19.6) 
Cohee 201428 2009-2010 Malawi Cohort Enrolment 

and 
delivery 

447 438 289 305 Only for 
Pf 

20.1 (3.2) 447 282/447 (63.1) 0/447 (0.0) NA 224/445 (50.3) † 

Natureeba 201429 2009-2013 Uganda Trial Delivery 389 NA NA 301 No 29.3 (5.4) 388 24/389 (6.2) 389/389 (100.0) NA 147/387 (38.0) 
Patel 201630 2010-2011 Malawi Survey Delivery 1142 NA 1103 1118 No 24.2 (5.5) 

1142 
349/1142 
(30.6) 

0/1141 (0.0) 980/1142 (85.8) 761/1142 (66.6) 

Kattenberg 201231 2010-2011 Burkina 
Faso 

Survey Enrolment 418 380 NA NA Only for 
Pf 

25.6 (5.1) 61 NA NA NA NA 

Gonzalez 201432 2010-2012 Benin, 
Gabon, 
Mozambique 

Trial Delivery 946 NA 943 938 Only for 
Pf 

24.3 (6.3) 946 292/946 (30.9) 0/946 (0.0) NA NA 

Gonzalez 2014 
HIV+33 

2010-2012 Kenya, 
Mozambique 

Trial Delivery 768 NA 765 764 Only for 
Pf 

26.7 (5.7) 768 94/768 (12.2) 768/768 (100.0) NA NA 

Denoeud-Ndam 
201334 

2010-2012 Benin Trial Enrolment 
and 
delivery 

417 394 291 300 Only for 
Pf 

29.2 (4.7) 416 47/417 (11.3) 417/417 (100.0) 0/417 (0.0) 262/407 (64.4) † 

Williams 201635 2010-2012 Burkina 
Faso, The 
Gambia, 
Mali 

Trial Enrolment 4048 1861 NA NA Yes 20.0 (3.1) 
4048 

2199/4026 
(54.6) 

0/4048 (0.0) NA 2610/3968 (65.8) 
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Study Study 
period 

Country Study 
design 

Timing  
available 

Overall 
Sample 
size 

Number with information on malaria Malaria 
species 
PCR 

Mean age 
(sd) N 

Proportion 
primigravidae 

Proportion 
HIV-infected 

Proportion 
living rural 

ITN (%)* 

    Pregnancy Delivery 
(maternal) 

Delivery 
(placenta) 

    

Williams 2016 
Ghana35 

2010-2012 Ghana Trial Enrolment, 
follow up, 
delivery 

1306 1258 897 NA Yes 21.6 (3.7) 
1306 

727/1303 
(55.8) 

0/1306 (0.0) NA 489/1305 (37.5) 

Mahamar 202136 2010-2015 Mali Cohort Enrolment, 
follow up, 
delivery 

1885 1851 1808 1776 No 24.1 (6.2) 
1885 

444/1885 
(23.6) 

NA NA 960/1878 (51.1) 

Arinaitwe 201337 2011-2011 Uganda Survey  Delivery 565 NA NA 565 No 24.6 (6.1) 565 183/565 (32.4) 0/565 (0.0) 565/565 (100.0) 437/565 (77.4) 
Daud 201438 2011-2012 Kenya Cohort Enrolment, 

follow up, 
delivery 

111 111 108 NA Only for 
Pf 

22.4 (6.0) 111 NA 16/111 (14.4) NA NA 

Madanitsa 201639 2011-2013 Malawi Trial Enrolment, 
follow up, 
delivery 

1844 1788 1541 1490 Only for 
Pf 

22.5 (5.1) 
1843 

627/1844 
(34.0) 

0/1844 (0.0) 1829/1833 
(99.8) 

350/1843 (19.0) 

Nkhoma 201740 2011-2013 Malawi Trial Enrolment 1341 1341 NA NA Only for 
Pf 

24.7 (6.1) 
1324 

297/1338 
(22.2) 

178/1286 (13.8) NA NA 

Mosha 201441 2012-2012 Tanzania Survey Delivery 349 NA NA 348 Only for 
Pf 

25.2 (6.9) 349 130/349 (37.2) 12/342 (3.5) NA 330/349 (94.6) 

Ntoumi 201642 
(Francine 2016) 

2012-2013 Congo B Survey Enrolment 363 363 NA NA Only for 
Pf 

24.7 (6.4) 363 95/355 (26.8) NA NA NA 

Desai 201543 2012-2014 Kenya Trial Enrolment, 
follow up, 
delivery 

1543 1429 1267 1231 Only for 
Pf 

23.4 (5.8) 
1543 

514/1543 
(33.3) 

0/1543 (0.0) NA 1102/1543 (71.4) 
† 

Chaponda 201544 2012-2014 Zambia Cohort Enrolment 1085 1074 NA NA Only for 
Pf 

25.6 (6.3) 
1085 

261/1085 
(24.1) 

143/1084 (13.2) 1085/1085 
(100.0) 

534/1085 (49.2) † 

Braun 201545 2013-2013 Uganda Survey  Delivery 765 NA 743 NA Yes 25.5 (5.7) 765 231/762 (30.3) 92/765 (12.0) NA 583/709 (82.2) † 
Arnaldo 201846 2014-2015 Mozambique Survey  Delivery 918 NA 918 NA Only Pf 23.1 (6.2) 918 398/918 (43.4) 0/918 (0.0) NA 847/918 (92.3) 
Kakuru 201647 2014-2015 Uganda Trial Enrolment 

and 
delivery 

300 299 288 280 No 21.6 (4.0) 300 111/300 (37.0) 1/300 (0.3) NA 261/300 (87.0) 

Mbouamboua 
201948 

2014-2015 Congo B Survey  Delivery 371 NA 370 370 Only for 
Pf 

25.9 (6.4) 371 81/371 (21.8) NA NA 240/371 (64.7) 

Accrombessi 
201849 

2014-2016 Benin Cohort Enrolment, 
follow up, 
delivery 

393 367 233 221 Only for 
Pf 

26.7 (5.1) 393 32/393 (8.1) 6/341 (1.8) NA 373/380 (98.2) † 

Briggs 201950 2016-2017 Uganda Trial Enrolment, 
follow up, 
delivery 

782 782 NA 640 Only for 
Pf  

23.8 (5.7) 782 195/782 (24.9) 0/782 (0.0) NA 111/782 (14.2) 

Africa, aggregated data              
Singer 200451 2001-2001 Burkina 

Faso 
Survey Delivery 1316 NA 463 460  NR NR NR NR NR 

Perrault 200952 2002-2008 Kenya Survey Delivery 157 NA 157 157  30.1% < 20 
years 

43.9 (69/157) 24.8 (39/157) 65/157 rural NR 

Adam 200553 2003-2004 Sudan Survey Pregnancy 142 142 NA NA  25.9 (5.4) 124 35.2 (44/125) NR NR NR 
Bouyou-Akotet 
201054 

2005-2006 Gabon Survey Delivery 378 NA 185 NA  23 (5) 185 80.5 (149/185) NR NR NR 

Kapito-Tembo 
2010 Thesis55 

2005-2009 Malawi Survey Pregnancy 1128 1101 NA NA  Median 27  6.2 (70/1121) 100% Rural 100% 653/1092 (59.8) 
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Study Study 
period 

Country Study 
design 

Timing  
available 

Overall 
Sample 
size 

Number with information on malaria Malaria 
species 
PCR 

Mean age 
(sd) N 

Proportion 
primigravidae 

Proportion 
HIV-infected 

Proportion 
living rural 

ITN (%)* 

    Pregnancy Delivery 
(maternal) 

Delivery 
(placenta) 

    

Newman 200956 
HIV+ 

2008-2009 Uganda Survey Delivery 150 NA NA 150  Median, IQR: 
23, 19-29, 
n=161 

19.3 (31/161) 100 NR NR 

Newman 200956 
HIV- 

2008-2009 Uganda Survey Delivery 336 NA NA 336  Median, IQR: 
28, 23-33, 
n=356 

37.6 (134/356) 0 NR NR 

Nwaefuna 201557 2009-2009 Ghana Cohort Pregnancy 872 870 NA NA  32.9 (5.0) 872 29.4 (257/872) NR NR NR 
Elbashir 201158 2010-2010 Sudan Survey Delivery 107 NA NA 107  26.4 (6.9) 107 28.0 (30/107) NR NR NR 
Kyabayinze 
201659 

2010-2012 Burkina 
Faso 

Cohort Delivery 555 NA 554 NA  Median, IQR: 
24, 20-29, 
n=650 

26.2 (170/650) 0 Periurban NR 

Kashif 201360 2011-2011 Sudan Survey Delivery 150 NA NA 150  26.0 (6.0) 150 Parity 1.6 (1.7) 
150 

NR NR NR 

Kyabayinze 
201659 

2011-2012 Uganda Cohort Delivery 297 NA 294 NA  Median, IQR: 
23, 20-27, 
n=340 

33.8 (115/340) 0 NR NR 

Matangila 201461 2012-2012 DRC Survey Pregnancy 166 166 NA NA  Median, IQR: 
27, 22-33, 
n=166 

26.0 (86/332) 3.9% in 
Kinshasa, no 
individual results 

Semi-rural  143/332 (43.1) 

Lamptey 201862 2013-2014 Ghana Cohort Pregnancy 126 126 NA NA  Median, IQR: 
24, 20-28, 
n=125 

NR NR NR 98/125 (78.4) † 

Fadlelseed 201763 2014-2014 Sudan Survey Delivery 153 NA 153 153  25.7 (6.5) 153 45.8 (70/153) NR Rural 75.2 
(115/153) 

56/153 (36.6) † 

Ruh 201864 2014-2014 DRC Survey Delivery 250 NA 250 NA  27.2 (6.5) 250 40.0 (100/250) NR NR NR 
Natureeba 201765 2014-2015 Uganda Trial Delivery 200 NA 197 197  29.3 (5.4) 389 6.2 (24/389) 100 NR 147/389 (37.8) 
Quakyi 201966 2015-2017 Ghana Survey Pregnancy  987 987 NA NA  27.3 (5.9) 987 25.2 (249/987) 0 Urban and 

periurban 
421/987 (42.7) † 

Quakyi 201966 2015-2017 Ghana Survey Delivery 935 NA 935 935  27.7 (5.5) 935 21.0 (196/935) 0 Urban and 
periurban 

627/935 (67.1) † 

Samuels 201967 
Abstract 

2018-2018 Kenya Survey Pregnancy 483 483 NA NA  NR NR NR NR NR 

Tadesse 202068 2018-2019 Ethiopia Cohort Pregnancy 149 149 NA NA  NR NR NR NR 26/149 (17.4) 
NA: Not available. NR, not reported.  
Only for Pf: NAAT only for Pf detection. Only Pf: NAAT species detection not specified, but only Pf infections reported 
*ITN use reported at enrolment in pregnancy for surveys or cohorts in pregnancy, or at enrolment for surveys at delivery; use during pregnancy or use in the last night 
† Any net, not clear if ITN or not  
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Table S2: Description of malaria treatments, IPTp and study arms of trials in IPD studies (by continent and year of study) 

Study Country Study period Study design 

Timing of 
prevalence 
subpatency 
available 

Sample 
size 

Treatment 
arms 

Reported IPT in pregnancy or 
antimalarial use other than SP in 
pregnancy or at delivery (%) if 
available 

Reported 
IPTp at 
delivery (%) 
any dose 

Reported 
IPTp at 
delivery 
(%), 2+ 
doses 

Reference used for SP-resistance 
markers (Ala437Gly and 
Lys540Glu) 

Americas, individual participant data   

Bardaji 20171 
Brazil, Colombia, 
Guatemala 2009-2011 Cohort 

Enrolment and 
delivery 9388 NA 

Antimalarial use: 
Enrolment: 24/8429 (0.3) 
Delivery: 90/3816 (2.4)  
Drugs not specified 

No IPTp 
policy  NA 

Elbadry 20172 Haiti 2014-2015 
Survey 
pregnancy Enrolment 313 NA 

Antimalarial use 49/246 (19.9), 
drugs not specified 

No IPTp 
policy  NA 

Gavina 20183 Colombia 2014-2017 Cohort 
Enrolment and 
delivery 186 NA 

Antimalarial use 111/117 (94.9), 
drugs not specified 

No IPTp 
policy  NA 

Vasquez 20184 Colombia 2016-2016 Survey  Pregnancy 435 NA 
Antimalarial use 
13/408 (3.2) drugs not specified 

No IPTp 
policy  NA 

Vasquez 20184 Colombia 2016-2017 Survey  Delivery 329 NA 
Antimalarial use 
12/316 (3.8) drugs not specified 

No IPTp 
policy  NA 

Vasquez 20205 Colombia 2017-2017 Survey Pregnancy 861 NA 
Antimalarial use 
0/861 (0.0) in past 48 hours 

No IPTp 
policy  NA 

Asia, individual participant data   

Stanisic 20159 PNG 2005-2008 Cohort 
Enrolment and 
delivery 350 NA 

Antimalarial use 
35/347 (10.1) enrolment 
320/340 (94.1) delivery, drugs not 
specified 

No IPTp 
policy  NA 

Singh 201510 India 2007-2008 Survey Pregnancy 2477 NA 
Antimalarial use 
3/101 (3.0) CQ (2) PQ (1) 

No IPTp 
policy  NA 

Singh 201510 India 2007-2008 Survey Delivery 948 NA 
Antimalarial use 
2/948 (0.2) 

No IPTp 
policy  NA 

Bardaji 20171 
India, Papua New 
Guinea 2009-2011 Cohort 

Enrolment and 
delivery 9388 NA 

Antimalarial use 
Enrolment: 24/8429 (0.3) 
Delivery: 90/3816 (2.4) 

No IPTp 
policy  NA 

Unger 201511 PNG 2010-2013 Trial 
Enrolment and 
delivery 2242 

SP CQ once 
IPT SP AZ 
monthly 

Antimalarial use 
246/2187 (11.3) enrolment 

2236/2242 
(99.7) 

1071/2242 
(47.8) NA 

Pava 201612 Indonesia 2013-2013 Survey Pregnancy 45 NA NR 
No IPTp 
policy  NA 

Ahmed 201913 Indonesia 2013-2016 Trial 
Enrolment and 
delivery 2279 

IPT DP 3+  
IST DP 3+ 
ST 1x, DP NR  

591/681 in 
DP3+ arm 
(86.8) got 
IPT-DP 2+ NA 

Africa, individual participant data   

Walker-Abbey 200516 Cameroon 1995-1998 Survey Delivery 303 NA NR 
No IPTp 
policy  NA 

Mockenhaupt 200017 Ghana 1998-1998 Survey  Pregnancy 528 NA 

Antimalarial use 341/528 (64.6)  
CQ 73.3%, CQ+PYR 17.6%, PYR 
9.1% 

No IPTp 
policy  NA 

Mockenhaupt 200218 Ghana 2000-2000 Survey Delivery 893 NA Antimalarial use 783/869 (90.1)  
No IPTp 
policy  NA 
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Study Country Study period Study design 

Timing of 
prevalence 
subpatency 
available 

Sample 
size 

Treatment 
arms 

Reported IPT in pregnancy or 
antimalarial use other than SP in 
pregnancy or at delivery (%) if 
available 

Reported 
IPTp at 
delivery (%) 
any dose 

Reported 
IPTp at 
delivery 
(%), 2+ 
doses 

Reference used for SP-resistance 
markers (Ala437Gly and 
Lys540Glu) 

CQ 13.8%, CQ+PYR 49.6%, PYR 
36.7% 

Malhotra 200919 Kenya 2000-2003 Survey  Delivery 706 NA 

Antimalarial use 78/358 (21.8); 
with information 
AQ 12, Q 1, SP 17  

No IPTp 
policy  NA 

Leke 201020 Cameroon 2001-2005 Cohort 
Pregnancy and 
delivery 120 NA 

Antimalarial use 26/61 (42.6) 
enrolment, during pregnancy (CQ) 
53/91 (58.2), delivery CQ 71.2%, Q 
5.8%, 13 NR No IPT policy  Chauvin 201569 

Adegnika 200621 Gabon 2003-2004 Survey Delivery 145 NA 

Antimalarial use 143/145 (98.6), 
CQ (92.3); CQ with AQ (2.8%); 
CQ with Q (4.9%) 0/145 (0.0)  No IPTp adopted at time of study 

Menendez 200822 Mozambique 2003-2005 Trial Delivery 1042 

IPT SP 2 
IPT placebo 2 
(100% ITN 
coverage in 
both arms)  

520/1042 
(49.9) 

520/1042 
(49.9) Enosse 200870  

Luntamo 201323 Malawi 2003-2006 Trial Delivery 1190 

IPT SP 2 
IPT SP 
monthly 
IPT SP 
monthly & 2 
doses AZ  

1190/1190 
(100) 

1179/1190 
(99.1) Gutman 201571 

Landis 200924 DRC 2005-2006 Cohort Delivery 164 NA  
163/164 
(99.4)  

149/164 
(90.9) Mita 201172 

Dobano 201825 Mozambique 2005-2007 Survey delivery Delivery 240 NA  NA  Enosse 200870 

Cottrell 201526 Benin 2008-2010 Cohort 
Enrolment and 
delivery 997 NA  

944/997 
(94.7) 

853/997 
(85.6) Moussilliou 201373 

Oduwole 201127 Nigeria 2009-2009 Survey Delivery 204 NA 
Antimalarial use 
70/204 (34.3) ACT 91%, CQ 9% 

114/204 
(55.9)  Esu 201874 

Cohee 201428 Malawi 2009-2010 Cohort 
Enrolment and 
delivery 447 NA 

Antimalarial use at enrolment 
61/445 (13.7) 

426/447 
(95.3) 

382/447 
(85.5) Artimovich 201575 

Natureeba 201429 Uganda 2009-2013 Trial Delivery 389 
EFV 
LPV-r 377/377 (100) CTX 0/377 (0.0)  Tumwebaze 201776 

Kattenberg 201231 Burkina Faso 2010-2011 Survey  Pregnancy 418 NA  NA  Tahita 201577 

Patel 201630 Malawi 2010-2011 Survey Delivery 1142 NA 
155/1142 (13.6) ACT 78.7%, CTX 
9.7%, Q 5.8%, combinations 5.8% 

1118/1141 
(98.0) 

959/1141 
(84.0) Artimovich 201575 

Denoeud-Ndam 201334 Benin 2010-2012 Trial 
Enrolment and 
delivery 417 

CTX daily 
CTX daily & 
IPT MQ 2+ 
IPT MQ 2+ 

Antimalarial use at enrolment: 
44/410 (10.7) 
At delivery: 417/417 (100) 

208/417 
(49.9)  Moussilliou 201373 

Gonzalez 201432 
Benin, Gabon, 
Mozambique 2010-2012 Trial Delivery 946 

IPT SP 2 
IPT MQ 2  946/946 (100) 

946/946 
(100) 

Benin: Moussilliou 201373 
Gabon: Guerra 201778 
Mozambique: Gupta 201879 
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Study Country Study period Study design 

Timing of 
prevalence 
subpatency 
available 

Sample 
size 

Treatment 
arms 

Reported IPT in pregnancy or 
antimalarial use other than SP in 
pregnancy or at delivery (%) if 
available 

Reported 
IPTp at 
delivery (%) 
any dose 

Reported 
IPTp at 
delivery 
(%), 2+ 
doses 

Reference used for SP-resistance 
markers (Ala437Gly and 
Lys540Glu) 

Gonzalez 201433 HIV+ 
Kenya, 
Mozambique 2010-2012 Trial Delivery 768 

IPT MQ 3 & 
daily CTX 
IPT placebo 3 
& daily CTX 768/768 (100) CTX 

380/768 
(49.5) 

3 doses: 
380/380 
(100) 

Kenya: Lucchi 201580 
Mozambique: Gupta 201879 

Williams 201635 
Burkina Faso, The 
Gambia, Mali 2010-2012 Trial Enrolment 4048 IPT SP 2 

IST SP 2 
IST AQ-AS 2 

 
2025/4048 
(50.0) 

1842/2025 
(91.0) 

Burkina Faso: Tahita 201577 
The Gambia: Ndiaye 201381 
Mali: Desai 201682 

Williams 201635 Ghana Ghana 2010-2012 Trial 
Enrolment and 
delivery 1306  

653/1306 
(50.0) 

579/1306 
(44.3) Tahita 201577 

Mahamar 202136 Mali 2010-2015 Cohort 
Enrolment and 
delivery 1885 NA 

820/1884 (43.5) 
64 Q, 756 ACT   

1786/1884 
(94.8%) 

1358/1884 
(72.1%) Diawara 201783 

Arinaitwe 201337 Uganda 2011-2011 Survey  Delivery 565 NA  
533/565 
(94.3) 

330/565 
(58.4%) Desai 201682 

Daud 201438 Kenya 2011-2012 Cohort 
Enrolment and 
delivery 111 NA    Lucchi 201580 

Madanitsa 201639 Malawi 2011-2013 Trial 
Enrolment and 
delivery 1844 

IPT SP 3+ 
IST DP 3+  

921/1844 
(50.0) 

886/1844 
(48.0) Artimovich 201575 

Nkhoma 201740 Malawi 2011-2013 Trial Enrolment 1341 NA NR NA  Gutman 201571 

Mosha 201441 Tanzania 2012-2012 Survey Delivery 349 NA 68/349 (19.5) 
318/349 
(91.1) 

181/349 
(51.9) Baraka 201584 

Ntoumi 201642 (Francine 
2016) Congo B 2012-2013 Survey Pregnancy 363 NA 

135/363 (37.2%) IPT-SP before 
enrolment 
SP 2+: 76/363 (20.9%) NA  Nkoli Mandoko 201885 

Desai 201543 Kenya 2012-2014 Trial 
Enrolment and 
delivery 1543 

IPT SP 3+ 
IPT DP 3+ 
IST DP 3+  

1029/1543 
(66.7) 

942/1543 
(61.0) Lucchi 201580 

Braun 201545 Uganda 2013-2013 Survey  Delivery 765 NA 168/720 (23.3) drug unknown 
605/725 
(83.5) 

No info on 
SP2+ Baraka 201786 

Chaponda 201544 Zambia 2012-2014 Cohort Enrolment 1085 NA  
722/728 
(99.2) 

598/728 
(82.1) Desai 201682 

Kakuru 201647 Uganda 2014-2015 Trial 
Enrolment and 
delivery 300 

IPT SP 3 
IPT DP 3 
IPT DP 
monthly  300/300 (100) 291/300 (97) Conrad 201787 

Arnaldo 201846 Mozambique 2014-2015 Survey  Delivery 918 NA  
855/918 
(93.1)  

No info on 
SP2+ Gupta 201879 

Mbouamboua 201948 Congo B 2014-2015 Survey  Delivery 371 NA  
311/371 
(83.8)  Nkoli Mandoko 201885 

Accrombessi 201849 Benin 2014-2016 Cohort 
Enrolment and 
delivery 393 NA  

251/260 
(96.5) 

199/260 
(76.5) Huijben 202088 

Briggs 201950 Uganda 2016-2017 Trial Enrolment 782 
IPT DP 3+ 
IPT SP 3+  

731/782 
(93.5)  

709/782 
(90.7) Conrad 201787 

AZ, azithromycin. ACT, artemisinin-based combination therapy. AQ, amodiaquine. AS, artesunate. CQ, chloroquine. CTX, cotrimoxazole. DP, dihydroartemisinin–piperaquine. EFV, efavirenz-based antiretroviral therapy. LPV-r, 
lopinavir/ritonavir-based antiretroviral therapy. NA, not applicable or available. IPT, intermittent preventive treatment. IPTp, intermittent preventive treatment in pregnancy. IST, intermittent screening and treatment. MQ, mefloquine. PYR, 
pyrimethamine. PQ, primaquine. SP, sulfadoxine-pyrimethamine.  ST: screen and treat. 
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Table S3: Risk of bias assessment of included IPD studies 
Study  Country/ 

countries 
Location(s) Design Timing Location of 

enrolment 
Repre-
sentative 

Inclusion 
criteria 

Availability 
potential 
confounders 

Availability 
co-variates 

Ascertainment 
malaria test 

Attrition 
malaria 
test 

Total Final 

Accrombessi 201849 Benin Soava and Akassato districts Cohort Both Community 1 1 1 0 1 0 4 Moderate-to-low 
Adegnika 200621 Gabon Lambarene Survey Delivery Maternity 0 1 0 1 1 1 4 Moderate-to-low 
Ahmed 201913 Indonesia Sumba/Timika Trial Both ANC 1 0 1 1 1 1 5 High 
Arinaitwe 201337 Uganda Tororo Survey Delivery Maternity 0 0 1 1 0 1 3 Moderate-to-low 
Arnaldo 201846 Mozambique Chokwe district Survey Delivery Maternity 0 0 1 0 1 1 3 Moderate-to-low 
Bardaji 20171 India, 

Guatamala, 
Papua New 
Guinea, 
Brazil, 
Colombia 

Bikaner, Fray Bartolome de las 
Casas, Madang, Manaus, Tieralta 

Cohort Pregnancy ANC 1 1 0 1 1 0 4 Moderate-to-low 

Braun 201545 Uganda Fort Portal Survey Delivery Maternity 0 1 1 1 1 1 5 High 
Briggs 201950 Uganda Busia Trial Both ANC 1 0 1 1 1 1 5 High 
Chico 201789 Zambia Nchelenge (two health centers) Cohort Pregnancy ANC 1 0 1 0 1 1 4 Moderate-to-low 
Cohee 201428 Malawi Blantyre   Cohort Both ANC 1 0 1 1 1 0 4 Moderate-to-low 
Cottrell 201526 Benin Come district Akodeha, Come 

Central, Ouedeme-Pedah 
Cohort Both ANC 1 1 1 0 1 0 4 Moderate-to-low 

Daud 210438 Kenya Chulaimbo Cohort Both ANC 1 0 1 0 0 1 3 Moderate-to-low 
Denoeud-Ndam 
201334 

Benin Cotonou/Porto novo Trial Both ANC 1 0 1 1 1 0 4 Moderate-to-low 

Desai 201543 Kenya Bondo/Lwak/Madiany/Siaya Trial Both ANC 1 0 1 1 1 1 5 High 
Dobano 201825 Mozambique Manhica Survey Delivery ANC 1 0 1 0 1 1 4 Moderate-to-low 
Elbadry 20172 Haiti 6 districts Survey Pregnancy Community 1 0 1 1 1 1 5 High 
Mahamar 202136 Mali Ouelessebougou Cohort Both ANC 1 0 1 1 0 1 4 Moderate-to-low 
Gavina 20183 Colombia Puerto Libertador Cohort Both ANC 1 1 0 1 1 1 5 High 
Gonzalez 201432 HIV- Benin Allada, Sekou, Attogon Trial Delivery ANC 1 0 1 1 1 1 5 High 
Gonzalez 201433 HIV+ Mozambique Manhica, Maragra Trial Delivery ANC 1 0 1 1 1 1 5 High 
Kakuru 201647 Uganda Tororo Trial Both ANC 1 0 1 1 1 1 5 High 
Kattenberg 201231 Burkina Faso Nanoro Survey Pregnancy ANC 1 1 0 0 1 0 3 Moderate-to-low 
Landis 200924 DRC Kinshasa (Binza Maternity hospital) Cohort Both ANC 1 1 1 0 1 0 4 Moderate-to-low 
Leke 201020 Cameroon Ngali II Cohort Both ANC 1 1 1 1 1 0 5 High 
Luntamo 201223 Malawi Mangochi district (Lungwena HC) Trial Delivery ANC 1 1 1 0 1 0 4 Moderate-to-low 
Madanitsa 201639 Malawi Chikwawa/Madziabango/Mpemba Trial Both ANC 1 0 1 1 1 1 5 High 
Malhotra 200919 Kenya Kwale Survey Delivery Maternity 0 0 0 0 1 1 2 Moderate-to-low 
Mbouamboua 201948 Congo B Madibou Survey Delivery Maternity 0 0 0 0 1 1 2 Moderate-to-low 
Menendez 200822 Mozambique Manhica district Trial Both ANC 1 1 1 0 1 0 4 Moderate-to-low 
Mockenhaupt 200017 Ghana Agogo Survey Pregnancy ANC 1 1 0 0 1 1 4 Moderate-to-low 
Mockenhaupt 200218 Ghana Agogo Survey Delivery Maternity 0 1 0 0 1 1 3 Moderate-to-low 
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Study  Country/ 
countries 

Location(s) Design Timing Location of 
enrolment 

Repre-
sentative 

Inclusion 
criteria 

Availability 
potential 
confounders 

Availability 
co-variates 

Ascertainment 
malaria test 

Attrition 
malaria 
test 

Total Final 

Mosha 201441 Tanzania Moshi/Rufiji Survey Delivery Maternity 0 1 1 1 1 1 5 High 
Natureeba 201429 Uganda Tororo Trial Delivery ANC 1 0 1 1 1 0 4 Moderate-to-low 
Nkhoma 201740 Malawi 4 facilities in Mangochi district Trial Both ANC 1 1 1 1 1 1 6 High 
Ntoumi 201642 
(Francine 2016) 

Congo B Madibou Survey Pregnancy ANC 1 0 0 1 1 1 4 Moderate-to-low 

Oduwole 201127 Nigeria Calabar Survey Delivery Maternity 0 1 0 1 0 1 3 Moderate-to-low 
Patel 201630 Malawi Blantyre, Madziabango, Mpemba Survey Delivery Maternity 0 0 1 1 1 1 4 Moderate-to-low 
Pava 201612 Indonesia Timika Survey Pregnancy Community 1 1 0 1 1 1 5 High 
Singh 201510 India Bastar district, Rajnandgaon district Survey Pregnancy ANC 1 1 1 1 1 1 6 High 
Singh 201510 India Bastar district, Rajnandgaon district Survey Delivery Maternity 0 1 1 1 1 1 5 High 
Stanisic 20159 PNG Alexishafen Cohort Both ANC 1 0 1 1 0 1 4 Moderate-to-low 
Unger 201511 PNG Alexishafen, Madang, Mugil, 

Yagaum 
Trial Both ANC 1 0 1 1 1 1 5 High 

Vasquez 20184 Colombia Apartado/Turbo/El Bagre Survey Pregnancy ANC 1 0 1 1 1 1 5 High 
Vasquez 20184 Colombia Apartado/Turbo/El Bagre Maternity Delivery Maternity 0 0 1 1 1 1 4 Moderate-to-low 
Vasquez 20205 Colombia Quibdo/Tumaco Survey Pregnancy ANC 1 0 1 0 1 1 4 Moderate-to-low 
Walker-Abbey 200516 Cameroon Yaounde (Central Hospital and 

Biyem Assi Hospital) 
Survey Delivery Maternity 0 1 0 0 1 1 3 Moderate-to-low 

Williams 201635 Mali, Burkina 
Faso, 
Gambia, 
Ghana 

Bamako/Basse/Kita/San 
Ziniare/Navrongo 

Trial Pregnancy ANC 1 0 1 1 1 0 4 Moderate-to-low 
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Table S4: Risk of bias assessment of included aggregated data studies 

Study Country Location(s) Design Timing 
Location of 
enrolment 

Repre-
sentative 

Inclusion 
criteria 

Availability 
potential 
confounders 

Availability 
co-variates 

Ascertain
ment 
malaria 
tests 

Attritio
n 
malaria 
tests Total Final  

Adam 200553 Sudan New Halfa Survey Pregnancy ANC 1 1 0 0 0 1 3 Moderate-to-low 
Agudelo 20138 Colombia Turbo, Puerto Libertador Survey Delivery Maternity 0 1 0 0 1 1 3 Moderate-to-low 
Ahmed 201414 Indonesia Jayapura and South-West Sumba Survey Pregnancy ANC 1 0 0 0 1 1 3 Moderate-to-low 
Ahmed 201414 Indonesia Jayapura and South-West Sumba Survey Delivery Maternity 0 0 0 0 1 1 2 Moderate-to-low 
Ahmed 201515 Indonesia Sumba, southwest Survey Pregnancy ANC 1 1 1 1 1 1 6 High 
Arango 20137 Colombia Turbo, Puerto Libertador Survey Delivery Maternity 0 1 0 1 1 1 4 Moderate-to-low  
Bouyou-Akotet 201054 Gabon Libreville Survey Delivery Maternity 0 0 0 0 1 1 2 Moderate-to-low 
Elbashir 201158 Sudan Medani Survey Delivery Maternity 0 1 0 0 1 1 3 Moderate-to-low 
Fadlelseed 201763 Sudan New Halfa Survey Delivery Maternity 0 0 1 1 1 1 4 Moderate-to-low 
Kapito-Tembo 201055  Malawi Thyolo Survey Pregnancy ANC 1 0 1 1 1 1 5 High 
Kashif 201360 Sudan Gadarif Survey Delivery Maternity 0 1 0 0 1 1 3 Moderate-to-low 
Kyabayinze 201659 Burkina Faso Colsama Cohort Delivery ANC 1 1 1 1 1 1 6 High 
Kyabayinze 201659 Uganda Tororo Cohort Delivery ANC 1 1 1 1 1 0 5 Moderate-to-low 
Lamptey 201862 Ghana Asutsuare Cohort Pregnancy ANC 1 0 0 0 0 0 1 Moderate-to-low 
Matangila 201461 DRC Kinshasa Survey Pregnancy ANC 1 0 0 1 1 0 3 Moderate-to-low 
Natureeba 201765 Uganda Tororo Trial Pregnancy ANC 1 0 1 1 1 0 4 Moderate-to-low 
Newman 200956 HIV+ Uganda Tororo Survey Delivery Maternity 0 0 1 0 1 1 3 Moderate-to-low 
Newman 200956 HIV- Uganda Tororo Survey Delivery Maternity 0 0 1 0 1 1 3 Moderate-to-low 
Nwaefuna 201557 Ghana Central Ghana Survey Pregnancy ANC 1 1 0 0 1 1 4 Moderate-to-low 
Quakyi 201966 Ghana Maamobi, Kpone on-Sea Survey Pregnancy ANC 1 0 1 1 1 1 5 High 
Quakyi 201966 Ghana Maamobi, Kpone on-Sea Survey Delivery Maternity 0 0 1 1 1 1 4 Moderate-to-low 
Parekh 20106 Peru Iquitos Survey Delivery Maternity 0 1 0 0 1 1 3 Moderate-to-low 
Perrault 200952 Kenya Kisumu, Siaya Survey Delivery Maternity 0 1 1 0 0 1 3 Moderate-to-low 
Ruh 201864 DRC Bandundu Survey Delivery Maternity 0 0 0 0 1 1 2 Moderate-to-low 
Samuels 201967 Kenya Siaya Survey Pregnancy ANC 1 0 0 0 0 1 2 Moderate-to-low 
Singer 200451 Burkina Faso Koupela district Survey Delivery Maternity 0 1 0 0 1 0 2 Moderate-to-low 
Tadesse 202068 Ethiopia Kafa zone Cohort Pregnancy ANC 1 0 1 1 0 1 4 Moderate-to-low 
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Table S5: Characteristics of participants by timing of test and source of blood, IPD and aggregated data 
Characteristic Individual patient data: Participants (%) / studies / substudies* 

 
Aggregated data: Participants (%) / studies / substudies* 

Microscopy and NAATs in 
pregnancy 

Microscopy and NAATs at 
delivery, maternal blood 

Microscopy and NAATs 
at delivery, placental 
blood 

Microscopy and NAATs in 
pregnancy 

Microscopy and NAATs at 
delivery, maternal blood 

Microscopy and NAATs at 
delivery, placental blood 

Overall 25,401/ 28/ 56 21,820/ 32/ 58 18,451/ 29/ 57 6622/ 9 /10 4504/ 12/ 14 3035/ 12/ 13  
Study design (%)       
   Cohort  6841 (25.6)/ 10/ 16 5189 (23.5)/ 10/ 16 3461 (17.8)/ 7/13 275 (4.2)/ 2/ 2 848 (18.8)/ 1/ 2 0/ 0/ 0 
   Survey 5383 (21.6)/ 8/ 13 5805 (26.7)/ 11/ 15 5609 (30.8)/ 11/ 17 6347 (95.8)/ 7/ 8 3459 (76.8)/ 10/ 11 2838 (93.5)/ 11/ 12 
   Trial 13,177 (52.8)/ 10/ 27 10,826 (49.8)/ 11/ 27 9381 (51.5)/ 11/27 0 / 0/ 0 197 (4.4)/ 1/ 1 197 (6.5)/ 1/ 1 
Region (%)‡       
   West/Central Africa 7952 (30.1)/ 10/ 17 6491 (29.5)/ 13 / 17 5143 (27.0)/ 10/ 14 2149 (32.5)/ 4/ 5 2387 (53.0)/ 5/ 6 1395 (46.0)/ 2/ 3 
   East Africa 7144 (28.6)/ 8/ 16 9227 (42.5)/ 13 / 25 8307 (45.6)/ 12/ 25 1875 (28.3)/ 4/ 4 801 (17.8)/ 4/ 4 1250 (41.2) / 7/ 7 
   Americas 2683 (10.8)/ 5/ 11 1395 (6.4)/ 3 / 7† 544 (3.0)/ 3/ 7† 0 /0 / 0 382 (8.5)/ 3/ 3 390 (12.9)/ 3/ 3 
   Asia 7622 (30.6)/ 6/12 4707 (21.7)/ 4 / 9 4457 (24.4)/ 5/ 11  2598 (39.2)/ 1/ 1 934 (20.7)/ 1/ 1 0/ 0/ 0 
PfPR2-10 category (%) ‡       
   <10% 9933 (39.8)/ 11/ 24 5833 (26.9)/ 8/ 17 4955 (27.2)/ 10/ 20 2889 (43.6)/ 3/ 3 1654 (36.7)/ 6/ 6 800 (26.4)/ 6/ 6 
   10-34% 8678 (34.8)/ 12/ 23 10,584 (48.7)/ 19/ 32   7973 (43.7)/ 15/ 28 3250 (49.1)/ 5/ 6 1382 (30.7)/ 3/ 4 1132 (37.3)/ 2/ 3 
   ≥35% 6790 (25.4)/ 8/ 9 5403 (24.4)/ 9/ 9 5523 (29.1)/ 9/ 9 483 (7.3)/ 1/ 1 1468 (32.6)/ 3/ 4 1103 (36.3)/ 4/ 4 
Study period (median, range) 2011 (1998-2017) 2011 (1995-2017) 2011 (1995-2017) 2013 (2004-2018) 2011 (2001-2016) 2009 (2001-2016) 
*Substudies: different locations within study, or groups if stratified enrolment 
†One study with locations both in Americas and Asia 
‡Studies could be conducted in different regions or areas with different malaria endemicity 
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Table S6: Availability of co-factors and characteristics of combined IPD set  
Characteristic Microscopy and NAATs during pregnancy* Microscopy and NAATs at delivery, maternal blood* Microscopy and NAATs at delivery, placental blood* 
 Availability† 

(as % of overall) 
Prevalence (%) or median 
(range) 

Availability† 
(as % of overall) 

Prevalence (%) or median 
(range) 

Availability† 
(as % of overall) 

Prevalence (%) or median 
(range) 

Outcome available overall 25,401 (28 studies)  21,820 (32 studies)  18,451 (29 studies)  
Rainy season 99.8  (1 | 44 ; 0 | 0) 15,151/25,357 (59.8) 95.7 (3 | 774; 8 | 174) 12,071/20,872 (57.8) 96.5 (2 | 548; 10 | 90) 10,684/17,813 (60.0) 
Age (years) median (range) n 91.5 (0 | 0; 10 | 2165) 23 (11-55) 23,236 97.8 (1 | 237; 9 | 250) 24 (10-49) 21,333 95.4 (0 | 0; 10 | 851) 24 (10-49) 17,600 
Age <20 years 98.2 (0 | 0; 9 | 467) 5880/24,934 (23.6) 98.9 (0 | 0;  9 | 250) 4937/21,570 (22.9) 98.8 (0 | 0; 9 | 220) 3785/18,231 (20.8) 
Gravidity, median (range) 89.3 (5 | 2687; 6 | 27) 2 (1-15) 22,687 86.8 (3 | 2832; 8 | 52) 2 (1-14) 18,936 90.3 (1 | 1775; 4 | 20) 2 (1-13) 16,656 
Primigravidae, n/N (%) 97.4 (3 | 532; 7 | 141) 8686/24,728 (35.1) 99.3 (1 | 108; 8 | 52) 7092/21,660 (32.7) 99.9 (0 | 0; 4 | 20) 5658/18,214 (31.1) 
HIV-infected 56.7 (13 | 8987; 4 | 2029)  739/14394 (5.1) 61.0 (12 | 8287; 5 | 222) 1409/13,311 (10.6) 62.7 (11 | 6058; 6 | 820) 1547/11,573 (13.4) 
Rural Setting 52.2 (15 | 12,005; 4 | 143) 8505/13,253 (64.2) 50.0 (17 | 10,788; 4 | 121) 8074/10,911 (74.0) 57.1 (15 | 7830; 4 | 94) 7551/10,527 (71.7) 
Fever, history or documented‡ 71.6 (6 | 6893; 10 | 310) 1262/18,198 (6.9) 64.0 (14 | 7510; 12 | 346) 726/13,964 (5.2) 64.5 (12 | 6359; 11 | 198) 498/11,894 (4.2) 
Any net use 81.4 (7 | 4537; 13 | 197) 10,179/20,667 (49.3) 47.6 (17 | 11,335; 6 | 105) 7796/10,380 (75.1) 51.2 (14 | 8947; 6 | 49) 6557/9455 (69.4) 
ITN use likely§ 45.1 (19 | 12,993; 6 | 954) 4041/11,454 (35.3) 53.9 (15 | 9636; 4 | 416) 11,244/11,768 (95.6) 62.4 (11 | 6116; 6 | 814) 10,580/11,521 (91.8) 
Antimalarial use in pregnancy¶ 33.0 (13 | 14,320; 8 | 2710)  1054/8371 (12.6) 93.0 (4 | 822; 6 | 703) 15,794/20,295 (77.8) 95.9 (2 | 374; 5 | 385) 13,680/17,693 (77.3) 
IRS 44.2 (19 | 13,628; 6 | 556) 1597/11,169 (14.3) 6.0 (30 | 20,504; 0 | 0) 111/959 (11.6) 14.2 (26 | 15,828; 1 | 1) 279/2254 (12.4) 
Gestational age (weeks) 94.0 (1 | 44; 17 | 1487) 21 (1-46) 23,870 83.9 (5 | 2025; 21 | 1488) 39 (6-46) 18,307 88.3 (2 | 781; 23 | 1384) 39 (10-46), 16,286 
Trimester 94.0 (1 | 44; 17 | 1487)      
   First (1-16 weeks)  5718/23,871 (24.0) NA NA NA NA 
   Second (17-27 weeks)  14,532/23,871 (60.9)      
   Third (≥28 weeks)  3,621/23,871 (15.2)     
Preterm delivery (< 37 weeks)  NA 88.3 (4 | 1161; 18 | 1397) 2480/19,262 (12.9) 88.8 (2 | 781; 18 | 1288) 2113/16,382 (12.9) 
First antenatal visit 99.8 (1 | 44; 0 | 0) 7656/25,357 (30.2) NA NA NA NA 
Abbreviations: HIV, human immunodeficiency virus. IPD, individual participant data. NAATs, nucleic acid amplification tests (PCR or LAMP). ITN, insecticide treated net. IRS, indoor residual spraying. 
*Participants with microscopy positive/PCR negative test results excluded 
† In brackets (number of studies where variable is missing because data was not collected or available | number of participants involved; number of studies with some participants missing this information | number of participants for which 
this variable is missing) 
‡A history of fever in the past week or documented fever as defined by the study 
§Either reported ITN use at enrolment or delivery or received ITN at the start of a cohort or trial in pregnancy (delivery only) 
¶At delivery, 43% of women with a maternal blood result and 49% of women with a placental blood result had received 2 or more doses of an antimalarial  
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Table S7: Pregnancy: Prevalence of malaria by microscopy compared to NAATs by study (IPD, order by region and country) 
Study Country Location Mid-

year 
study 

PfPR2-10*  Microscopy vs. NAAT 

Sampl
e size 

BS-/ 
NAAT+ 
(%) 

BS+/ 
NAAT+ 
(%) 

BS+/  
NAAT-  
(%) 

BS-/  
NAAT-  
(%) 

Americas          

Bardaji 20171 Brazil Manaus 2010 0.0 299 27 (9.0) 3 (1.0) 0 (0.0) 269 (90.0) 
Vasquez 20184† Colombia Tumaco 2016 0.0 120 3 (2.5) 4 (3.3) 0 (0.0) 113 (94.2) 
Vasquez 20184† Colombia Apartado/Turbo/El Bagre-P 2017 0.0 209 1 (0.5) 1 (0.5) 0 (0.0) 207 (99.0) 
Gavina 20183 Colombia Puerto Libertador 2015 0.0 184 11 (6.0) 4 (2.2) 0 (0.0) 169 (91.8) 
Bardaji 20171 Colombia Tieralta 2010 0.0 300 21 (7.0) 5 (1.7) 0 (0.0) 274 (91.3) 
Vasquez 20205† Colombia Tumaco 2017 0.0 469 9 (1.9) 15 (3.2) 0 (0.0) 445 (94.9) 
Vasquez 20205† Colombia Quibdo 2017 0.5 392 11 (2.8) 13 (3.3) 0 (0.0) 368 (93.9) 
Vasquez 20184 Colombia Quibdo 2016 1.2 106 0 (0.0) 5 (4.7) 0 (0.0) 101 (95.3) 
Bardaji 20171 Guatemala Fray Bartolome de las Casas 2010 0.0 300 63 (21.0) 0 (0.0) 0 (0.0) 237 (79.0) 
Elbadry 20172 Haiti South Haiti 2014 0.0 94 33 (35.1) 4 (4.3) 0 (0.0) 57 (60.6) 
Elbadry 20172 Haiti Middle & North Haiti 2014 0.1 210 13 (6.2) 0 (0.0) 0 (0.0) 197 (93.8) 
Asia & Pacific          

Singh 201510 India Bastar 2007 2.1 1091 29 (2.7) 25 (2.3) 5 (0.5) 1032 (94.6) 
Bardaji 20171 India Bikaner 2010 0.0 293 30 (10.2) 0 (0.0) 0 (0.0) 263 (89.8) 
Singh 201510 India Rajnandgaon 2007 0.1 1386 30 (2.2) 0 (0.0) 0 (0.0) 1356 (97.8) 
Pava 201612 Indonesia Timika 2013 4.8 44 8 (18.2) 4 (9.1) 0 (0.0) 32 (72.7) 
Ahmed 201913† Indonesia Timika 2015 24.8 142 142 (12.5) 33 (2.9) 42 (3.7) 915 (80.8) 
Ahmed 201913† Indonesia Sumba 2015 0.1 939 166 (17.7) 4 (0.4) 1 (0.1) 768 (81.8) 
Unger 201511 PNG Yagaum 2011 2.1 175 8 (4.6) 14 (8.0) 3 (1.7) 150 (85.7) 
Unger 201511 PNG Mugil 2011 0.5 182 16 (8.8) 6 (3.3) 3 (1.6) 157 (86.3) 
Unger 201511 PNG Alexishafen 2011 1.4 374 36 (9.6) 34 (9.1) 5 (1.3) 299 (79.9) 
Stanisic 20159 PNG Alexishafen 2006 0.0 350 122 (34.9) 113 (32.3) 7 (2.0) 108 (30.9) 
Bardaji 20171 PNG Madang 2009 0.1 258 41 (15.9) 20 (7.8) 6 (2.3) 191 (74.0) 
Unger 201511 PNG Madang 2011 0.5 1488 99 (6.7) 66 (4.4) 18 (1.2) 1305 (87.7) 
Africa          

Cottrell 201526 Benin Come Central 2009 11.8 442 83 (18.8) 57 (12.9) 1 (0.2) 301 (68.1) 
Cottrell 201526 Benin Ouedeme-Pedah 2009 16.4 165 47 (28.5) 33 (20.0) 1 (0.6) 84 (50.9) 
Cottrell 201526 Benin Akodeha 2009 12.7 386 96 (24.9) 75 (19.4) 0 (0.0) 215 (55.7) 
Accrombessi 201849 Benin Soava and Akassato 2015 20.6 367 108 (29.4) 17 (4.6) 10 (2.7) 232 (63.2) 
Denoeud-Ndam 201334 Benin Porto Novo 2011 16.0 88 24 (27.3) 6 (6.8) 0 (0.0) 58 (65.9) 
Denoeud-Ndam 201334 Benin Cotonou 2011 22.4 306 103 (33.7) 15 (4.9) 0 (0.0) 188 (61.4) 
Williams 201635 Burkina Faso Ziniare 2011 47.3 693 116 (16.7) 282 (40.7) 15 (2.2) 280 (40.4) 
Kattenberg 201231 Burkina Faso Nanoro 2011 63.1 380 92 (24.2) 109 (28.7) 3 (0.8) 176 (46.3) 
Leke 201020 Cameroon Ngali II 2003 68.0 56 11 (19.6) 22 (39.3) 1 (1.8) 22 (39.3) 
Ntoumi 201642 Congo B Madibou 2012 18.3 363 43 (11.8) 25 (6.9) 0 (0.0) 295 (81.3) 
Williams 201635 Gambia Basse 2011 7.9 580 33 (5.7) 35 (6.0) 7 (1.2) 505 (87.1) 
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Study Country Location Mid-
year 
study 

PfPR2-10*  Microscopy vs. NAAT 

Sampl
e size 

BS-/ 
NAAT+ 
(%) 

BS+/ 
NAAT+ 
(%) 

BS+/  
NAAT-  
(%) 

BS-/  
NAAT-  
(%) 

Mockenhaupt 200017 Ghana Agogo 1998 36.0 528 164 (31.1) 171 (32.4) 1 (0.2) 192 (36.4) 
Williams 201635 Ghana Navrongo 2011 60.7 1258 141 (11.2) 548 (43.6) 52 (4.1) 517 (41.1) 
Desai 201543 Kenya Siaya 2014 13.7 219 46 (21.0) 56 (25.6) 2 (0.9) 115 (52.5) 
Desai 201543 Kenya Lwak 2013 11.2 344 91 (26.5) 54 (15.7) 1 (0.3) 198 (57.6) 
Desai 201543 Kenya Bondo 2013 16.8 410 50 (12.2) 64 (15.6) 4 (1.0) 292 (71.2) 
Daud 201538 Kenya Chulaimbo 2011 20.3 111 23 (20.7) 16 (14.4) 0 (0.0) 72 (64.9) 
Desai 201543 Kenya Madiany 2013 13.5 456 54 (11.8) 57 (12.5) 1 (0.2) 344 (75.4) 
Madanitsa 201639‡ Malawi Chikwawa-G12 2013 11.4 294 96 (32.7) 36 (12.2) 8 (2.7) 154 (52.4) 
Madanitsa 201639‡ Malawi Chikwawa-G35 2013 11.4 97 15 (15.5) 3 (3.1) 1 (1.0) 78 (80.4) 
Madanitsa 201639‡ Malawi Madziabango-G12 2012 18.9 242 83 (34.3) 59 (24.4) 11 (4.5) 89 (36.8) 
Madanitsa 201639‡ Malawi Madziabango-G35 2012 18.9 205 58 (28.3) 22 (10.7) 12 (5.9) 113 (55.1) 
Madanitsa 201639‡ Malawi Mpemba-G12 2012 18.0 569 210 (36.9) 85 (14.9) 16 (2.8) 258 (45.3) 
Madanitsa 201639‡ Malawi Mpemba-G35 2012 18.0 381 89 (23.4) 23 (6.0) 11 (2.9) 258 (67.7) 
Nkhoma 201740 Malawi Mangochi district 2012 27.9 1341 240 (17.9) 111 (8.3) 34 (2.5) 956 (71.3) 
Cohee 201428 Malawi Blantyre 2010 23.7 438 46 (10.5) 54 (12.3) 0 (0.0) 338 (77.2) 
Mahamar 202136 Mali Ouelessebougou 2013 49.6 1851 331 (17.9) 521 (28.2) 0 (0.0) 999 (54.0) 
Williams 201635 Mali Kita 2011 31.1 180 27 (15.0) 19 (10.6) 2 (1.1) 132 (73.3) 
Williams 201635 Mali San 2011 50.9 261 36 (13.8) 84 (32.2) 4 (1.5) 137 (52.5) 
Williams 201635 Mali Bamako 2011 5.2 147 14 (9.5) 14 (9.5) 2 (1.4) 117 (79.6) 
Kakuru 201647† Uganda Tororo 2014 13.0 299 167 (55.9) 4 (1.3) 0 (0.0) 128 (42.8) 
Briggs 201950 Uganda Busia district 2017 45.9 782 242 (30.9) 391 (50.0) 10 (1.3) 139 (17.8) 
Chico 201789 Zambia Nchelenge 2013 37.5 1074 285 (26.5) 336 (31.3) 7 (0.7) 446 (41.5) 
Abbreviations: BS: microscopy. LAMP: loop-mediated isothermal amplification. NAAT: nucleic acid amplification test. PCR: polymerase chain reaction. PNG: Papua New 
Guinea. G12: women in their first and second pregnancy. G35: women in their third to fifth pregnancy. For analyses in the main paper, the groups “microscopy 
positive/NAAT-negative” has been excluded.  
*PfPR2-10: Estimated prevalence in the study area for the mid-year of the study for P. falciparum among children 2-10 years of age (2020-layer, Malaria Atlas Project: 
https://malariaatlas.org). † LAMP was used in the following studies: Ahmed 2019,13 Kakuru 2016,47 Briggs,50 Vasquez 20184 and Vasquez 20205. ‡ Enrolment in this study 
was stratified by gravidity.  
Several studies had enrolment criteria that may have affected parasite prevalence, these included (where known, in alphabetical order of first author): Ahmed 201913: HIV-
negative women, no severe malaria, no antimalarial treatment in previous month. Chico 201789: No antimalarials or antibiotics in the previous 4 weeks. Daud 201438: Hb >=7.5 
g/dl. Denoeud-Ndam 201334: HIV-infected women, last SP dose one month before enrolment, 2 weeks after any other antimalarial intake. Desai 201543: HIV-negative women, 
no IPTp received yet, no severe anaemia (not further defined). Gavina 20183: No antimalarial treatment in the past 2 weeks, no signs of severe malaria. Kakuru 201647: HIV-
negative women. Kapito-Tembo 2010:55 HIV-infected women. Madanitsa 201639: HIV-negative women, 1st ANC visit, Hb >7 g/dl, no IPTp received yet. Matangila 201461: No 
fever or other symptoms of malaria. Ntoumi 201642: No history of clinical malaria in the past 2 weeks, no fever for the past 48 hours, axillary temperature ≤37.5° at enrolment. 
Quakyi 201966: HIV-negative women. Stanisic 20159: 1st ANC visit, Hb ≥5 g/dl. Tadesse 202068: No severe malaria symptoms, no antimalarials in the past 4 weeks. Unger 
201590: 1st ANC visit, Hb ≥6 g/dl. Vasquez 20184: No antimalarials in the past three days. Vasquez 20205: No history of malaria or antimalarial use in the past 3 months, no 
positive malaria test at previous ANC, no severe malaria. Williams 201635: 1st ANC visit. 
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Table S8: Delivery: Prevalence of malaria by microscopy compared to NAATs by study (IPD, order by region and country) 
Study Country Location Mid-

year 
study 

PfPR2-

10* 
 Microscopy vs. NAAT (maternal blood)  Microscopy vs. NAAT (placental blood) 

Sample BS-
/NAAT+ 
(%) 

BS+/ 
NAAT+ 
(%) 

BS+/ 
NAAT- 
(%) 

BS-/ NAAT-  
(%) 

Sample BS-
/NAAT+ 
(%) 

BS+/ 
NAAT+ 
(%) 

BS+/ 
NAAT- 
(%) 

BS-/ 
NAAT-  
(%) 

   Americas               
Bardaji 20171 Brazil Manaus 2010 0.0 287 15 (5.2) 0 (0.0) 0 (0.0) 272 (94.8) 17 0 (0.0) 0 (0.0) 0 (0.0) 17 (100.0) 

Vasquez 20184† Colombia 
Apartado/Turbo/El 
Bagre 2016 0.0 76 0 (0.0) 0 (0.0) 0 (0.0) 76 (100.0) 76 0 (0.0) 0 (0.0) 0 (0.0) 76 (100.0) 

Gavina 20183 Colombia Puerto Libertador 2015 0.0 179 12 (6.7) 0 (0.0) 0 (0.0) 167 (93.3) 178 9 (5.1) 0 (0.0) 0 (0.0) 169 (94.9) 
Vasquez 20184†  Colombia Quibdo 2016 1.2 123 0 (0.0) 0 (0.0) 0 (0.0) 123 (100.0) 123 2 (1.6) 1 (0.8) 0 (0.0) 120 (97.6) 

Bardaji 20171 Colombia Tieralta 2010 0.0 300 12 (4.0) 3 (1.0) 0 (0.0) 
285/300 
(95.0) 18 1 (5.6) 0 (0.0) 0 (0.0) 17 (94.4) 

Vasquez 20184† Colombia Tumaco 2016 0.0 130 5 (3.8) 0 (0.0) 0 (0.0) 125 (96.2) 130 5 (3.8) 1 (0.8) 0 (0.0) 124 (95.4) 

Bardaji 20171 Guatemala 
Fray Bartolome de 
las Casas 2010 0.0 300 54 (18.0) 0 (0.0) 0 (0.0) 246 (82.0) 2 0/2 (0.0) 0/2 (0.0) 0/2 (0.0) 2 (100.0) 

   Asia               
Singh 201510 India Bastar 2007 2.1      469 15 (3.2) 11 (2.3) 4 (0.9) 439 (93.6) 
Bardaji 20171 India Bikaner 2010 0.0 292 29 (9.9) 0 (0.0) 0 (0.0) 263 (90.1) 98 18 (18.4) 0/98 (0.0) 0 (0.0) 80 (81.6) 
Singh 201510 India Rajnandgaon 2007 0.0      479 14 (2.9) 0 (0.0) 1 (0.2) 464 (96.9) 
Ahmed 201913† Indonesia Sumba 2015 0.1 816 52 (6.4) 2 (0.2) 1 (0.1) 761 (93.3) 787 29 (3.7) 1 (0.1) 0 (0.0) 757 (96.2) 
Ahmed 201913† Indonesia Timika 2015 24.8 1037 64 (6.2) 21 (2.0) 14 (1.4) 938 (90.5) 976 39 (4.0) 16 (1.6) 6 (0.6) 915 (93.8) 
Stanisic 20159 PNG Alexishafen 2006 0.0 309 107 (34.6) 28 (9.1) 11 (3.6) 163 (52.8) 232 76 (32.8) 34 (14.7) 6 (2.6) 116 (50.0) 
Unger 201511 PNG Alexishafen 2011 1.4 345 23 (6.7) 15 (4.3) 3 (0.9) 304 (88.1) 215 5 (2.3) 11 (5.1) 1 (0.5) 198 (92.1) 
Bardaji 20171 PNG Madang 2009 0.1 287 34 (11.8) 5 (1.7) 1 (0.3) 247 (86.1) 95 3 (3.2) 1 (1.1) 0 (0.0) 91 (95.8) 
Unger 201511 PNG Madang 2011 0.5 1350 26 (1.9) 34 (2.5) 7 (0.5) 1283 (95.0) 994 15 (1.5) 21 (2.1) 4 (0.4) 954 (96.0) 
Unger 201511 PNG Mugil 2011 0.5 148 7 (4.7) 2 (1.4) 0 (0.0) 139 (93.9) 40 0 (0.0) 0 (0.0) 0 (0.0) 40 (100.0) 
Unger 201511 PNG Yagaum 2011 2.1 162 6 (3.7) 1 (0.6) 2 (1.2) 153 (94.4) 95 4 (4.2) 0 (0.0) 1 (1.1) 90 (94.7) 
   Africa               
Cottrell 201526 Benin Akodeha 2009 12.7 250 49 (19.6) 32 (12.8) 3 (1.2) 166 (66.4) 243 55 (22.6) 30 (12.3) 3 (1.2) 155 (63.8) 
Gonzalez 201432 Benin Allada 2011 36.0 347 82 (23.6) 24 (6.9) 3 (0.9) 238 (68.6) 345 78 (22.6) 17 (4.9) 6 (1.7) 244 (70.7) 
Cottrell 201526 Benin Come Central 2009 17.1 267 73 (27.3) 14 (5.2) 3 (1.1) 177 (66.3) 188 30 (16.0) 11 (5.9) 5 (2.7) 142 (75.5) 
Denoeud-Ndam 201334 Benin Cotonou 2011 7.2 233 12 (5.2) 2 (0.9) 0 (0.0) 219 (94.0) 240 7 (2.9) 2 (0.8) 0 (0.0) 231 (96.3) 
Cottrell 201526 Benin Ouedeme-Pedah 2009 11.7 134 37 (27.6) 11 (8.2) 1 (0.7) 85 (63.4) 113 34 (30.1) 15 (13.3) 2 (1.8) 62 (54.9) 
Denoeud-Ndam 201334 Benin Porto Novo 2011 16.1 58 3 (5.2) 0 (0.0) 0 (0.0) 55 (94.8) 60 1 (1.7) 0 (0.0) 0 (0.0) 59 (98.3) 
Accrombessi 201849 Benin Soava and Akassato 2015 20.6 233 24 (10.3) 9 (3.9) 0 (0.0) 200 (85.8) 221 9 (4.1) 6 (2.7) 8 (3.6) 198 (89.6) 
Leke 201020 Cameroon Ngali II 2003 68.0 48 24 (50.0) 18 (37.5) 6 (12.5) 0 (0.0)      
Walker-Abbey 200516 Cameroon Yaounde 1997 51.5 302 138 (45.7) 91 (30.1) 4 (1.3) 69 (22.8) 198 70 (35.4) 69 (34.8) 2 (1.0) 57 (28.8) 
Mbouamboua 201948 Congo B Madibou HC 2014 27.1 370 87 (23.5) 27 (7.3) 0 (0.0) 256 (69.2) 370 60 (16.2) 9 (2.4) 1 (0.3) 300 (81.1) 
Landis 200924 DRC Kinshasa 2005 34.2 124 2 (1.6) 0 (0.0) 1 (0.8) 121 (97.6)      
Adegnika 200621 Gabon Lambarene 2003 29.0 130 22 (16.9) 9 (6.9) 0 (0.0) 99 (76.2) 81 8 (9.9) 8 (9.9) 0 (0.0) 65 (80.2) 

Gonzalez 201432 Gabon 
Lambarene, 
Foukamou 2011 20.9 256 12 (4.7) 10 (3.9) 1 (0.4) 233 (91.0) 253 15 (5.9) 6 (2.4) 3 (1.2) 229 (90.5) 

Mockenhaupt 200218 Ghana Agogo 2000 36.3 889 300 (33.7) 166 (18.7) 1 (0.1) 422 (47.5) 887 216 (24.4) 304 (34.3) 3 (0.3) 364 (41.0) 
Williams 201635 Ghana Navrongo 2011 60.7 897 46 (5.1) 95 (10.6) 33 (3.7) 723 (80.6)      
Desai 201543 Kenya Bondo 2013 16.8 387 13 (3.4) 15 (3.9) 2 (0.5) 357 (92.2) 384 19 (4.9) 13 (3.4) 2 (0.5) 350 (91.1) 
Daud 201538 Kenya Chulaimbo 2011 20.3 108 17 (15.7) 3 (2.8) 0 (0.0) 88 (81.5)      
Malhotra 200919 Kenya Kwale district 2002 81.6 629 180 (28.6) 37 (5.9) 14 (2.2) 398 (63.3) 583 94 (16.1) 2 (0.3) 4 (0.7) 483 (82.8) 
Desai 201543 Kenya Lwak 2013 11.2 296 14 (4.7) 25 (8.4) 2 (0.7) 255 (86.1) 291 18 (6.2) 27 (9.3) 2 (0.7) 244 (83.8) 
Desai 201543 Kenya Madiany 2013 13.5 408 10 (2.5) 10 (2.5) 1 (0.2) 387 (94.9) 398 15 (3.8) 10 (2.5) 1 (0.3) 372 (93.5) 
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Study Country Location Mid-
year 
study 

PfPR2-

10* 
 Microscopy vs. NAAT (maternal blood)  Microscopy vs. NAAT (placental blood) 

Sample BS-
/NAAT+ 
(%) 

BS+/ 
NAAT+ 
(%) 

BS+/ 
NAAT- 
(%) 

BS-/ NAAT-  
(%) 

Sample BS-
/NAAT+ 
(%) 

BS+/ 
NAAT+ 
(%) 

BS+/ 
NAAT- 
(%) 

BS-/ 
NAAT-  
(%) 

Desai 201543 Kenya Siaya 2014 13.7 176 14 (8.0) 15 (8.5) 0 (0.0) 147 (83.5) 158 12 (7.6) 16 (10.1) 0 (0.0) 130 (82.3) 
Gonzalez 201433 HIV+ Kenya Siaya 2011 40.0 349 14 (4.0) 11 (3.2) 6 (1.7) 318 (91.1) 351 16 (4.6) 11 (3.1) 5 (1.4) 319 (90.9) 
Cohee 201428 Malawi Blantyre 2010 23.7 289 7 (2.4) 3 (1.0) 0 (0.0) 279 (96.5) 305 63 (20.7) 4 (1.3) 0 (0.0) 238 (78.0) 
Patel 201630 Malawi Blantyre 2010 23.7 162 4 (2.5) 1 (0.6) 4 (2.5) 153 (94.4) 187 4 (2.1) 3 (1.6) 0 (0.0) 180 (96.3) 
Madanitsa 201639‡ Malawi Chikwawa-G12 2013 11.4 251 30 (12.0) 15 (6.0) 0 (0.0) 206 (82.1) 245 20 (8.2) 18 (7.3) 11 (4.5) 196 (80.0) 
Madanitsa 201639‡ Malawi Chikwawa-G35 2013 11.4 90 8 (8.9) 2 (2.2) 0 (0.0) 80 (88.9) 82 11 (13.4) 3 (3.7) 2 (2.4) 66 (80.5) 
Luntamo 201323 Malawi Lungwena 2005 31.5 453 39 (8.6) 11 (2.4) 3 (0.7) 400 (88.3)      
Madanitsa 201639‡ Malawi Madziabango-G12 2012 18.3 205 55 (26.8) 9 (4.4) 1 (0.5) 140 (68.3) 202 32 (15.8) 23 (11.4) 11 (5.4) 136 (67.3) 
Madanitsa 201639‡ Malawi Madziabango-G35 2012 18.3 185 38 (20.5) 0 (0.0) 0 (0.0) 147 (79.5) 179 23 (12.8) 5 (2.8) 7 (3.9) 144 (80.4) 
Patel 201630 Malawi Madziabango 2010 26.3 280 16 (5.7) 11 (3.9) 10 (3.6) 243 (86.8) 276 48 (17.4) 4 (1.4) 1 (0.4) 223 (80.8) 
Nkhoma 201740 Malawi Mangochi district 2012 27.9           
Madanitsa 201639‡ Malawi Mpemba-G12 2012 18.0 482 111 (23.0) 5 (1.0) 1 (0.2) 365 (75.7) 467 78 (16.7) 24 (5.1) 27 (5.8) 338 (72.4) 
Madanitsa 201639‡ Malawi Mpemba-G35 2012 18.0 328 43 (13.1) 1 (0.3) 0 (0.0) 284 (86.6) 315 34 (10.8) 8 (2.5) 17 (5.4) 256 (81.3) 
Patel 201630 Malawi Mpemba 2010 27.8 661 26 (3.9) 21 (3.2) 10 (1.5) 604 (91.4) 655 59 (9.0) 15 (2.3) 0 (0.0) 581 (88.7) 
Mahamar 202136 Mali Ouelessebougou 2013 49.6 1808 155 (8.6) 156 (8.6) 0 (0.0) 1497 (82.8) 1776 194 (10.9) 290 (16.3) 0 (0.0) 1292 (72.7) 
Arnaldo 201846 Mozambique Chokwe district 2014 12.8 918 77 (8.4) 22 (2.4) 2 (0.2) 817 (89.0)      
Gonzalez 201432 Mozambique Manhica, Managra 2011 4.6 340 9 (2.6) 6 (1.8) 1 (0.3) 324 (95.3) 340 10 (2.9) 7 (2.1) 1 (0.3) 322 (94.7) 
Gonzalez 201433 HIV+ Mozambique Manhica, Managra 2011 4.6 416 5 (1.2) 7 (1.7) 1 (0.2) 403 (96.9) 413 4 (1.0) 6 (1.5) 1 (0.2) 402 (97.3) 
Dobano 201825 Mozambique Manhica 2006 10.6 238 30 (12.6) 16 (6.7) 1 (0.4) 191 (80.3)      
Menendez 200822 Mozambique Manhica 2004 32.8 613 145 (23.7) 76 (12.4) 0 (0.0) 392 (63.9) 450 104 (23.1) 65 (14.4) 3 (0.7) 278 (61.8) 
Oduwole 201127 Nigeria Calabar 2009 38.1 202 11 (5.4) 3 (1.5) 1 (0.5) 187 (92.6) 203 15 (7.4) 4 (2.0) 1 (0.5) 183 (90.1) 
Mosha 201441 Tanzania Moshi 2012 4.2      174 2 (1.1) 1 (0.6) 1 (0.6) 170 (97.7) 
Mosha 201441 Tanzania Rufiji 2012 17.1      174 15 (8.6) 12 (6.9) 1 (0.6) 146 (83.9) 
Briggs 201950† Uganda Busia district 2017 45.9      640 49 (7.7) 28 (4.4) 1 (0.2) 562 (87.8) 
Braun 201545 Uganda Fort Portal 2013 13.5 743 57 (7.7) 22 (3.0) 1 (0.1) 663 (89.2)      
Kakuru 201647† Uganda Tororo 2014 13.0 288 23 (8.0) 6 (2.1) 0 (0.0) 259 (89.9) 280 17 (6.1) 7 (2.5) 1 (0.4) 255 (91.1) 
Arinaitwe 201337 Uganda Tororo 2011 38.0      565 62 (11.0) 97 (17.2) 2 (0.4) 404 (71.5) 
Natureeba 201429 Uganda Tororo 2011 27.3      301 15 (5.0) 11 (3.7) 0 (0.0) 275 (91.4) 
Abbreviations: BS: microscopy. LAMP: loop-mediated isothermal amplification. NAAT: nucleic acid amplification test. PCR: polymerase chain reaction. PNG: Papua New Guinea. G12: women in their first and second pregnancy. 
G35: women in their third to fifth pregnancy. For analyses in the main paper, the group “microscopy positive/NAAT-negative” has been excluded. * PfPR2-10: Estimated prevalence in the study area for the mid-year of the study for P. 
falciparum among children 2-10 years of age (2020-layer, Malaria Atlas Project: https://malariaatlas.org). † LAMP was used in the following studies: Ahmed 2019,13 Kakuru 2016,47 Vasquez 20184 and Briggs 2019.50 ‡ Enrolment in 
this study was stratified by gravidity. 

 

Table S9: Median and interquartile range of microscopy positive/NAAT negative test results overall and by region 
 Microscopy positive, NAAT-negative results: Median, IQR, N [range] 
 Pregnancy Delivery maternal Delivery placental 
All 0.5, 0.0-1.6, 56 [0.0-5.9] 0.2, 0.0-0.9, 58 [0.0-12.5] 0.4, 0.0-1.1, 57 [0.0-5.8] 
Americas 0.0, 0.0-0.0, 11 [0.0-0.0] 0.0, 0.0-0.0, 7 [0.0-0.0] 0.0, 0.0-0.0, 7 [0.0-0.0] 
Asia 1.3, 0.1-1.9, 12 [0.0-3.7] 0.5, 0.1-1.2, 9 [0.0-3.6] 0.4, 0.0-0.9, 11 [0.0-2.6] 
Africa 1.0, 0.2-1.8, 33 [0.0-5.9] 0.3, 0.0-0.9, 42 [0.0-12.5] 0.5, 0.2-1.7, 39 [0.0-5.8] 
IQR, interquartile range. N, number of substudies. NAAT, nucleic acid amplification test. 
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Table S10: Pregnancy: Pooled prevalence and odds ratio of fever by malaria test results  
Subgroup N 

sub- 
Stu
dies 

Number of 
women in 
subgroups 

Pooled 
prevalence of 
fever (95% CI)  

I2 

(%) 
Median 
prevalence fever, 
range 

Pooled Odds Ratio 
(95% CI)  
Reference group  
“no malaria” 
(two-stage analysis) 

I2  

(%) 
Adjusted pooled 
Odds Ratio (95% CI)  
Reference group “no 
malaria” 
(one stage analysis)* 

p-value Total N Adjusted Odds Ratio 
(95% CI)  
Reference group 
“microscopic malaria” 
(one stage analysis)* 

p-value Total 
N 

Overall              
   Microscopic 36 1930 11.6 (6.2-17.9) 86.6 9.0, 0.0-100.0 3.90 (2.60-5.85) 62.0 2.84 (2.30-3.51) <0.0001 17086 Reference   
   Submicroscopic 39 2926 2.0 (0.4-4.3) 84.1 1.2, 0.0-36.4 1.25 (1.02-1.54) 0.0 1.29 (1.04-1.60) 0.0181  0.46 (0.36-0.59) <0.0001 800 
   No malaria infection 40 13,326 3.9 (2.2-6.0) 96.6 3.8, 0.0-27.3 Reference   Reference      
Americas/Asia              
   Microscopic 19 366 20.6 (8.2-35.7) 82.4 12.5, 0.0-100.0 4.63 (2.58-8.30) 59.6 4.07 (2.91-5.69) <0.0001 9833 Reference   
   Submicroscopic 22 897 0.9 (0.0-3.9) 71.7 0.5, 0.0-17.2 1.09 (0.75-1.59) 0.0 1.11 (0.76-1.61) 0.5913  0.21 (0.13-0.35) <0.0001 1222 
   No malaria infection 23 8843 5.1 (2.5-8.5) 97.3 4.6, 0.0-19.6 Reference   Reference      
Africa              
   Microscopic 17 1564 7.4 (2.7-13.5) 88.5 7.3, 0.0-100.0 2.93 (1.79-4.82) 51.3 2.29 (1.75-3.00) <0.0001 7253 Reference   
   Submicroscopic 17 2029 3.8 (1.3-7.4) 90.1 1.9, 0.0-36.4 1.33 (1.04-1.70) 0.0 1.32 (1.02-1.72) 0.0377  0.61 (0.46-0.81) 0.0006 578 
   No malaria infection 17 4483 2.4 (0.6-5.0) 94.6 1.1, 0.0-27.3  Reference  Reference      
By transmission level (PfPR2-10) in Africa                
High (≥35%)              
   Microscopic 4 1104 19.7 (9.7-32.0) 94.2 18.8, 17.3-54.5 2.15 (1.57-2.94) 0.0 2.16 (1.56-3.00) <0.0001 3177 Reference   
   Submicroscopic 4 747 9.8 (3.9-17.7) 86.1 11.4, 3.9-36.4 1.28 (0.87-1.89) 0.0 1.42 (0.98-2.06) 0.0624  0.64 (0.46-0.90) 0.0096 1847 
   No malaria infection 4 1349 7.9 (3.2-14.3) 85.5 7.9, 3.7-27.3 Reference  Reference      
Moderate to low (<35%)              
   Microscopic 13 460 3.6 (0.0-10.7) 81.0 0.0, 0.0-100.0 5.38 (2.05-14.10) 55.8 2.75 (1.60-4.73) 0.0003 4076 Reference   
   Submicroscopic 13 1282 2.3 (0.1-6.2) 89.8 1.2, 0-23.1 1.36 (0.99-1.86) 0.0 1.34 (0.91-1.96) 0.1423  0.62 (0.37-1.03) 0.0646 1731 
   No malaria infection 13 3134 1.3 (0.0-4.1) 95.4 0.3, 0.0-21.2 Reference  Reference      
Abbreviations: aOR, adjusted odds ratio. CI, confidence interval. OR, Odds ratio. 
Factors with a p-value <0.05 printed in bold 
Notes: The following stata-procedures were used: pooled prevalence: metaprop, two-stage analyses OR: metan, one-stage analyses OR: xtlogit. Note that for the procedures meta-prop and metan, studies with 0-values in sample (meta-prop) or in 
the control group (metan) were not included in the meta-analyses which may explain some of the differences between median and pooled prevalence and pooled OR and aOR.  
*Adjusted for region (Africa vs. Americas/Asia in overall model), gestational age, transmission level as continuous variable, season, study year, gravidity, age and first antenatal visit. The inclusion of gestational age led to a reduction in sample 
size (254 in overall model) but results with and without gestational age were similar (data not shown). An interaction was noted between malaria status and region (Africa vs. Americas/Asia combined, see table insert) for the overall model. P-
values for interaction terms between malaria status and gestational age were ≥0.05 for each model (p=0.0661 for interaction term of model among parasitaemic women). Malaria species were not associated with fever in models among 
parasitaemic women by region (data not shown). 

 aOR, 95% CI p-value aOR, 95% CI 
among NAAT+ 

p-value 

No malaria, America/Asia Reference    
Submicroscopic malaria, America/Asia  1.13, 0.78-1.64 0.5223 0.77, 0.20-2.96 0.7059 
Microscopic malaria, America/Asia 4.08, 2.92-5.70 <0.0001 3.50, 0.91-13.38 0.0676 
No malaria, Africa 0.38, 0.09-1.55 0.1758   
Submicroscopic malaria, Africa 0.50, 0.12-2.04 0.3318 0.60, 0.45-0.81 0.0007 
Microscopic malaria, Africa 0.89, 0.22-3.65 0.8682 Reference  
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Table S11: Pooled prevalence of species as assessed by PCR among microscopic and submicroscopic infections by region, meta-analysis 
 Pregnancy Delivery, maternal blood 
  Among microscopic infections Among submicroscopic infections Among microscopic infections Among submicroscopic infections 

 N 

Pooled 
estimate, 
95% CI I2 

Sub-
studies 

Median and 
range 

Pooled 
estimate, 
95% CI I2 

Sub-
studies 

Median and 
range N 

Pooled 
estimate, 
95% CI I2 

Sub-
studies 

Median and 
range 

Pooled 
estimate, 
95% CI I2 

Sub-
studies 

Median and 
range 

Americas Americas 
P. falciparum 
mono-infection 88 69, 30-98 79% 8 75 (0-100) 47, 23-72 80% 8 35 (0-100) 21 67, 6-100  1 67 (67) 35, 2-79 93% 5 40 (0-100) 
P. vivax mono-
infection 84 23, 1-56 71% 8 23  (0-100) 39, 13-68 85% 8 54 (0-100) 75 33, 0-94  1 33 (33) 56, 15-93 93% 5 53 (0-98) 
Mixed infections 17 0, 0-5 0% 8 0 (0-25) 0, 0-8 55% 8 0 (0-22) 5 0, 0-50  1 0 (0) 3, 0-9 8% 5 7 (0-17) 
Other mono-
infections  2 0, 0-2 0% 8 0 (0) 0, 0-0 18% 8 0 (0-33) 0 0, 0-50  1 0 (0) 0, 0-1 0% 5 0 (0) 
Asia Asia 
P. falciparum 
mono-infection 514 76, 62-87 78% 10 78 (30-100) 57, 43-69 88% 12 59 (20-93) 264 67, 48-84  50% 8 70 (29-100) 60, 41-77 90% 9 61 (21-100) 
P. vivax mono- 
infection 201 8, 4-13 16% 10 10 (0-25) 31, 22-41 79% 12 28 (7-59) 143 17, 9-27 0% 8 19 (0-40) 33, 18-51 89% 9 29 (0-77) 
Mixed infections 118 9, 1-21 84% 10 7 (0-61) 7, 2-14 83% 12 3 (0-29) 43 4, 0-16 49% 8 0 (0-38) 4, 0-11 74% 9 3 (0-27) 
Other mono-
infections 34 0, 0-1 0% 10 0 (0-7) 1, 0-5 82% 12 0 (0-20) 5 0, 0-0 0% 8 0 (0-5) 0, 0-1 0% 9 0 (0-3) 
Africa* Africa 
P. falciparum 
mono-infection 1352 96, 91-99 86% 7 98  (85-100) 96, 90-100 81% 7 95 (77-100) 726 92, 79-99 86% 3 91 (85-98) 93, 83-99 90% 3 89 (88-98) 
P. vivax mono- 
infection 2 0, 0-0 0% 7 0 (0) 0, 0-1 27% 7 0 (0-15) 0 0, 0-0 0% 3 0 (0) 0, 0-0 0% 3 0 (0) 
Mixed infections 25 1, 0-4 66% 7 1 (0-15) 1, 0-2 23% 7 0 (0-8) 40 8, 1-21 86% 3 9 (2-15) 4, 0-12 88% 3 4 (1-10) 
Other mono-
infections 8 0, 0-0 0% 7 0 (0-1) 0, 0-2 27% 7 0 (0-9) 8 0, 0-0 0% 3 0 (0) 2, 0-6 80% 3 1 (1-9) 
Asia/America Asia/America combined 
P. falciparum 
mono-infection 602 75, 62-87 77% 18 75 (0-100) 54, 42-65 86% 20 52 (0-100) 285 67, 49-82 43% 9 68 (29-100) 51, 31-71 94% 14 48 (0-100) 
P. vivax mono-
infection 285 9, 3-17 55% 18 13 (0-100) 34, 23-45 84% 20 32 (0-100) 218 18, 9-28 0% 9 27 (0-40) 41, 22-61 94% 14 33 (0-98) 
Mixed infections 135 5, 0-13 74% 18 0 (0-61) 4, 0-9 76% 20 2 (0-29) 48 3, 0-15 42% 9 0 (0-38) 4, 1-9 63% 14 3 (0-27) 
Other mono-
infections 36 0, 0-0 0% 18 0 (0-7) 0, 0-2 73% 20 0 (0-33) 5 0, 0-0 0% 9 0 (0-5) 0, 0-0 0% 14 0 (0-3) 
NA, not available. Notes: Pooled estimates using metaprop procedure, Stata. Note that because of the weighting of the studies in the random-effects models, proportion of P. falciparum and P. vivax are not adding up to 100. 
*All regions in Africa combined because of limited sample in moderate-tolow transmission areas 
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Table S12: Malaria species as assessed by PCR as risk factor for submicroscopic malaria among PCR-positive infections, IPD* 
 Pregnancy, any dataset with species 

information 
Pregnancy, datasets reporting ≥2 species Delivery, any set with species information Delivery, datasets reporting ≥2 species 

 aOR, 95% CI p value # 
Women, 
sub-
locations 

aOR, 95% CI p value # Women, 
sub-
locations 

aOR, 95% CI p value # 
Women, 
sub-
locations 

aOR, 95% CI p 
value 

# Women, 
sub-
locations 

Africa, high transmission            
P. falciparum Reference  1243, 4 Reference  1243, 4 Reference  461, 1 Reference  461, 1 
P. vivax mono-infection Insufficient data   Insufficient data   Insufficient data   Insufficient data   
Mixed infections† 0.86, 0.32-2.30 0.76  0.86, 0.32-2.30 0.76  0.47, 0.11-1.94 0.30  0.47, 0.11-1.94 0.30  
Other mono-infections‡ 3.66, 0.80-16.67 0.09  3.66, 0.80-16.67 0.09  Insufficient data   Insufficient data   
Africa, moderate-to-low transmission            
P. falciparum Reference ¶  134, 3 Reference ¶  24, 1 Reference  294, 2 Reference  294, 2 
P. vivax mono-infection Insufficient data   Insufficient data   Insufficient data   Insufficient data   
Mixed infections† 0.48, 0.04-5.40 0.55  0.55, 0.04-7.03   0.59, 0.27-1.27 0.18  0.59, 0.27-1.27 0.18  
Other mono-infections‡ Insufficient data   Insufficient data   Insufficient data   Insufficient data   
Asia/Americas             
P. falciparum mono-infection Reference  1026, 20 Reference  969, 16 Reference  532, 13 Reference  503, 12 
P. vivax mono-infection 3.69, 2.45-5.54 <0.0001  3.45, 2.28-5.22 <0.0001  2.33, 1.31-4.15 0.0042  2.40, 1.35-4.27 0.003  
Mixed infections† 1.40, 0.88-2.22 0.16  1.43, 0.89-2.28 0.14  0.86, 0.37-1.99 0.73  0.88, 0.38-2.03 0.76  
Other mono-infections‡ 7.86, 2.92-21.15 <0.0001  7.73, 2.87-20.79 <0.0001  0.53, 0.08-3.38 0.50  0.54, 0.08-3.43 0.51  
aOR, adjusted Odds ratio. CI, confidence interval. IPD, individual participant data.  
*Submicroscopic malaria as outcome of interest, with microscopic malaria as reference group, and species as exposure as a variable with 4 categories with P. falciparum as the reference category. Models were 
adjusted for variables in the baseline model (age, gravidity, season, level of malaria transmission and 1st antenatal visit for enrolment and study design at delivery). †Mixed infections: combinations of P. falciparum, 
P. vivax, P. malariae or P. ovale.  ‡Other mono-infections: mono-infections with P. ovale or P. malariae § Comparison: P. vivax versus any other infection, univariate analyses, because of small sample size ¶ 
Pregnancy: univariate analyses because of small sample size 
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Table S13: Multivariable analyses of factors associated with submicroscopic and microscopic infections by gravidity, base model 
 Africa, high transmission 

 

Any malaria infection vs. no 
malaria Microscopic vs. no infection Submicroscopic vs. no 

infection 

Risk of submicroscopic 
infections among NAAT-

positive infections 

 aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value 
 Primigravidae N=2171 
Age (years)         
   <20 5.52, 2.17-14.07 0.0003 6.29, 2.21-17.91 0.0006 3.59, 0.79-16.26 0.10 0.57, 0.11-2.98 0.51 
   20-29 3.03, 1.19-7.73 0.0206 3.16, 1.11-9.03 0.0316 2.70, 0.59-12.27 0.20 0.85, 0.16-4.49 0.85 
   30+ years Reference  Reference  Reference  Reference  
PfPR2-10 1.04, 1.01-1.06 0.0036 1.04, 1.02-1.06 0.0010 1.02, 0.99-1.05 0.18 0.98, 0.96-1.00 0.0114 
Rainy season 1.05, 0.86-1.28 0.65 1.06, 0.86-1.31 0.59 1.01, 0.74-1.37 0.97 0.95, 0.71-1.27 0.73 
1st ANC visit 0.44, 0.22-0.89 0.0222 0.46, 0.23-0.92 0.0294 0.39, 0.18-0.85 0.0171 0.86, 0.62-1.19 0.36 
 Secundigravidae N=1798 
Age (years)         
   <20 3.12, 1.82-5.36 <0.0001 2.86, 1.59-5.13 0.0004 4.25, 1.78-10.11 0.0011 1.49, 0.61-3.66 0.38 
   20-29 1.65, 1.01-2.72 0.0471 1.42, 0.83-2.44 0.21 2.45, 1.07-5.58 0.0332 1.73, 0.72-4.12 0.22 
   30+ years Reference  Reference  Reference  Reference  
PfPR2-10 1.02, 1.00-1.05 0.10 1.04, 1.01-1.07 0.0057 1.00, 0.97-1.03 0.87 0.97, 0.95-0.98 <0.0001 
Rainy season 1.06, 0.86-1.30 0.61 1.23, 0.98-1.55 0.08 0.76, 0.57-1.01 0.06 0.62, 0.46-0.82 0.0011 
1st ANC visit 0.41, 0.19-0.87 0.0201 0.38, 0.14-1.05 0.06 0.47, 0.15-1.53 0.21 1.23, 0.86-1.75 0.26 
 Multigravidae (G3+) N=2382 
Age (years)         
   <20 1.61, 0.87-2.99 0.13 2.92, 1.49-5.72 0.0019 0.80, 0.34-1.86 0.60 0.27, 0.12-0.64 0.0028 
   20-29 1.26, 1.06-1.50 0.0086 1.61, 1.30-2.01 <0.0001 1.05, 0.86-1.28 0.66 0.65, 0.51-0.82 0.0003 
   30+ years Reference  Reference  Reference  Reference  
PfPR2-10 1.01, 0.99-1.03 0.37 1.02, 1.00-1.04 0.0167 1.00, 0.97-1.02 0.77 0.97, 0.96-0.99 <0.0001 
Rainy season 1.56, 1.24-1.95 0.0001 1.95, 1.47-2.58 <0.0001 1.27, 0.98-1.65 0.08 0.65, 0.48-0.87 0.0042 
1st ANC visit Reference   Not included  Not included  Not included  
 Africa, moderate-to-low transmission 

 

Any malaria infection vs. no 
malaria Microscopic vs. no infection Submicroscopic vs. no 

infection 

Risk of submicroscopic 
infections among NAAT-

positive infections 
 aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value 
 Primigravidae N=2605 
Age (years)         
   <20 1.06, 0.42-2.68 0.91 2.27, 0.47-10.93 0.31 0.75, 0.27-2.07 0.57 0.33, 0.06-1.69 0.18 
   20-29 0.53, 0.21-1.35 0.18 1.08, 0.22-5.21 0.92 0.39, 0.14-1.09 0.07 0.36, 0.07-1.89 0.23 
   30+ years Reference  Reference  Reference  Reference  
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PfPR2-10 0.96, 0.93-0.99 0.0126 0.96, 0.92-1.00 0.0496 0.96, 0.92-1.00 0.0345 1.00, 0.95-1.04 0.83 
Rainy season 0.94, 0.78-1.13 0.49 0.94, 0.74-1.18 0.57 0.93, 0.74-1.17 0.54 1.00, 0.76-1.31 0.98 
1st ANC visit 0.65, 0.30-1.43 0.29 0.56, 0.24-1.29 0.17 0.86, 0.35-2.12 0.74 1.54, 0.64-3.71 0.34 
 Secundigravidae N=2087 
Age (years)         
   <20 3.18, 1.62-6.25 0.0008 7.24, 1.67-31.34 0.0081 2.44, 1.17-5.09 0.0171 0.34, 0.07-1.63 0.18 
   20-29 2.09, 1.09-4.01 0.0262 4.00, 0.94-16.98 0.06 1.75, 0.87-3.53 0.12 0.44, 0.09-2.06 0.30 
   30+ years Reference  Reference  Reference  Reference  
PfPR2-10 0.98, 0.95-1.02 0.34 0.98, 0.94-1.03 0.44 0.99, 0.95-1.03 0.52 1.00, 0.96-1.05 0.88 
Rainy season 0.97, 0.79-1.20 0.81 0.97, 0.71-1.34 0.86 0.97, 0.76-1.24 0.82 1.00, 0.70-1.44 0.99 
1st ANC visit 0.61, 0.32-1.18 0.14 0.47, 0.24-0.95 0.0355 0.72, 0.34-1.53 0.39 1.52, 0.67-3.41 0.32 
 Multigravidae (G3+) N=3507 
Age (years)         
   <20 1.58, 0.87-2.86 0.13 1.27, 0.38-4.27 0.70 1.64, 0.86-3.11 0.13 1.29, 0.36-4.66 0.70 
   20-29 1.25, 1.06-1.47 0.0073 1.52, 1.14-2.04 0.0048 1.17, 0.97-1.40 0.10 0.76, 0.56-1.05 0.10 
   30+ years Reference  Reference  Reference  Reference  
PfPR2-10 0.98, 0.95-1.01 0.12 0.98, 0.94-1.02 0.32 0.98, 0.94-1.01 0.14 1.00, 0.95-1.04 0.87 
Rainy season 0.97, 0.82-1.15 0.71 0.92, 0.69-1.23 0.58 0.98, 0.81-1.18 0.83 1.06, 0.77-1.46 0.71 
1st ANC visit 1.01, 0.55-1.84 0.98 0.78, 0.40-1.53 0.47 1.12, 0.57-2.19 0.75 1.43, 0.70-2.91 0.33 
 Asia and Americas 

 

Any malaria infection vs. no 
malaria Microscopic vs. no infection Submicroscopic vs. no 

infection 

Risk of submicroscopic 
infections among NAAT-
positive infections 

 aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value 
 Primigravidae N=3894 

Age (years)         
   <20 1.46, 0.80-2.64 0.21 2.02, 0.67-6.08 0.21 1.27, 0.65-2.46 0.48 0.63, 0.19-2.11 0.45 
   20-29 1.14, 0.64-2.04 0.66 1.30, 0.44-3.87 0.63 1.11, 0.58-2.11 0.75 0.85, 0.26-2.81 0.79 
   30+ years Reference  Reference  Reference  Reference  
PfPR2-10 1.01, 0.97-1.06 0.53 1.03, 0.96-1.10 0.44 1.01, 0.96-1.06 0.66 0.98, 0.91-1.06 0.67 
Rainy season 1.06, 0.84-1.33 0.65 1.08, 0.76-1.52 0.67 1.05, 0.80-1.38 0.73 0.97, 0.65-1.46 0.89 
1st ANC visit 3.61, 1.28-10.21 0.0156 8.83, 2.37-32.93 0.0012 2.67, 0.82-8.68 0.10 0.30, 0.08-1.14 0.08 
 Secundigravidae N=2636 
Age (years)         
   <20 2.22, 1.26-3.89 0.0056 4.27, 1.33-13.71 0.0148 1.82, 0.97-3.42 0.06 0.43, 0.12-1.53 0.19 
   20-29 1.43, 0.92-2.23 0.11 1.95, 0.68-5.58 0.21 1.35, 0.84-2.18 0.22 0.69, 0.22-2.14 0.52 
   30+ years Reference  Reference  Reference  Reference  
PfPR2-10 1.06, 1.01-1.11 0.0117 1.03, 0.97-1.10 0.33 1.08, 1.02-1.15 0.0089 1.05, 0.97-1.13 0.22 
Rainy season 0.94, 0.68-1.30 0.69 1.70, 0.94-3.06 0.08 0.79, 0.55-1.14 0.21 0.47, 0.24-0.89 0.0211 
1st ANC visit 3.10, 0.95-10.12 0.06 8.54, 2.54-28.75 0.0005 1.96, 0.51-7.56 0.33 0.23, 0.07-0.72 0.0121 
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 Multigravidae (G3+) N=3538 
Age (years)         
   <20 1.63, 0.81-3.30 0.17 3.91, 1.22-12.50 0.0215 1.23, 0.53-2.84 0.63 0.31, 0.08-1.24 0.10 
   20-29 1.09, 0.87-1.35 0.46 1.54, 0.98-2.40 0.06 0.99, 0.78-1.26 0.96 0.65, 0.40-1.05 0.08 
   30+ years Reference  Reference  Reference  Reference  
PfPR2-10 1.04, 1.01-1.08 0.0165 0.99, 0.93-1.05 0.73 1.06, 1.02-1.10 0.0053 1.07, 1.00-1.15 0.06 
Rainy season 1.00, 0.78-1.28 0.98 1.47, 0.90-2.43 0.13 0.92, 0.70-1.20 0.53 0.62, 0.36-1.07 0.09 
1st ANC visit 2.05, 0.79-5.32 0.14 5.25, 1.50-18.41 0.0095 1.75, 0.61-5.04 0.30 0.33, 0.08-1.40 0.13 
ANC, antenatal clinic. aOR, adjusted Odds ratio. CI, confidence interval. G1, primigravidae. G2, secundigravidae. G3+, multigravidae 
(excluding secundigravidae). PfPR2-10, Plasmodium falciparum prevalence among children aged 2-10 years at the location and year of 
study visit, as estimated by the Malaria Atlas Project. Factors where the p-value is <0·05 are printed in bold. Note that studies in Asia 
and the Pacific were included under “Asia”; studies in central or south America were included under “Americas”. 
Notes: Results for first ANC visits may have been affected by the data available, with only one study including first ANC visits only in 
high transmission areas for which only women in their first and second pregnancy were eligible; they had a lower prevalence of malaria 
compared to the other studies in this group,. In Asia/Americas, two studies included first ANC visits only and these were conducted in 
areas with higher malaria transmission than the other studies in this group.  
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Table S14: Multivariable analyses of factors associated with submicroscopic and microscopic Plasmodium falciparum and Plasmodium 
vivax infection in Asia and America, IPD base model 

 

Any malaria infection vs. no 
malaria Microscopic vs. no infection Submicroscopic vs. no 

infection 

Risk of submicroscopic 
infections among NAAT-

positive infections 
 aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value 
 America and Asia: Plasmodium falciparum N=8192 
Age (years)         
   <20 2.15, 1.46-3.17 <0.0001 2.59, 1.42-4.74 0.0020 1.84, 1.13-2.98 0.0136 0.71, 0.34-1.49 0.37 
   20-29 1.66, 1.22-2.25 0.0011 1.65, 0.99-2.73 0.05 1.65, 1.15-2.37 0.0064 1.00, 0.55-1.83 0.99 
   30+ years Reference  Reference  Reference  Reference  
Gravidity         
   G1  1.09, 0.84-1.41 0.52 1.52, 1.01-2.29 0.0435 0.88, 0.64-1.22 0.45 0.58, 0.35-0.95 0.0307 
   G2   1.00, 0.76-1.32 1.00 1.19, 0.76-1.88 0.45 0.91, 0.66-1.27 0.59 0.77, 0.45-1.31 0.33 
   G1 /G2* 1.05, 0.83-1.33 0.69 1.39, 0.95-2.04 0.09 0.90, 0.67-1.19 0.45 0.65, 0.41-1.02 0.06 
   G3+  Reference  Reference  Reference  Reference  
PfPR2-10 1.02, 0.98-1.06 0.26 0.95, 0.89-1.00 0.07 1.06, 1.01-1.12 0.0230 1.12, 1.04-1.21 0.0043 
Rainy season 1.28, 1.04-1.57 0.0197 1.40, 1.03-1.89 0.0293 1.19, 0.91-1.54 0.20 0.85, 0.58-1.24 0.39 
1st ANC visit 4.76, 1.78-12.70 0.0019 14.08, 2.01-98.84 0.0078 3.71, 1.30-10.54 0.0140 0.26, 0.03-2.32 0.23 
America vs. Asia 0.85, 0.30-2.37 0.75 0.46, 0.05-4.04 0.48 1.09, 0.36-3.29 0.88 2.37, 0.21-26.36 0.48 
 America and Asia: Plasmodium vivax N=7905 
Age (years)         
   <20 1.45, 0.88-2.38 0.15 2.15, 0.58-8.04 0.26 1.35, 0.79-2.31 0.27 0.63, 0.15-2.57 0.52 
   20-29 1.15, 0.80-1.64 0.45 2.34, 0.91-6.02 0.08 1.01, 0.69-1.48 0.96 0.43, 0.16-1.19 0.10 
   30+ years Reference  Reference  Reference  Reference  
Gravidity         
   G1  0.71, 0.50-1.01 0.06 0.54, 0.24-1.20 0.10 0.76, 0.51-1.12 0.16 1.40, 0.58-3.36 0.45 
   G2   0.87, 0.61-1.24 0.45 0.54, 0.22-1.29 0.17 0.96, 0.65-1.41 0.84 1.78, 0.69-4.59 0.23 
   G1 /G2* 0.78, 0.58-1.07 0.12 0.54, 0.27-1.09 0.09 0.85, 0.61-1.19 0.35 1.57, 0.73-3.40 0.25 
   G3+  Reference  Reference  Reference  Reference  
PfPR2-10 1.05, 0.98-1.12 0.18 1.06, 0.95-1.18 0.32 1.04, 0.97-1.12 0.22 0.99, 0.89-1.10 0.81 
Rainy season 0.97, 0.73-1.27 0.80 0.96, 0.50-1.84 0.90 0.97, 0.72-1.30 0.83 1.01, 0.50-2.06 0.98 
1st ANC visit 2.17, 0.57-8.30 0.26 5.30, 0.95-29.38 0.20 1.85, 0.45-7.54 0.39 0.35, 0.08-1.44 0.15 
America vs. Asia 1.93, 0.50-7.51 0.34 4.30, 0.68-27.37 0.12 1.55, 0.36-6.67 0.55 0.35, 0.08-1.44  0.23 
OR, adjusted Odds ratio. CI, confidence interval. G1, primigravidae. G2, secundigravidae. G3+, multigravidae (excluding secundigravidae). PfPR2-10, 
Plasmodium falciparum prevalence among children aged 2-10 years at the location and year of study visit, as estimated by the Malaria Atlas Project. 
Factors where the p-value is <0·05 are printed in bold. Note that studies in Asia and the Pacific were included under “Asia”; studies in central or south 
America were included under “Americas”. *The line for combination of G1 and G2 was added to allow the assessment of the effect size of the combination 
of these groups, using the same reference group (G3+) and the same base model. Note that this estimate is from a separate model. 
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Table S15: Multivariable analyses of factors associated with submicroscopic and microscopic malaria infections in pregnancy by region, 
first ANC visits only, IPD base model 

 Africa, high transmission level*, first ANC visits 

 Any malaria infection vs. no malaria Microscopic vs. no malaria Submicroscopic vs. no malaria Risk of submicroscopic infections 
among NAAT-positive infections 

 N=2130 31·6% of available data, 3 sublocations† 
  aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value 
Age (years)          
   <20  2.10, 1.20-3.69 0.0094 1.95, 1.07-3.54 0.0290 2.73, 1.01-7.41 0.0479 1.40, 0.50-3.92 0.52 
   20-29  1.09, 0.64-1.87 0.74 0.93, 0.53-1.66 0.81 1.77, 0.68-4.63 0.25 1.89, 0.70-5.14 0.21 
   30+ years  Reference  Reference  Reference  Reference  
Gravidity         
   G1   1.45, 1.19-1.78 0.0002 1.76, 1.42-2.18 <0.0001 0.84, 0.61-1.14 0.25 0.48, 0.35-0.65 <0.0001 
   G2    Reference  Reference  Reference  Reference  
   G3+   Not present  Not present  Not present  Not present  
PfPR2-10*  Not included‡  Not included‡  Not included‡  Not included‡  
Rainy vs. dry season  0.92, 0.77-1.10 0.35 0.97, 0.80-1.17 0.74 0.78, 0.60-1.02 0.07 0.81, 0.62-1.06 0.12 
 Africa, Moderate and low transmission level*, first ANC visits 

 Any malaria infection vs. no malaria Microscopic vs. no malaria Submicroscopic vs. no malaria Risk of submicroscopic infections 
among NAAT-positive infections 

 N=2982 35·7% of available data, 10 sublocations† 
  aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value 
Age (years)          
   <20  2.07, 1.43-3.01 0.0001 2.53, 1.31-4.90 0.0058 1.93, 1.28-2.90 0.0017 0.72, 0.36-1.47 0.37 
   20-29  1.19, 0.89-1.60 0.24 1.29, 0.73-2.29 0.38 1.17, 0.85-1.61 0.33 0.89, 0.49-1.63 0.71 
   30+ years  Reference  Reference  Reference  Reference  
Gravidity         
   G1   1.18, 0.70-1.97 0.54 2.07, 1.06-4.05 0.0324 0.97, 0.56-1.69 0.92 0.43, 0.24-0.77 0.0048 
   G2    0.83, 0.50-1.36 0.45 0.98, 0.51-1.87 0.95 0.83, 0.49-1.40 0.48 0.77, 0.44-1.33 0.35 
   G3+   Reference  Reference  Reference  Reference  
PfPR2-10  0.94, 0.91-0.98 0.0019 0.94, 0.90-0.98 0.0056 0.95, 0.91-0.98 0.0059 1.01, 0.97-1.06 0.48 
Rainy vs. dry season  0.89, 0.74-1.07 0.21 0.99, 0.76-1.30 0.96 0.84, 0.69-1.04 0.10 0.91, 0.68-1.20 0.50 
 Asia, first ANC visits (none in Americas) 

 Any malaria infection vs. no malaria Microscopic vs. no malaria Submicroscopic vs. no malaria Risk of submicroscopic infections 
among NAAT-positive infections 

 N=2516 24·4% of available data, 5 sublocations† 
  aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value 
Age (years)          
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   <20  2.11, 1.57-2.84 <0.0001 2.60, 1.37-4.93 0.0034 1.44, 0.82-2.53 0.21 0.55, 0.26-1.17 0.12 
   20-29  1.16, 0.90-1.50 0.26 1.58, 0.93-2.68 0.09 1.21, 0.78-1.85 0.39 0.76, 0.42-1.39 0.38 
   30+ years  Reference  Reference  Reference  Reference  
Gravidity          
   G1  1.27, 0.79-2.03 0.32 1.50, 0.97-2.32 0.07 1.15, 0.78-1.70 0.48 0.77, 0.46-1.27 0.30 
   G2  0.88, 0.55-1.39 0.58 1.32, 0.81-2.16 0.26 1.41, 0.93-2.14 0.10 1.07, 0.61-1.86 0.82 
   G3+  Reference  Reference  Reference  Reference  
PfPR2-10*  Not included  Not included  Not included  Not included  
Rainy vs· dry season  0.95, 0.84-1.07 0.38 1.18, 0.87-1.59 0.29 1.38, 1.04-1.82 0.0236 1.17, 0.82-1.68 0.39 
ANC, antenatal clinic. aOR, adjusted Odds ratio. CI, confidence interval. G1, primigravidae. G2, secundigravidae. G3+, multigravidae (excluding secundigravidae). Available data: number of participants 
with an outcome on submicroscopic, microscopic and no malaria. Factors where the p-value is <0·05 are printed in bold. Note that studies in Asia and the Pacific were included under “Asia”.  
*Transmission level: Africa, high transmission: PfPR2-10 ≥35%; Africa, moderate-to-low transmission: PfPR2-10 <35%: only 1 study (two sublocations) PfPR2-10 <10%. In the model for America/Asia, PfPR2-10 

was included as a continuous variable in the models. In the high transmission area in Africa, PfPR2-10 was not included because of non-convergence of the models; there were 3 sublocations with PfPR2-10 

range of 47-63%. In Asia, PfPR2-10 was not included because of the limited range of PfPR2-10 (0-4%) with only 174 participants when PfPR2-10 in the range of 2-4%, leading to distortion of results (e.g., for 
submicroscopic malaria vs. no malaria the aOR was 0.59, 0.45-0.78, suggesting a jump of 41% in odds for every percentage increase of PfPR2-10 which is improbable). Removal of PfPR2-10 did not lead to 
meaningful differences for the estimates of the other co-variates. †Available data (data with information on microscopic, submicroscopic and no malaria): Africa, high transmission areas N=6746, 9 
sublocations (microscopic 2455, submicroscopic 1406, no malaria infections 2885); Africa, moderate-to-low transmission areas N=8350, 25 sublocations (microscopic 949, submicroscopic 1858, no 
malaria infection 5543); Americas/Asia N=10,305, 23 sublocations (microscopic 373, submicroscopic 919, no malaria infection 9013).   
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Table S16: Multivariable models by region to assess the effect of inclusion of the variable “Gestational age” into the analyses of 
submicroscopic and microscopic malaria infections, IPD 

 Africa, high transmission level, gestational age as co-variate, N=6371 
 Submicroscopic vs. no infection Microscopic vs. no infection Submicroscopic vs. microscopic infection 

 Base model 
Base model + factor of 
interest Base model 

Base model + factor of 
interest Base model 

Base model + factor of 
interest 

 aOR, 95% CI p-value aOR, 95% CI 
p-
value aOR, 95% CI p-value aOR, 95% CI 

p-
value aOR, 95% CI 

p-
value aOR, 95% CI 

p-
value 

Age (years)             
   <20 2.00, 1.41-2.84 0.0001 2.00, 1.41-2.84 0.0001 4.50, 3.16-6.39 <0.0001 4.49, 3.16-6.39 <0.0001 0.44, 0.30-0.67 0.0001 0.45, 0.30-0.67 0.0001 
   20-24 1.44, 1.07-1.93 0.0161 1.44, 1.07-1.93 0.0161 2.40, 1.74-3.33 <0.0001 2.40, 1.74-3.32 <0.0001 0.60, 0.42-0.86 0.0054 0.60, 0.42-0.86 0.0055 
   25-29 1.33, 1.00-1.77 0.05 1.33, 1.00-1.77 0.05 1.71, 1.24-2.36 0.0011 1.71, 1.24-2.36 0.0011 0.78, 0.54-1.11 0.16 0.78, 0.54-1.11 0.17 
   30-34 1.37, 1.01-1.85 0.0400 1.37, 1.01-1.85 0.0400 1.37, 0.97-1.94 0.07 1.37, 0.97-1.94 0.07 1.00, 0.68-1.46 0.99 1.00, 0.68-1.46 0.99 
   35+ years Reference  Reference  Reference  Reference  Reference  Reference  
Gravidity             
   G1  0.62, 0.48-0.81 0.0004 0.62, 0.48-0.81 0.0004 1.60, 1.29-1.99 <0.0001 1.60, 1.29-1.99 <0.0001 0.39, 0.30-0.51 <0.0001 0.39, 0.30-0.51 <0.0001 
   G2   0.71, 0.57-0.88 0.0018 0.71, 0.57-0.88 0.0018 1.09, 0.89-1.32 0.40 1.09, 0.89-1.32 0.40 0.65, 0.52-0.81 0.0002 0.65, 0.52-0.81 0.0002 
   G3+  Reference  Reference  Reference  Reference  Reference  Reference  
Rainy season 1.02, 0.87-1.20 0.79 1.02, 0.87-1.20 0.79 1.28, 1.12-1.46 0.0004 1.28, 1.12-1.46 0.0004 0.80, 0.68-0.94 0.0085 0.80, 0.68-0.94 0.0084 
1st ANC visit 0.48, 0.24-0.97 0.0394 0.48, 0.24-0.97 0.0394 0.60, 0.28-1.26 0.17 0.60, 0.29-1.25 0.17 0.81, 0.57-1.15 0.24 0.81, 0.57-1.14 0.23 
Gestational age 
(weeks) Not included  1.00, 0.99-1.01 0.84 Not included  1.00, 0.99-1.01 0.55 Not included  1.00, 0.99-1.02 0.75 
 Africa, moderate-to-low transmission level, gestational age as co-variate, N=7364 
 Submicroscopic vs. no infection Microscopic vs. no infection Submicroscopic vs. microscopic infection 

 Base model 
Base model + factor of 
interest Base model 

Base model + factor of 
interest Base model 

Base model + factor of 
interest 

 aOR, 95% CI p-value aOR, 95% CI 
p-
value aOR, 95% CI 

p-
value aOR, 95% CI 

p-
value aOR, 95% CI 

p-
value aOR, 95% CI 

p-
value 

Age (years)             
   <20 2.08, 1.51-2.89 <0.0001 2.09, 1.51-2.89 <0.0001 4.47, 2.69-7.43 <0.0001 4.50, 2.71-7.48 <0.0001 0.47, 0.27-0.81 0.0072 0.46, 0.27-0.81 0.0068 
   20-24 1.29, 0.97-1.72 0.08 1.29, 0.96-1.72 0.09 2.34, 1.45-3.78 0.0005 2.33, 1.45-3.77 0.0005 0.55, 0.33-0.93 0.0254 0.55, 0.33-0.93 0.0256 
   25-29 1.18, 0.89-1.55 0.25 1.17, 0.89-1.54 0.25 1.65, 1.03-2.63 0.0373 1.64, 1.03-2.62 0.0385 0.71, 0.43-1.19 0.20 0.72, 0.43-1.19 0.20 
   30-34 1.08, 0.81-1.45 0.61 1.08, 0.81-1.45 0.60 1.22, 0.73-2.03 0.44 1.22, 0.73-2.04 0.44 0.88, 0.51-1.54 0.66 0.89, 0.51-1.54 0.67 
   35+ years Reference  Reference  Reference  Reference  Reference  Reference  
Gravidity             
   G1  1.06, 0.85-1.33 0.59 1.07, 0.85-1.34 0.56 1.89, 1.42-2.52 <0.0001 1.91, 1.43-2.54 <0.0001 0.56, 0.41-0.78 0.0005 0.56, 0.40-0.78 0.0005 
   G2   1.02, 0.84-1.25 0.81 1.03, 0.85-1.26 0.76 1.14, 0.87-1.51 0.34 1.16, 0.88-1.52 0.30 0.90, 0.66-1.22 0.48 0.89, 0.66-1.21 0.47 
   G3+  Reference  Reference  Reference  Reference  Reference  Reference  
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Rainy season 1.00, 0.88-1.14 1.00 1.00, 0.87-1.14 0.94 0.97, 0.82-1.15 0.72 0.97, 0.82-1.14 0.68 1.03, 0.85-1.24 0.75 1.03, 0.85-1.24 0.76 
1st ANC visit 0.89, 0.47-1.69 0.72 0.88, 0.47-1.64 0.68 0.67, 0.37-1.23 0.20 0.66, 0.36-1.21 0.18 1.32, 0.71-2.47 0.38 1.33, 0.71-2.50 0.38 
Gestational age 
(weeks) Not included  0.98, 0.97-0.99 0.0074 Not included  0.97, 0.96-0.99 0.0052 Not included  1.01, 0.98-1.03 0.63 
 Americas and Asia, gestational age as co-variate, N=9901 
 Submicroscopic vs. no infection Microscopic vs. no infection Submicroscopic vs. microscopic infection 

 Base model 
Base model + factor of 
interest Base model 

Base model + factor of 
interest Base model 

Base model + factor of 
interest 

 aOR, 95% CI 
p-
value aOR, 95% CI 

p-
value aOR, 95% CI 

p-
value aOR, 95% CI 

p-
value aOR, 95% CI 

p-
value aOR, 95% CI 

p-
value 

Age (years)             
   <20 1.52, 1.05-2.19 0.0250 1.52, 1.05-2.19 0.0248 4.71, 2.16-10.24 0.0001 4.73, 2.17-10.28 0.0001 0.32, 0.14-0.74 0.0075 0.32, 0.14-0.74 0.0073 
   20-24 1.34, 0.98-1.84 0.07 1.34, 0.98-1.84 0.07 3.23, 1.54-6.77 0.0019 3.25, 1.55-6.81 0.0018 0.42, 0.19-0.91 0.0272 0.41, 0.19-0.90 0.0259 
   25-29 1.12, 0.83-1.52 0.46 1.12, 0.83-1.52 0.47 2.36, 1.14-4.90 0.0214 2.37, 1.14-4.92 0.0206 0.47, 0.22-1.02 0.06 0.47, 0.22-1.02 0.06 
   30-34 1.12, 0.82-1.54 0.47 1.12, 0.82-1.54 0.47 1.99, 0.92-4.27 0.08 1.98, 0.92-4.27 0.08 0.56, 0.25-1.26 0.16 0.57, 0.25-1.26 0.16 
   35+ years Reference  Reference  Reference  Reference  Reference  Reference  
Gravidity             
   G1  0.80, 0.64-0.99 0.0437 0.80, 0.64-0.99 0.0445 1.02, 0.72-1.44 0.92 1.00, 0.71-1.42 0.98 0.78, 0.53-1.15 0.21 0.80, 0.54-1.17 0.24 
   G2   0.93, 0.75-1.14 0.46 0.93, 0.75-1.14 0.46 0.92, 0.64-1.30 0.63 0.91, 0.64-1.29 0.59 1.01, 0.68-1.49 0.97 1.02, 0.69-1.50 0.93 
   G3+  Reference  Reference  Reference  Reference  Reference  Reference  
Rainy season 0.97, 0.82-1.15 0.70 0.97, 0.82-1.15 0.70 1.25, 0.96-1.63 0.09 1.26, 0.97-1.63 0.09 0.77, 0.58-1.04 0.08 0.77, 0.58-1.03 0.08 
PfPR2-10 1.06, 1.03-1.09 0.0004 1.06, 1.03-1.09 0.0004 1.00, 0.96-1.04 0.97 1.00, 0.96-1.04 0.96 1.07, 1.01-1.12 0.0159 1.07, 1.01-1.12 0.0155 
1st ANC visit 1.77, 0.44-7.04 0.42 1.77, 0.44-7.03 0.42 10.66, 2.18-52.13 0.0035 10.51, 2.16-51.22 0.0036 0.14, 0.02-0.85 0.0327 0.14, 0.02-0.85 0.0326 
Americas vs. Asia 0.66, 0.20-2.15 0.49 0.66, 0.20-2.15 0.49 1.36, 0.34-5.49 0.67 1.32, 0.33-5.34 0.69 0.40, 0.08-2.00 0.27 0.41, 0.08-2.04 0.28 
Gestational age 
(weeks) Not included  1.00, 0.99-1.01 0.99 Not included  0.99, 0.97-1.01 0.16 Not included  1.01, 0.99-1.04 0.22 

 

  



Van Eijk et al Supplement sMIP IPD-meta (03apr23)_suppl_no_tc 

42 
 

Table S17: Multivariable models in Africa to assess the effect of inclusion of the variable “HIV infection” into the analyses of 
submicroscopic and microscopic malaria infections, IPD 

 Africa, high transmission level, HIV-infection as co-variate, N=3969 
 Submicroscopic vs. no infection Microscopic vs. no infection Submicroscopic vs. microscopic infection 

 Base model 
Base model + factor of 
interest Base model 

Base model + factor of 
interest Base model 

Base model + factor of 
interest 

 aOR, 95% CI 
p-
value aOR, 95% CI 

p-
value aOR, 95% CI p-value aOR, 95% CI 

p-
value aOR, 95% CI 

p-
value aOR, 95% CI 

p-
value 

Age (years)             
   <20 2·09, 1·28-3·43 0·0034 2·17, 1·32-3·56 0·0022 4·28, 2·60-7·07 <0·0001 4·52, 2·74-7·49 <0·0001 0·49, 0·28-0·86 0·0123 0·48, 0·28-0·84 0·0105 
   20-24 1·42, 0·92-2·20 0·12 1·46, 0·94-2·27 0·09 2·18, 1·36-3·50 0·0013 2·28, 1·42-3·68 0·0007 0·65, 0·39-1·09 0·10 0·64, 0·39-1·08 0·09 
   25-29 1·25, 0·81-1·94 0·31 1·28, 0·83-1·98 0·26 1·63, 1·02-2·63 0·0428 1·69, 1·05-2·72 0·0313 0·77, 0·46-1·28 0·31 0·76, 0·45-1·27 0·29 
   30-34 1·57, 1·00-2·46 0·05 1·61, 1·02-2·53 0·0400 1·45, 0·87-2·40 0·15 1·50, 0·90-2·50 0·12 1·08, 0·63-1·85 0·77 1·07, 0·63-1·83 0·81 
   35+ years Reference  Reference  Reference  Reference  Reference  Reference  
Gravidity             
   G1  0·67, 0·47-0·95 0·0256 0·67, 0·47-0·95 0·0265 1·80, 1·32-2·44 0·0002 1·81, 1·33-2·45 0·0002 0·37, 0·26-0·52 <0·0001 0·37, 0·26-0·52 <0·0001 
   G2   0.76, 0.56-1.03 0.08 0.76, 0.56-1.03 0.08 1·14, 0·86-1·51 0·37 1·14, 0·86-1·51 0·35 0·66, 0·49-0·89 0·0069 0·66, 0·49-0·89 0·0066 
   G3+  Reference  Reference  Reference  Reference  Reference  Reference  
Rainy season 0·70, 0·56-0·87 0·0012 0·70, 0·56-0·87 0·0012 0·92, 0·78-1·09 0·35 0·92, 0·78-1·09 0·35 0·75, 0·61-0·93 0·0082 0·75, 0·61-0·93 0·0084 
1st ANC visit 0.30, 0.16-0.55  0.0001 0.30, 0.16-0.58  0.0003 0·42, 0·19-0·96 0·0392 0·44, 0·19-1·03 0·06 0·79, 0·51-1·24 0·31 0·78, 0·50-1·24 0·30 
HIV infection Not included  1·52, 0·97-2·38 0·07 Not included  1·90, 1·22-2·96 0·0047 Not included  0·80, 0·50-1·27 0·34 
 Africa, moderate-to-low transmission level, HIV-infection as co-variate, N=7569 
 Submicroscopic vs. no infection Microscopic vs. no infection Submicroscopic vs. microscopic infection 

 Base model 
Base model + factor of 
interest Base model 

Base model + factor of 
interest Base model 

Base model + factor of 
interest 

 aOR, 95% CI 
p-
value aOR, 95% CI 

p-
value aOR, 95% CI p-value aOR, 95% CI 

p-
value aOR, 95% CI 

p-
value aOR, 95% CI 

p-
value 

Age (years)             
   <20 2·24, 1·62-3·09 <0·0001 2·23, 1·62-3·08 <0·0001 4·41, 2·66-7·32 <0·0001 4·50, 2·71-7·48 <0·0001 0·51, 0·29-0·88 0·0168 0·50, 0·28-0·87 0·0135 
   20-24 1·36, 1·02-1·82 0·0356 1·36, 1·02-1·81 0·0366 2·26, 1·40-3·64 0·0009 2·29, 1·42-3·69 0·0007 0·60, 0·36-1·02 0·06 0·59, 0·35-1·00 0·05 
   25-29 1·17, 0·89-1·53 0·26 1·17, 0·89-1·53 0·26 1·49, 0·93-2·39 0·10 1·49, 0·93-2·38 0·10 0·78, 0·47-1.31 0·35 0·79, 0·47-1.31 0·36 
   30-34 1·12, 0·84-1·50 0·44 1·12, 0·84-1·50 0·44 1·18, 0·71-1·97 0·52 1·17, 0·70-1·95 0·56 0·95, 0·55-1·65 0·85 0·96, 0·55-1·68 0·89 
   35+ years Reference  Reference  Reference  Reference  Reference  Reference  
Gravidity             
   G1  1·16, 0·93-1·45 0·18 1·16, 0·93-1·45 0·19 2·10, 1·57-2·80 <0·0001 2·12, 1·59-2·84 <0·0001 0·55, 0·40-0·77 0·0004 0·55, 0·39-0·76 0·0003 
   G2   1·07, 0·88-1·29 0·52 1·06, 0·88-1·29 0·53 1·21, 0·92-1·60 0·17 1·23, 0·93-1·62 0·15 0·88, 0·65-1·19 0·40 0·87, 0·64-1·18 0·37 
   G3+  Reference  Reference  Reference  Reference  Reference  Reference  
Rainy season 0·94, 0·82-1·06 0·31 0·94, 0·82-1·06 0·31 0·93, 0·79-1·09 0·37 0·94, 0·79-1·10 0·42 1·01, 0·84-1.21 0·93 1·00, 0·83-1.20 0·99 
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1st ANC visit 0·80, 0·41-1·56 0·52 0·80, 0·41-1·56 0·51 0·63, 0·34-1·18 0·15 0·70, 0·36-1·34 0·28 1·26, 0·67-2·40 0·47 1·14, 0·56-2·32 0·71 
HIV infection Not included  0·95, 0·64-1·43 0·82 Not included  1·78, 1·07-2·95 0·0262 Not included  0·54, 0·30-0·97 0·0396 
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Table S18: Multivariable models in Africa to assess the effect of inclusion of the variable “Antimalarial use” into the analyses of 
submicroscopic and microscopic malaria infections, IPD 

 Africa, high transmission level, antimalarial use as co-variate, N=1347 
 Submicroscopic vs. no infection Microscopic vs. no infection Submicroscopic vs. microscopic infection 

 Base model 
Base model + factor of 
interest Base model 

Base model + factor of 
interest Base model 

Base model + factor of 
interest 

 aOR, 95% CI 
p-
value aOR, 95% CI 

p-
value aOR, 95% CI p-value aOR, 95% CI 

p-
value aOR, 95% CI 

p-
value aOR, 95% CI p-value 

Age (years)             
   <20 1·52, 0·81-2·84 0·19 1·55, 0·82-2·95 0·18 3·68, 2·04-6·62 <0·0001 3·47, 1·92-6·28 <0·0001 0·42, 0·24-0·72 0·0015 0·45, 0·26-0·79 0·0049 
   20-29 1·44, 1·01-2·05 0·0434 1·43, 1·00-2·05 0·0474 2·16, 1·47-3·17 0·0001 2·08, 1·41-3·07 0·0002 0·67, 0·47-0·96 0·0282 0·69, 0·48-0·99 0·0452 
   30+ years Reference  Reference  Reference  Reference  Reference  Reference  
Gravidity             
   G1  0·67, 0·40-1·12 0·13 0·65, 0·39-1·10 0·11 1·97, 1·24-3·13 0·0039 1·98, 1·24-3·17 0·0042 0·34, 0·22-0·52 <0·0001 0·33, 0·21-0·51 <0·0001 
   G2   0.68, 0.45-1.02 0.06 0.65, 0.43-0.99 0.0430 1·34, 0·92-2·00 0·13 1·30, 0·88-1·94 0·19 0·50, 0·35-0·72 0·0002 0·50, 0·34-0·71 0·0002 
   G3+  Reference  Reference  Reference  Reference  Reference  Reference  
Rainy season 0·60, 0·41-0·89 0·0103 0·55, 0·36-0·88 0·0043 0·69, 0·47-1·03 0·07 0·68, 0·46-1·00 0·05 0·86, 0·64-1·16 0·33 0·78, 0·57-1·08 0·13 
Antimalarial use Not included  0·56, 0·36-0·88 0·0114 Not included  0·27, 0·18-0·40 <0·0001 Not included  2·08, 1·42-3·05 0·0002 
Notes: Because of non-convergence of the model, age was collapsed from 5 into 3 categories. The variable “First ANC visit” was not included; all involved studies included women at any ANC visit, or it was 
unknown.  
 Africa, moderate-to-low transmission level, antimalarial use as co-variate, N=1479 
 Submicroscopic vs. no infection Microscopic vs. no infection Submicroscopic vs. microscopic infection 

 Base model 
Base model + factor of 
interest Base model 

Base model + factor of 
interest Base model 

Base model + factor of 
interest 

 aOR, 95% CI 
p-
value aOR, 95% CI 

p-
value aOR, 95% CI p-value aOR, 95% CI 

p-
value aOR, 95% CI 

p-
value aOR, 95% CI p-value 

Age (years)             
   <20 2.57,1.53-4.31 0.0004 2.44, 1.45-4.11 0.0008 1.94,0.87-4.33 0.11 1.95, 0.87-4.36 0.11 1.32, 0.53-3.32 0.55 1.26, 0.50-3.16 0.63 
   20-29 1.14,0.79-1.64 0.49 1.12, 0.78-1.62 0.54 1.44,0.72-2.88 0.30 1.44, 0.72-2.87 0.31 0.79, 0.37-1.68 0.54 0.78, 0.37-1.67 0.52 
   30+ years   Reference    Reference  Reference  Reference  
Primigravidae  0.77,0.54-1.11 0.17 0.79, 0.55-1.14 0.20 1.54,0.93-2.56 0.09 1.54, 0.93-2.54 0.10 0.50, 0.28-0.90 0.0210 0.51, 0.29-0.93 0.0266 
Rainy season 1.44,1.05-1.98 0.0227 1.44, 1.05-1.97 0.0245 0.61,0.40-0.93 0.0210 0.61, 0.40-0.93 0.0227 2.37, 1.44-3.93 0.0008 2.35, 1.42-3.89 0.0009 
Antimalarial use Not included  0.45, 0.27-0.76 0.0027 Not included  1.12, 0.68-1.86 0.65 Not included  0.40, 0.20-0.81 0.0105 
Notes: Because of non-convergence of the models, age was collapsed from 5 into 3 categories and gravidity into two (primigravidae versus multigravidae). The variable “First ANC visit” was not included; all 
involved studies included women at any ANC visit, or it was unknown. 
 Americas and Asia, antimalarial use as co-variate, N=5407 
 Submicroscopic vs. no infection Microscopic vs. no infection Submicroscopic vs. microscopic infection 
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 Base model 
Base model + factor of 
interest Base model 

Base model + factor of 
interest Base model 

Base model + factor of 
interest 

 aOR, 95% CI 
p-
value aOR, 95% CI 

p-
value aOR, 95% CI 

p-
value aOR, 95% CI 

p-
value aOR, 95% CI 

p-
value aOR, 95% CI 

p-
value 

Age (years)             
   <20 1.24, 0.76-2.03 0.39 1.24, 0.76-2.04 0.38 5.83, 2.28-14.90 0.0002 5.86, 2.29-14.97 0.0002 0.21, 0.08-0.58 0.0026 0.21, 0.08-0.58 0.0026 
   20-24 1.18, 0.76-1.84 0.45 1.19, 0.76-1.84 0.45 3.52, 1.42-8.70 0.0064 3.51, 1.42-8.67 0.0065 0.34, 0.13-0.88 0.0258 0.34, 0.13-0.88 0.0263 
   25-29 0.84, 0.54-1.29 0.42 0.84, 0.54-1.29 0.42 2.91, 1.20-7.07 0.0185 2.90, 1.20-7.05 0.0186 0.29, 0.11-0.74 0.0094 0.29, 0.11-0.74 0.0095 
   30-34 0.92, 0.58-1.46 0.73 0.92, 0.58-1.45 0.71 2.56, 1.02-6.44 0.0460 2.54, 1.01-6.38 0.0480 0.36, 0.14-0.96 0.0412 0.36, 0.14-0.96 0.0419 
   35+ years Reference  Reference  Reference  Reference  Reference  Reference  
Gravidity             
   G1  0.88, 0.65-1.18 0.38 0.87, 0.65-1.17 0.37 1.08, 0.72-1.61 0.72 1.07, 0.72-1.59 0.75 0.81, 0.52-1.28 0.37 0.82, 0.52-1.29 0.39 
   G2   1.15, 0.86-1.53 0.34 1.15, 0.86-1.53 0.35 1.11, 0.74-1.67 0.61 1.11, 0.74-1.66 0.63 1.03, 0.65-1.63 0.89 1.04, 0.66-1.64 0.88 
   G3+  Reference  Reference  Reference  Reference  Reference  Reference  
Rainy season 1.10, 0.88-1.36 0.40 1.10, 0.89-1.36 0.39 1.12, 0.84-1.49 0.43 1.12, 0.85-1.49 0.42 0.98, 0.71-1.35 0.90 0.98, 0.71-1.35 0.89 
PfPR2-10 0.60, 0.43-0.85 0.0036 0.60, 0.43-0.85 0.0036 0.71, 0.51-1.00 0.0473 0.71, 0.51-1.00 0.0470 0.85, 0.53-1.36 0.50 0.85, 0.53-1.36 0.50 
1st ANC visit 2.45, 0.48-12.49 0.28 2.41, 0.48-12.24 0.29 5.72, 0.72-45.28 0.10 5.56, 0.71-43.65 0.10 0.43, 0.04-4.68 0.49 0.43, 0.04-4.77 0.49 
Americas vs. Asia 0.60, 0.14-2.54 0.48 0.58, 0.14-2.47 0.46 0.53, 0.08-3.43 0.51 0.51, 0.08-3.27 0.48 1.12, 0.13-9.81 0.92 1.14, 0.13-10.04 0.90 
Antimalarial use Not included  1.19, 0.81-1.74 0.38 Not included  1.35, 0.87-2.08 0.18 Not included  0.88, 0.53-1.47 0.62 
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Table S19: Delivery: Multivariable analyses of factors associated with submicroscopic and microscopic malaria infections peripheral 
blood, IPD: Base model and variables of interest with limited sample size 

  Africa, high transmission*, delivery, maternal peripheral blood 

 
 Any malaria infection vs. no 

malaria Microscopic vs. no malaria Submicroscopic vs. no malaria Risk of submicroscopic infections 
among NAAT-positive infections 

  Base model N=4599, 92.4% of available data, 9 sublocations† 

  aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value 
Age (years)          
   <20  1.33, 1.01-1.76 0.0446 1.63, 1.09-2.46 0.0184 1.15, 0.83-1.61 0.41 0.70, 0.44-1.12 0.14 
   20-29  1.10, 0.90-1.35 0.35 1.29, 0.94-1.78 0.11 1.03, 0.82-1.30 0.79 0.80, 0.56-1.13 0.21 
   30+ years  Reference  Reference  Reference  Reference  
Gravidity          
   G1  1.30, 1.04-1.62 0.0211 1.82, 1.32-2.50 0.0002 1.04, 0.80-1.36 0.75 0.58, 0.40-0.83 0.0031 
   G2  1.22, 0.99-1.51 0.06 1.38, 1.02-1.88 0.0390 1.18, 0.93-1.51 0.17 0.86, 0.61-1.22 0.40 
   G3+   Reference  Reference  Reference  Reference  
PfPR2-10  0.97, 0.95-0.99 0.0030 0.99, 0.96-1.02 0.54 0.96, 0.94-0.98 0.0003 0.96, 0.93-1.00 0.0454 
Rainy vs. dry season  2.42, 2.06-2.84 <0.0001 4.19, 3.25-5.40 <0.0001 1.73, 1.43-2.08 <0.0001 0.41, 0.31-0.55 <0.0001 
Survey vs. cohort/trial  0.73, 0.02-25.26 0.86 0.42, 0.01-12.11 0.61 1.01, 0.03-38.01 1.00 3.87, 0.83-17.99 0.08 

 
Available 
data (%) Base model with additional variables of interest with limited sample size 

Preterm delivery  77.1 1.08, 0.85-1.37 0.54 0.96, 0.69-1.32 0.78 1.17, 0.88-1.56 0.29 1.22, 0.85-1.76 0.28 
HIV-infection‡ 30.0 0.67, 0.22-2.02 0.48 0.28, 0.14-0.58 0.0007 0.70, 0.24-2.10 0.53 2.49, 0.70-8.84 0.16 
Rural setting‡ 28.6 1.05, 0.80-1.37 0.74 1.13, 0.77-1.65 0.54 1.05, 0.77-1.43 0.75 0.92, 0.61-1.37 0.67 
Antimalarial use  87.2 0.75, 0.57-0.98 0.0349 0.68, 0.48-0.98 0.0370 0.79, 0.57-1.10 0.16 1.16, 0.77-1.75 0.47 
ITN use likely  64.7 0.89, 0.68-1.15 0.37 0.55, 0.40-0.75 0.0002 1.27, 0.90-1.78 0.18 2.23, 1.50-3.33 0.0001 
Any net use‡ 34.7 0.88, 0.67-1.15 0.35 0.66, 0.47-0.92 0.0141 1.27, 0.92-1.75 0.15 1.97, 1.27-3.08 0.0027 

  Africa, moderate-to-low transmission*, delivery, maternal peripheral blood 

  
Any malaria infection vs. no 

malaria 
Microscopic vs. no malaria Submicroscopic vs. no malaria 

Risk of submicroscopic infections 
among NAAT-positive infections 

  Base model N=9981, 93.0% of available data, 33 sublocations† 

  aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value 
Age (years)          
   <20  1.28, 1.01-1.62 0.0421 1.71, 1.15-2.55 0.0084 1.15, 0.88-1.50 0.32 0.67, 0.43-1.04 0.08 
   20-29  0.99, 0.84-1.17 0.91 1.14, 0.84-1.54 0.41 0.95, 0.79-1.15 0.60 0.84, 0.60-1.17 0.30 
   30+ years  Reference  Reference  Reference  Reference  
Gravidity          
   G1  1.26, 1.03-1.54 0.0256 1.89, 1.38-2.59 <0.0001 1.01, 0.80-1.28 0.93 0.53, 0.37-0.76 0.0005 
   G2  1.18, 0.99-1.41 0.06 1.22, 0.91-1.64 0.19 1.12, 0.92-1.37 0.26 0.92, 0.66-1.27 0.61 
   G3+   Reference  Reference  Reference  Reference  
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PfPR2-10  1.01, 0.99-1.02 0.52 1.01, 0.99-1.04 0.31 1.00, 0.98-1.02 0.89 0.99, 0.96-1.02 0.40 
Rainy vs. dry season  1.22, 1.08-1.38 0.0018 1.49, 1.20-1.85 0.0003 1.13, 0.98-1.29 0.10 0.75, 0.59-0.96 0.0219 
Survey vs. cohort/trial  1.40, 0.64-3.07 0.39 1.67, 0.70-4.00 0.25 1.42, 0.62-3.25 0.41 0.85, 0.42-1.72 0.65 

 
Available 
data (%) Base model with additional variables of interest with limited sample size 

Preterm delivery  88.3 1.24, 1.05-1.47 0.0128 1.68, 1.27-2.21 0.0002 1.11 0.91-1.34 0.30 0.66, 0.48-0.90 0.0083 
HIV-infection 83.6 0.58, 0.41-0.82 0.0022 0.85, 0.52-1.38 0.51 0.48, 0.32-0.72 0.0005 0.56, 0.32-1.00 0.05 
Rural setting 40.7 1.36, 0.58-3.23 0.48 1.40, 0.39-5.06 0.60 1.31, 0.55-3.09 0.54 1.06, 0.33-3.46 0.92 
Antimalarial use  88.2 0.63, 0.53-0.75 <0.0001 0.65, 0.48-0.90 0.0080 0.62, 0.51-0.76 <0.0001 0.95, 0.67-1.35 0.77 
ITN use likely  79.7 0.58, 0.44-0.77 0.0002 0.65, 0.41-1.04 0.07 0.56, 0.40-0.77 0.0005 0.86, 0.50-1.48 0.59 
Any net use 53.7 0.70, 0.55-0.90 0.0051 0.64, 0.42-0.96 0.0328 0.73, 0.55-0.98 0.0364 1.15, 0.71-1.84 0.57 
  Americas and Asia, delivery, maternal peripheral blood 

 
 Any malaria infection vs. no 

malaria 
Microscopic vs. no malaria Submicroscopic vs. no malaria 

Risk of submicroscopic infections 
among NAAT-positive infections 

  Base model N=5891, 96.5% of available data, 16 sublocations† 

  aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value 
Age (years)          
   <20  2.08, 1.44-3.01 <0.0001 3.13, 1.40-6.99 0.0055 1.94, 1.29-2.90 0.0013 0.62, 0.26-1.49 0.28 
   20-29  1.47, 1.12-1.92 0.0059 2.06, 1.13-3.77 0.0188 1.35, 1.01-1.82 0.0454 0.66, 0.34-1.26 0.21 
   30+ years  Reference  Reference  Reference  Reference  
Gravidity          
   G1  0.71, 0.55-0.93 0.0111 0.54, 0.31-0.94 0.0303 0.75, 0.56-1.00 0.05 1.38, 0.75-2.52 0.30 
   G2  0.98, 0.75-1.27 0.85 1.11, 0.66-1.87 0.68 0.93, 0.69-1.24 0.62 0.83, 0.47-1.48 0.53 
   G3+   Reference  Reference  Reference  Reference  
PfPR2-10  0.98, 0.96-1.00 0.10 0.98, 0.94-1.02 0.25 0.98, 0.96-1.01 0.21 1.01, 0.96-1.05 0.75 
Rainy vs. dry season  1.06, 0.86-1.32 0.57 1.61, 1.03-2.52 0.0355 0.95, 0.75-1.20 0.65 0.59, 0.36-0.96 0.0321 
Survey vs. cohort/trial  0.14, 0.03-0.73 0.0194       
Americas vs. Asia  0.63, 0.23-1.70 0.36 0.04, 0.01-0.30 0.0019 0.44, 0.15-1.26 0.13 11.29, 1.43-89.00 0.0214 

 
Available 
data (%) Base model with additional variables of interest with limited sample size 

Preterm delivery  83.7 1.47, 1.14-1.91 0.0034 2.25, 1.33-3.81 0.0025 1.36, 1.02-1.80 0.0356 0.60, 0.34-1.07 0.08 
Rural setting 69.8 1.36, 0.98-1.88 0.07 1.82, 1.03-3.23 0.0400 1.18, 0.80-1.73 0.41 0.65, 0.33-1.27 0.21 
Antimalarial use  87.7 1.14, 0.81-1.58 0.45 1.98, 0.92-4.26 0.08 1.02, 0.71-1.48 0.91 0.52, 0.22-1.18 0.12 
Any net use 71.2 1.13, 0.85-1.51 0.39 1.25, 0.70-2.23 0.44 1.11, 0.81-1.53 0.50 0.89, 0.48-1.66 0.71 
aOR, adjusted Odds ratio. G1, primigravidae. G2, secundigravidae. G3+, multigravidae (excluding secundigravidae). ITN, insecticide treated net. IRS, indoor residual spraying. Available data: 
number of participants with an outcome on submicroscopic, microscopic and no malaria. Note: there was insufficient information about IRS to allow useful models. There was insufficient 
information on HIV in Asia/Americas. *High transmission: PfPR2-10 ≥35%. Moderate and low transmission: PfPR2-10 <35%. †Available data: Africa, high transmission N=4976, 10 sublocations 
(microscopic 511, submicroscopic 826, and no malaria infections 3639 observations). Africa, moderate-to-low transmission N=10,737 (microscopic 505, submicroscopic 1232, no malaria 
infection 9000), 36 sublocations. Asia/Americas 6,102 (microscopic 111, submicroscopic 446 and no malaria infection 5545), 16 sublocations. ‡ Africa high transmission, subgroup analysis: 
HIV infection: model with HIV infection only, non-convergence of adjusted models, very low numbers of HIV-infected women with malaria. Setting, subgroup analysis: survey and PfPR2-10 

removed because of non-convergence. Only 1 cohort study in rural area. Any net use, subgroup analysis: only univariate analysis because of non-convergence.  
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Table S20: Delivery: Multivariable analyses of factors associated with placental submicroscopic and microscopic malaria infections, IPD: 
Base model and variables of interest with limited sample size 

  Africa, high transmission level*, delivery, placental blood 

 
 Any malaria infection vs. no 

malaria Microscopic vs. no malaria Submicroscopic vs. no malaria Risk of submicroscopic infections 
among NAAT-positive infections 

  Base model N=5028, 93.3% of available data, 10 sublocations† 

  aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value 
Age (years)          
   <20  1.42, 1.09-1.86 0.0091 1.80, 1.26-2.57 0.0012 1.10, 0.79-1.54 0.56 0.61, 0.40-0.94 0.0264 
   20-29  1.17, 0.97-1.40 0.10 1.37, 1.06-1.78 0.0170 1.05, 0.85-1.30 0.67 0.76, 0.57-1.03 0.08 
   30+ years  Reference  Reference  Reference  Reference  
Gravidity  1.40, 1.14-1.73 0.0016       
   G1  0.99, 0.82-1.21 0.95 2.03, 1.54-2.66 <0.0001 0.99, 0.76-1.29 0.96 0.49, 0.35-0.68 <0.0001 
   G2  Reference  1.27, 0.98-1.65 0.07 0.81, 0.64-1.04 0.10 0.64, 0.47-0.88 0.0057 
   G3+   0.98, 0.96-1.00 0.0159 Reference  Reference  Reference  
PfPR2-10  3.04, 2.57-3.58 <0.0001 1.00, 0.97-1.03 0.93 0.97, 0.94-0.99 0.0096 0.97, 0.93-1.01 0.11 
Rainy vs. dry season  2.56, 0.92-7.07 0.07 4.18, 3.31-5.29 <0.0001 2.33, 1.89-2.86 <0.0001 0.56, 0.42-0.74 <0.0001 
Survey vs. cohort/trial  1.42, 1.09-1.86 0.0091 1.57, 0.25-9.97 0.63 2.47, 0.83-7.33 0.10 1.57, 0.21-11.90 0.66 

 
Available 
data (%) Base model with additional variables of interest with limited sample size 

Preterm delivery  78.3 1.09, 0.88-1.37 0.43 0.15, 0.88-1.49 0.31 1.00, 0.74-1.34 0.99 0.87, 0.63-1.21 0.41 
HIV-infection‡ 37.4 0.30, 0.21-0.45 <0.0001 0.78, 0.21-2.96 0.71 0.59, 0.21-1.71 0.33 0.76 0.22-2.59 0.66 
Rural setting‡ 35.3 0.88, 0.67-1.17 0.38 0.88, 0.64-1.22 0.45 0.90, 0.64-1.27 0.5 1.02, 0.71-1.46 0.92 
Antimalarial use  88.7 0.60, 0.44-0.84 0.0024 0.50, 0.34-0.75 0.0007 0.71, 0.48-1.05 0.09 1.41, 0.89-2.22 0.14 
ITN use likely  69.0 0.83, 0.67-1.02 0.07 0.67, 0.52-0.87 0.0021 1.14, 0.85-1.52 0.39 1.69, 1.20-2.39 0.0029 
Any net use 42.1 0.86, 0.69-1.07 0.18 No convergence  No convergence  No convergence  

  Africa, moderate-to-low transmission level*, delivery, placental blood 

  
Any malaria infection vs. no 

malaria 
Microscopic vs. no malaria Submicroscopic vs. no malaria 

Risk of submicroscopic infections 
among NAAT-positive infections 

  Base model N=7664, 95.2% of available data, 31 sublocations† 

  aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value 
Age (years)          
   <20  1.48, 1.12-1.95 0.0053 2.12, 1.34-3.34 0.0013 1.27, 0.93-1.74 0.14 0.60, 0.36-1.01 0.05 
   20-29  1.09, 0.89-1.34 0.39 1.34, 0.94-1.91 0.11 1.02, 0.81-1.28 0.90 0.76, 0.51-1.13 0.17 
   30+ years  Reference  Reference  Reference  Reference  
Gravidity          
   G1  1.39, 1.10-1.75 0.0053 1.80, 1.26-2.57 0.0012 1.20, 0.92-1.58 0.18 0.67, 0.45-1.00 0.05 
   G2  1.25, 1.02-1.53 0.0294 1.31, 0.95-1.82 0.10 1.20, 0.95-1.51 0.12 0.91, 0.63-1.32 0.63 
   G3+   Reference  Reference  Reference  Reference  
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PfPR2-10  1.02, 1.00-1.04 0.07 1.03, 1.00-1.06 0.0454 1.01, 0.99-1.04 0.28 0.98, 0.95-1.01 0.29 
Rainy vs. dry season  1.27, 1.10-1.45 0.0008 1.11, 0.89-1.40 0.35 1.34, 1.14-1.57 0.0003 1.21, 0.93-1.56 0.16 
Survey vs. cohort/trial  1.37, 0.57-3.30 0.48 0.90, 0.32-2.56 0.84 1.65, 0.66-4.16 0.29 1.84, 0.80-4.23 0.15 

 
Available 
data (%) Base model with additional variables of interest with limited sample size 

Preterm delivery  92.5 1.56, 1.29-1.88 <0.0001 1.85, 1.37-2.49 0.0001 1.45, 1.16-1.80 0.0009 0.78, 0.56-1.09 0.15 
HIV-infection 85.0 0.60, 0.40-0.90 0.0135 0.81, 0.48-1.37 0.43 0.52, 0.32-0.83 0.0060 0.64, 0.36-1.15 0.14 
Rural setting 48.9 1.34, 0.61-2.93 0.46 1.13, 0.37-3.45 0.83 1.52, 0.74-3.12 0.25 1.35, 0.67-2.71 0.40 
Antimalarial use  92.9 0.57, 0.46-0.69 <0.0001 0.65, 0.47-0.89 0.0073 0.53, 0.42-0.66 <0.0001 0.82, 0.57-1.18 0.28 
ITN use likely  88.4 0.70, 0.52-0.95 0.0211 0.72, 0.37-1.41 0.33 0.69, 0.49-0.95 0.0244 0.95, 0.46-1.98 0.90 
Any net use 47.5 0.89, 0.67-1.16 0.38 0.73, 0.41-1.30 0.28 0.95, 0.70-1.27 0.71 1.30, 0.69-2.45 0.41 
  Americas and Asia, delivery, placental blood 

 
 Any malaria infection vs. no 

malaria 
Microscopic vs. no malaria Submicroscopic vs. no malaria 

Risk of submicroscopic infections 
among NAAT-positive infections 

  Base model N=4888, 97.7% of available data, 18 sublocations† 
  aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value 

Age (years)          
   <20  1.11, 0.66-1.84 0.70 0.66, 0.27-1.60 0.35 1.36, 0.76-2.44 0.31 2.06, 0.74-5.74 0.17 
   20-29  1.22, 0.85-1.75 0.29 0.90, 0.48-1.69 0.74 1.36, 0.89-2.06 0.15 1.52, 0.73-3.15 0.26 
   30+ years  Reference  Reference  Reference  Reference  
Gravidity          
   G1  1.12, 0.80-1.58 0.51 1.61, 0.87-2.99 0.13 0.98, 0.66-1.46 0.94 0.61, 0.30-1.23 0.17 
   G2  1.29, 0.91-1.82 0.15 1.81, 0.97-3.38 0.06 1.14, 0.77-1.69 0.52 0.63, 0.31-1.28 0.20 
   G3+   Reference  Reference  Reference  Reference  
PfPR2-10  1.00, 0.97-1.02 0.88 0.99, 0.94-1.03 0.56 1.00, 0.97-1.04 0.82 4.30, 0.94-19.75 0.06 
Rainy vs. dry season  1.33, 1.00-1.76 0.0500 1.80, 1.11-2.92 0.0172 1.16, 0.84-1.61 0.36 0.64, 0.37-1.12 0.12 
Survey vs. cohort/trial  0.52, 0.16-1.68 0.28 0.71, 0.07-7.05 0.77 0.54, 0.16-1.90 0.34 0.23, 0.05-1.09 0.06 
Americas vs. Asia  0.45, 0.13-1.50 0.19 0.15, 0.01-2.16 0.16 0.57, 0.16-2.05 0.39 0.69, 0.07-6.61 0.75 

 
Available 
data (%) Base model with additional variables of interest with limited sample size 

Preterm delivery  84.0 1.62, 1.17-2.25 0.0038 2.14, 1.24-3.68 0.0059 1.44, 0.99-2.10 0.06 0.67, 0.36-1.24 0.21 
Rural setting 88.6 1.28, 0.91-1.79 0.16 2.07, 1.14-3.77 0.0168 1.00, 0.67-1.51 0.99 0.48, 0.24-0.99 0.0470 
Antimalarial use  92.6 1.27, 0.84-1.92 0.26 3.34, 1.39-8.01 0.0069 0.96, 0.60-1.54 0.87 0.29, 0.11-0.76 0.0119 
Any net use 89.9 1.20, 0.87-1.64 0.27 0.63, 0.36-1.10 0.11 1.50, 1.05-2.13 0.0264 2.39, 1.27-4.48 0.0069 
aOR, adjusted Odds ratio. G1, primigravidae. G2, secundigravidae. G3+, multigravidae (excluding secundigravidae). ITN, insecticide treated net. IRS, indoor residual spraying. Available 
data: number of participants with an outcome on submicroscopic, microscopic and no malaria. Note: there was insufficient information about IRS to allow useful models. There was 
Insufficient information on HIV in Asia/Americas. *High transmission: PfPR2-10 ≥35%, moderate-to-low transmission PfPR2-10 <35%. †Available data: Africa, high transmission N=5391, 
11 sublocations (microscopic 750, submicroscopic 738 and no malaria infection 3903 observations). Africa, moderate-to-low transmission N=8048 (microscopic 440, submicroscopic 
877 and no malaria infection 6731), 33 sublocations. Asia/Americas N=5001 (microscopic 97, submicroscopic 235, and no malaria infection 4669), 18 sublocations. ‡ Africa high 
transmission; HIV subgroup analyses: only age and gravidity included because of non-convergence. Setting subgroup analysis: PfPR2-10 removed because of non-convergence. 
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Table S21: Microscopy and fever results at second scheduled study visit in pregnancy after submicroscopic malaria at enrolment 
   Submicroscopic malaria at 2nd scheduled study visit Microscopic malaria at 2nd scheduled study visit No malaria at 2nd scheduled study visit 

 
N sub-
studies 

N 
women 

Pooled 
estimate*, %, 
(95% CI) 

I2, 
% 

Median (%), 
range 

Median days 
difference, range, n 

Pooled 
estimate*, 
%, (95% CI) 

I2, 
% 

Median (%), 
range 

Median days 
difference, range, 
n 

Pooled 
estimate* %, 
(95% CI) 

I2, 
% 

Median (%), 
range 

Median days 
difference, range, 
n 

Overall  20 1079 18.0 (10.6-26.6) 88.9 15.8, 0.0-56.0 49, 14-125, 277† 6.2 (2.4-11.1) 82.1 6.9, 0.0-37.7 28, 14-101, 126† 74.4 (60.9-86.1) 94.7 77.5, 13.2-100 70, 15-1147, 676† 
Asia/Americas 5 70 0.0 (0.0-2.5) 0.0 0.0, 0.0-11.1 27, 1 0.0 (0.0-1.3) 0.0 0.0, 0.0-0.0 n=0 100 (97.5-100) 0.0 100, 88.9-100 32, 22-147, 69 
Africa 15 1009 24.0 (15.8-33.1) 89.0 18.5, 7.7-56.0 50, 14-125, 276 8.8 (4.3-14.6) 84.7 8.5, 0.0-37.7 28, 14-101, 126 65.0 (50.5-78.3) 95.0 73.5, 13.2-92.3 71, 15-119, 607 

  
 
 Submicroscopic malaria and fever at 2nd scheduled study visit Microscopic malaria and fever at 2nd scheduled study visit No malaria and fever present at 2nd scheduled study visit 

Overall  7 885 1.1 (0.0-9.1) 57.7 4.1, 0.0-50.0 30, 15-93, 17† 2.2, 0-13.3 44.1 0.0, 0.0-20.0 24, 15-27, 8† 3.1, 0.0-8.9 69.0 9.5, 1.7-50.0 42, 23-98, 17† 
Asia/Americas 2 70 0.0, (0.0-98.0)  0.0    0.0  1.4, 0.0-6.9  5.8, 1.7-10.0 44, 32-55, 2 
Africa 5 815 3.8, (0.0-13.1) 65.9 5.1, 0.0-50.0 30, 15-93, 17 2.2, 0-13.3 44.1 0.0, 0.0-20.0 24, 15-27, 8 3.8, 0-12.6 77.4 9.5, 1.9-50.0 42, 23-98, 17 
Fever was defined as documented fever (<37.5 °C) or a history of fever in the past 1-7 days as per the definition used in the source studies. 
*Meta-prop procedure Stata 
†Comparing the difference in days using multinomial model (GSEM) with no malaria as reference: p=0.6352 comparing submicroscopic at 2nd visit vs. none, and p=0.3492 comparing microscopic vs. none for overall model. Among participants 
with fever at 2nd study visit: p=0.1826 and p=0.2943 comparing submicroscopic at 2nd visit vs. none, and microscopic vs. none for overall model, respectively. Comparing difference in days for submicroscopic vs. microscopic: p=0.1869 
 

Table S22: Sensitivity analysis: Comparing IPD and aggregated data for study outcomes 
 Studies contributing individual participant data Studies contributing extracted data Meta-

regression 
Median 

test†  
N sub-
studies 

N study 
participa
nts 

Pooled 
estimate*  
(%, 95% CI) 

I2, % Median, range N sub-
studies 

N study 
participant
s 

Pooled estimate*  
(%, 95% CI) 

I2, % Median p-value p-value 

Pregnancy                 
Submicroscopic malaria 56 21,624 15.9 (12.9-19.1) 97.8 16.7, 0.0-55.9 10 6028 8.4 (6.0-11.0) 90.7 8.2, 2.0-28.2 0.0708 0.0248 
Microscopic malaria 56 21,218 10.1 (6.8-14.0) 98.9 8.3, 0.0-50.6 10 6015 7.9 (4.3-12.3) 96.8 4.9, 2.0-20.9 0.5557 0.7072 
Proportion submicroscopic 
malaria among NAAT-
positives 

            

56 7960 64.1 (57.5-70.5) 97.0 58.9, 0.0-100.0 10 1023 52.9 (40.2-65.5) 92.7 53.4, 26.9-73.7 0.2469 0.2995 
Delivery, maternal blood                 
Submicroscopic malaria 58 20,693 10.2 (7.8-12.7) 97.1 7.9, 0.0-57.1 14 4038 9.9 (5.6-15.3) 96.4 9.6, 0.5-36.8 0.5752 0.8700 
Microscopic malaria 58 19,316 3.3 (2.3-4.6) 95.0 2.5, 0.0-42.9 14 4053 7.6 (3.0-13.9) 97.8 6.2, 0.0-39.9 0.0719 0.0459 
Proportion submicroscopic 
malaria among NAAT-
positives 

            

58 3631 75.4 (70.1-80.4) 90.3 77.2, 32.6-100 14 797 58.4 (47.7-68.7) 85.9 53.7, 16.7-100 0.0043 0.0173 
Delivery, placental blood             
Submicroscopic malaria 57 17,164 8.0 (6.1-10.1) 95.6 6.1, 0.0-35.7 13 2801 14.0 (7.7-21.7) 96.7 14.0, 1.5-49.5 0.2009 0.0907 
Microscopic malaria 57 16,601 3.4 (1.9-5.2) 96.8 2.4, 0.0-35.2 13 2635 4.0 (0.7-9.5) 97.2 3.3, 0.0-30.1 0.8285 0.9096 
Proportion submicroscopic 
malaria among NAAT-
positives 

            

57 3137 70.5 (63.8-76.9) 91.2 69.1, 31.3-100 13 616 81.0 (66.9-92.2) 91.3 84.8, 41.6-100 0.1989 0.0732 
*Pooled estimate from Stata procedure metaprop 
†Wilcoxon rank-sum test (or Mann-Whitney test): this tests the hypothesis that two independent samples are from populations with the same distribution 
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Table S23: Sensitivity analysis: Effect of quality assessment factor in multivariable models 
 Submicroscopic vs. no malaria  Microscopic vs. no malaria Submicroscopic vs. microscopic malaria 

 aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value 

Africa Pregnancy, maternal blood 

Quality score (continuous, 2-6) 1.31, 0.82-2.12 0.2606 1.18, 0.75-1.86 0.4780 1.12, 0.74-1.69 0.6069 

High quality study (5-6 vs. < 5) 1.52, 0.93-2.51 0.0974 1.24, 0.76-2.04 0.3848 1.13, 0.71-1.82 0.5999 

Americas/Asia       

Quality score (continuous, 2-6) 0.38, 0.19-0.79 0.0097 0.55, 0.21-1.43 0.2182 0.70, 0.23-2.10 0.5255 

High quality study (5-6 vs. < 5) 0.35, 0.13-0.92 0.0337 0.59, 0.18-1.99 0.3965 0.64, 0.17-2.40 0.5099 

Americas*       

Quality score (continuous, 2-6) 0.61, 0.14-2.72 0.5203 1.36, 0.46-3.97 0.5770 0.45, 0.08-2.42 0.3532 

High quality study (5-6 vs. < 5) 0.61, 0.14-2.72 0.5203 1.36, 0.46-3.97 0.5770 0.45, 0.08-2.42 0.3532 

Asia*       

Quality score (continuous, 2-6) 0.29, 0.17-0.51 <0.0001 0.33, 0.09-1.21 0.0947 0.90, 0.25-3.20  0.866 

High quality study (5-6 vs. < 5) 0.18, 0.07-0.46 0.0004 0.21, 0.03-1.45 0.1129 0.90, 0.15-5.60 0.914 

Africa Delivery, maternal blood 

Quality score (continuous, 2-6) 0.65, 0.35-1.19 0.1624 0.63, 0.33-1.19 0.1522 1.08, 0.69-1.68 0.7493 

High quality study (5-6 vs. < 5) 0.86, 0.35-2.13 0.7476 0.63, 0.25-1.59 0.3253 1.38, 0.73-2.61 0.3280 

Americas/Asia       

Quality score (continuous, 2-6) 0.38, 0.14-1.05 0.0630 0.70, 0.11-4.40 0.7074 0.55, 0.09-3.36 0.5139 

High quality study (5-6 vs. < 5) 0.38, 0.14-1.05 0.0630 0.70, 0.11-4.40 0.7074 0.55, 0.09-3.36 0.5139 

Americas*       

Quality score (continuous, 2-6) No convergence  No convergence  No convergence  

High quality study (5-6 vs. < 5) No convergence  No convergence  No convergence  

Asia*       

Quality score (continuous, 2-6) 0.21, 0.09-0.51 0.0005 0.68, 0.10-4.55 0.6899 0.31, 0.06-1.65 0.1719 

High quality study (5-6 vs. < 5) 0.21, 0.09-0.51 0.0005 0.68, 0.10-4.55 0.6899 0.31, 0.06-1.65 0.1719 

Africa Delivery, placental blood 

Quality score (continuous, 2-6) 0.59, 0.35-1.00 0.0515 0.72, 0.36-1.45 0.3616 0.82, 0.48-1.39 0.4577 

High quality study (5-6 vs. < 5) 0.60, 0.29-1.26 0.1779 0.62, 0.24-1.58 0.3145 0.97, 0.47-1.99 0.9394 

Americas/Asia       

Quality score (continuous, 2-6) 0.27, 0.11-0.70* 0.0071 0.24, 0.03-2.14 0.2022 1.13, 0.12-10.68 0.9171 
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High quality study (5-6 vs. < 5) 0.27, 0.11-0.70* 0.0071 0.24, 0.03-2.14 0.2022 1.13, 0.12-10.68 0.9171 

America*       

Quality score (continuous, 2-6) No convergence  No convergence  No convergence  

High quality study (5-6 vs. < 5) No convergence  No convergence  No convergence  

Asia*       

Quality score (continuous, 2-6) 0.12, 0.05-0.30 <0.0001 0.30, 0.02-4.03 0.3613 0.40, 0.03-5.00 0.4801 

High quality study (5-6 vs. < 5) 0.12, 0.05-0.30 <0.0001 0.30, 0.02-4.03 0.3613 0.40, 0.03-5.00 0.4801 
aOR, adjusted Odds ratio. Note: adjusted for baseline model as reported in Table 2, S14, and S15 
*Interaction noted between continent and submicroscopic malaria: for this reason, data are additionally presented by continent 
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Table S24: Sensitivity analysis: Effect of quality of blood smear reading on risk factors for submicroscopic and microscopic malaria, 
multivariable models in pregnancy, IPD 

 Africa, high transmission areas* 

 Any malaria infection vs. no malaria Microscopic vs. no malaria Submicroscopic vs. no malaria Risk of submicroscopic infections 
among NAAT-positive infections 

 Base model N= 4489, 66·1% of available data, 6 sublocations† 

 aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value 
Age (years)         
   <20 2.43, 1.87-3.17 <0.0001 3.16, 2.33-4.29 <0.0001 1.62, 1.16-2.26 0.0050 0.51, 0.36-0.72 0.0001 
   20-29 1.31, 1.06-1.60 0.0104 1.57, 1.22-2.02 0.0004 1.12, 0.89-1.42 0.34 0.72, 0.55-0.93 0.0120 
   30+ years Reference  Reference  Reference  Reference  
Gravidity         
   G1  1.36, 1.07-1.73 0.0108 2.14, 1.65-2.77 <0.0001 0.70, 0.52-0.95 0.0201 0.32, 0.25-0.42 <0.0001 
   G2  1.02, 0.82-1.26 0.89 1.36, 1.07-1.72 0.0133 0.80, 0.62-1.03 0.08 0.58, 0.46-0.74 <0.0001 
   G3+ Reference  Reference  Reference  Reference  
PfPR2-10 1.04, 1.02-1.06 0.0008 1.05, 1.03-1.08 <0.0001 1.03, 1.00-1.05 0.05 0.98, 0.96-0.99 0.0032 
Rainy vs. dry season 0.86, 0.73-1.00 0.06 0.93, 0.78-1.10 0.37 0.70, 0.56-0.87 0.0012 0.75, 0.61-0.93 0.0082 
First ANC visit‡ Not included  Not included  Not included  Not included 0·11 
Definition of negative slide         
   No parasite in 100 high power fields 0.42, 0.11-1.60 0.18 0.40, 0.10-1.58 0.19 0.40, 0.09-1.85 0.24 1.02, 0.67-1.54 0.94 
   No parasite in 200+ high power fields Reference  Reference    Reference  
Slide readers         
   1 reader + 10% quality control 3.21, 0.84-12.24 0.09 3.21, 0.80-12.85 0.10 3.53, 0.76-16.42 0.11 1.09, 0.69-1.70 0.72 
   2+ readers Reference  Reference  Reference  Reference  
 Africa, moderate-to-low transmission areas* 

 Any malaria infection vs. no malaria Microscopic vs. no malaria Submicroscopic vs. no malaria Risk of submicroscopic infections 
among NAAT-positive infections 

 Base model N=5177, 62.3·0% of available data, 17 sublocations† 

 aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value 
Age (years)         
   <20 2.09, 1.60-2.74 <0.0001 2.45, 1.56-3.85 0.0001 1.92, 1.41-2.61 <0.0001 0.78, 0.47-1.29 0.33 
   20-29 1.16, 0.93-1.43 0.19 1.28, 0.87-1.89 0.22 1.10, 0.87-1.40 0.42 0.86, 0.56-1.32 0.49 
   30+ years Reference  Reference  Reference  Reference  
Gravidity         
   G1  1.35, 1.07-1.70 0.0124 2.39, 1.69-3.39 <0.0001 0.97, 0.74-1.28 0.85 0.41, 0.27-0.60 <0.0001 
   G2  1.09, 0.88-1.35 0.44 1.36, 0.97-1.91 0.08 0.98, 0.77-1.25 0.87 0.72, 0.49-1.06 0.09 
   G3+ Reference  Reference  Reference  Reference  
PfPR2-10 0.94, 0.92-0.97 <0.0001 0.96, 0.93-1.00 0.06 0.94, 0.91-0.97 0.0001 0.97, 0.94-1.01 0.20 
Rainy vs. dry season 0.98, 0.85-1.12 0.76 0.99, 0.81-1.20 0.91 0.97, 0.83-1.14 0.70 0.98, 0.78-1.23 0.86 
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First ANC visit‡ 0.44, 0.20-0.95 0.0378 0.99, 0.48-2.05 0.99 0.38, 0.16-0.91 0.0307 0.38, 0.17-0.85 0.0189 
Definition of negative slide         
   No parasite in 100 high power fields 0.27, 0.13-0.56 0.0005 0.31, 0.16-0.60 0.0006 0.24, 0.10-0.55 0.0008 0.77, 0.36-1.66 0.51 
   No parasite in 200+ high power fields Reference  Reference  Reference  Reference  
Slide readers         
   1 reader + 10% quality control 1.16, 0.44-3.04 0.77 3.75, 1.60-8.80 0.0024 0.82, 0.28-2.43 0.72 0.22, 0.08-0.57 0.0018 
   2+ readers Reference  Reference  Reference  Reference  
 Americas and Asia 

 Any malaria infection vs. no malaria Microscopic vs. no malaria Submicroscopic vs. no malaria Risk of submicroscopic infections 
among NAAT-positive infections 

 Model N=9552, 92·7% of available data, 19 sublocations† 
 aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value 
Age (years)         
   <20 1.61, 1.23-2.09 0.0004 2.40, 1.43-4.06 0.0010 1.41, 1.05-1.91 0.0245 0.59, 0.33-1.07 0.08 
   20-29 1.18, 0.97-1.43 0.09 1.52, 0.99-2.35 0.06 1.12, 0.91-1.38 0.29 0.74, 0.46-1.19 0.21 
   30+ years Reference  Reference  Reference  Reference  
Gravidity         
   G1 0.86, 0.71-1.04 0.12 1.13, 0.78-1.64 0.51 0.78, 0.63-0.97 0.0255 0.69, 0.45-1.05 0.08 
   G2 0.88, 0.73-1.07 0.20 1.00, 0.68-1.48 0.99 0.86, 0.69-1.06 0.16 0.86, 0.55-1.32 0.48 
   G3+ Reference  Reference  Reference  Reference  
PfPR2-10 1.04, 1.01-1.06 0.0015 1.00, 0.96-1.04 0.92 1.06, 1.03-1.09 0.0002 1.06, 1.01-1.12 0.0134 
Rainy vs· dry season 1.02, 0.87-1.19 0.84 1.38, 1.01-1.87 0.0410 0.92, 0.77-1.10 0.38 0.67, 0.47-0.95 0.0249 
First ANC visit‡  0.67, 0.32-1.40 0.29 3.78, 0.72-19.91 0.12 0.40, 0.14-1.12 0.08 0.14, 0.02-1.17 0.07 
Americas vs. Asia 0.39, 0.21-0.73 0.0028 0.80, 0.21-3.11 0.75 0.29, 0.13-0.68 0.0046 0.53, 0.09-3.16 0.49 
Negative slide definition         
   100 high power fields 0.27, 0.11-0.66 0.0042 0.25, 0.03-1.91 0.18 0.31, 0.09-1.06 0.06 2.11, 0.14-30.75 0.59 
   200+ high power fields Reference  Reference  Reference  Reference  
Slide readers         
   1 reader + 10% quality control 0.54, 0.30-0.98 0.0427 1.15, 0.32-4.11 0.83 0.38, 0.17-0.88 0.0247 0.26, 0.05-1.38 0.11 
   2+ readers Reference  Reference  Reference  Reference  
aOR, adjusted Odds ratio. CI, confidence interval. G1, primigravidae. G2, secundigravidae. G3+, multigravidae (excluding secundigravidae). Available data: number of participants with an outcome on 
submicroscopic, microscopic and no malaria. Factors where the p-value is <0·05 are printed in bold. Note that studies in Asia and the Pacific were included under “Asia”; studies in middle or south America 
were included under “Americas”. * High transmission: PfPR2-10 ≥35%, moderate-to-low transmission PfPR2-10 <35%. † Available data (data with information on microscopic, submicroscopic and no malaria): 
Africa, high transmission areas N=6790, 9 sublocations; Africa, moderate-to-low transmission areas N=8306, 24 sublocations; Americas/Asia N=10,305, 23 sublocations. †In Africa: High transmission: PfPR2-10 
≥35%, moderate and low transmission combined: PfPR2-10 <35%: only 1 study <10% in Africa. In the model for America/Asia, one study in Indonesia, 9% of data, had PfPR2-10 of 25%, all other studies PfPR2-10 0-
5%, with 81% PfPR2-10 of <2%. ‡Comparison group for first ANC visit: not first ANC visit or unknown if first visit or not. First ANC visit was not included in high transmission area because of non-convergence for 
subgroups (cells with 0 values).  
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Table S25: Sensitivity analysis: Multivariable analyses of factors associated with submicroscopic and microscopic malaria infections in 
pregnancy by region, using an alternative measure of transmission level*, IPD 

 Africa, high transmission level*  

 Any malaria infection vs. no malaria Microscopic vs. no malaria Submicroscopic vs. no malaria Risk of submicroscopic infections 
among NAAT-positive infections 

 Base model N=9356, 98·5% of available data, 18 sublocations†  
  aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value 
Age (years)          
   <20  2.43, 2.04-2.91 <0.0001 3.42, 2.74-4.28 <0.0001 1.72, 1.39-2.14 <0.0001 0.50, 0.39-0.65 <0.0001 
   20-29  1.34, 1.17-1.54 <0.0001 1.66, 1.39-1.99 <0.0001 1.12, 0.96-1.31 0.16 0.67, 0.55-0.82 <0.0001 
   30+ years  Reference  Reference  Reference  Reference  
Gravidity         
   G1   1.26, 1.08-1.47 0.0029 2.00, 1.67-2.39 <0.0001 0.73, 0.60-0.88 0.0012 0.36, 0.29-0.45 <0.0001 
   G2    0.95, 0.83-1.09 0.49 1.22, 1.04-1.44 0.0166 0.75, 0.64-0.88 0.0006 0.61, 0.51-0.74 <0.0001 
   G3+   Reference  Reference  Reference  Reference  
Alternative indicator 
transmission level* 

 
1.04, 1.03-1.06 <0.0001 1.05, 1.01-1.09 0.0079 1.04, 1.02-1.06 <0.0001 0.99, 0.95-1.04 0.68 

Rainy vs. dry season  1.14, 1.04-1.26 0.0080 1.23, 1.09-1.38 0.0006 1.03, 0.91-1.17 0.62 0.84, 0.73-0.97 0.0146 
First ANC visit‡  0.66, 0.50-0.87 0.0034 0.63, 0.28-1.45 0.28 0.74, 0.49-1.09 0.13 1.16, 0.40-3.37 0.79 

 
Available 
data (%) 

Africa, high transmission level* 
Base model with additional variables of interest with limited sample size 

Gestational age (weeks) 98·2 0.99, 0.99-1.00 0.15 1·00, 0·99-1·01 0·62 0·99, 0·98-1·00 0·09 0·99, 0·98-1·01 0·29 
HIV-infection  72·2 1.32, 0.95-1.84 0.10 1·54, 1·02-2·33 0·0394 1·20, 0·81-1·78 0·36 0·78, 0·49-1·23 0·28 
Rural setting  35·1 1.24, 0.91-1.67 0.17 1·33, 0·97-1·81 0·08 1·16, 0·87-1·56 0·31 0·88, 0·65-1·19 0·40 
Antimalarial use § 18·2 0.54, 0.37-0.79 0.0014 0·34, 0·22-0·51 <0·0001 0·61, 0·41-0·92 0·0174 1·83, 1·20-2·80 0·0054 
ITN use § 53·0 0.94, 0.83-1.06 0.32 0·98, 0·85-1·13 0·80 0·92, 0·78-1·09 0·33 0·94 0·78-1·12 0·47 
Any net use  87·1 0.92, 0.84-1.02 0.12 0·96, 0·86-1·08 0·54 0.87, 0·77-0·99 0·0311 0·90, 0·78-1·04 0·15 
IRS  57·2 0.99, 0.93-1.06 0.78 0·97, 0·89-1·05 0·39 1·02, 0·95-1·10 0·61 1·06, 0·97-1·15 0·21 
 Africa, Moderate and low transmission level* 

 Any malaria infection vs. no malaria Microscopic vs. no malaria Submicroscopic vs. no malaria Risk of submicroscopic infections 
among NAAT-positive infections 

 Base model N=5194, 99·5% of available data, 13 sublocations† 
  aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value 
Age (years)          
   <20  2.12, 1.63-2.76 <0.0001 2.76, 1.80-4.25 <0.0001 1.90, 1.40-2.59 <0.0001 0.69, 0.42-1.12 0.14 
   20-29  1.18, 0.98-1.42 0.08 1.44, 1.02-2.03 0.0367 1.11, 0.90-1.36 0.32 0.77, 0.53-1.12 0.17 
   30+ years  Reference  Reference  Reference  Reference  
Gravidity         
   G1   1.76, 1.40-2.20 <0.0001 2.21, 1.56-3.11 <0.0001 1.54, 1.18-2.01 0.0014 0.70, 0.47-1.04 0.08 



Van Eijk et al Supplement sMIP IPD-meta (03apr23)_suppl_no_tc 

56 
 

   G2    1.41, 1.15-1.73 0.0008 1.51, 1.09-2.09 0.0127 1.39, 1.10-1.75 0.0054 0.92, 0.64-1.33 0.66 
   G3+   Reference  Reference  Reference  Reference  
Alternative indicator 
transmission level* 

 
1.09, 1.02-1.17 0.0072 1.04, 0.98-1.10 0.19 1.12, 1.04-1.21 0.0024 1.08, 1.03-1.14 0.0027 

Rainy vs. dry season  0.89, 0.77-1.02 0.09 0.90, 0.73-1.11 0.33 0.88, 0.75-1.04 0.13 0.98, 0.77-1.25 0.86 
First ANC visit‡  1.37, 0.69-2.73 0.37 0.89, 0.49-1.64 0.72 1.66, 0.76-3.63 0.21 1.85, 1.09-3.14 0.0224 

 
Available 
data (%) 

Africa, Moderate and low transmission level* 
Base model with additional variables of interest with limited sample size 

Gestational age (weeks) 84·5 0.97, 0.96-0.99 0.0022 0·95, 0·93-0.98 0·0002 0·99, 0·97-1·01 0·28 1·01, 1·01-1·07 0·0145 
HIV-infection  89·7 1.28, 0.90-1.80 0.17 1·48, 0·81-2·72 0·21 1·08, 0·70-1·67 0·72 0·73, 0·35-1·51 0·40 
Rural setting § 26·9 1.03, 9.81-1.31 0.80 0·52, 0·10-2·67 0·43 0·86, 0·26-2·79 0·80 1·64, 0·27-9·90 0·59 
Antimalarial use § 20·9 0.58, 0.37-0.88 0.0116 0·89, 0·52-1·54 0·68 0·38, 0·21-0·68 0·0012 0·44, 0·20-0·95 0·0377 
ITN use  16·7 0.95, 0.62-1.43 0.79 Non-convergence  Non-convergence  Non-convergence  
Any net use  58·9 0.83, 0.68-1.01 0.06 0·75, 0·56-1·00 0·05 0.86, 0·68-1·99 0·22 1·15, 0·81-1·63 0·43 
IRS § 36·2 1.39, 0.81-2.37 0.23 1·57, 0·77-3·20 0·22 1·24, 0·62-2·50 0·55 0·79, 0·32-1·99 0·62 
 Americas and Asia 

 Any malaria infection vs. no malaria Microscopic vs. no malaria Submicroscopic vs. no malaria Risk of submicroscopic infections 
among NAAT-positive infections 

 Base model N=10,068, 98·1% of available data, 22 sublocations† 
  aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value aOR, 95% CI p-value 
Age (years)          
   <20  1.57, 1.22-2.01 0.0004 2.75, 1.73-4.38 <0.0001 1.31, 0.98-1.73 0.07 0.48, 0.29-0.80 0.0052 
   20-29  1.17, 0.98-1.40 0.09 1.66, 1.13-2.43 0.0097 1.09, 0.89-1.32 0.42 0.65, 0.43-0.99 0.0428 
   30+ years  Reference  Reference  Reference  Reference  
Gravidity          
   G1  0.96, 0.80-1.15 0.68 1.20, 0.87-1.65 0.26 0.88, 0.72-1.08 0.21 0.72, 0.51-1.03 0.07 
   G2  1.00, 0.84-1.20 0.99 1.03, 0.73-1.46 0.85 0.99, 0.82-1.21 0.96 0.96, 0.66-1.40 0.83 
   G3+  Reference  Reference  Reference  Reference  
Alternative indicator 
transmission level*  1.05, 1.03-1.07 <0.0001 1.04, 1.01-1.07 0.0124 1.05, 1.03-1.07 <0.0001 1.01, 0.98-1.04 0.60 
Rainy vs. dry season  1.04, 0.89-1.20 0.65 1.23, 0.95-1.60 0.11 0.97, 0.82-1.15 0.75 0.79, 0.60-1.05 0.11 
First ANC visit‡  1.48, 0.73-3.00 0.28 7.13, 1.80-28.24 0.0051 0.96, 0.39-2.35 0.93 0.15, 0.04-0.55 0.0044 
Americas vs. Asia  1.28, 0.69-2.37 0.43 2.31, 0.67-7.93 0.18 1.06, 0.48-2.31 0.89 0.45, 0.13-1.52 0.20 

 
Available 
data (%) 

Americas and Asia 
Base model with additional variables of interest with limited sample size ¶ 

Gestational age (weeks) 96·5  1.00, 0.99-1.01 0.48 0·99, 0·97-1·01 0·16 1·00, 0·99-1·01 0·95 1·01, 0·99-1·04 0·19 
Rural setting 81·0 1.47, 1.22-1.78 <0.0001 1·73, 1·24-2·42 0·0014 1·36, 1·09-1·71 0·0069 0·80, 0·54-1·18 0·26 
Antimalarial use 52·7 1.27, 0.93-1.73 0.14 1·38, 0·90-2·13 0·14 1·20, 0·83-1·76 0·34 0·87, 0·52-1·46 0·60 
ITN use  53·8 1.04, 0.82-1.31 0.75 1·05, 0·74-1·49 0·77 1·07, 0·80-1·42 0·64 1·02, 0·67-1·55 0·94 
Any net use  88·5 1.13, 0.97-1.32 0.12 1·17, 0·88-1·54 0·28 1·11, 0·93-1·32 0·24 0·95, 0·69-1·29 0·74 
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IRS  36·8 1.03, 0.76-1.39 0.87 0·85, 0·38-1·89 0·69 1·04, 0·75-1·44 0·80 1·23, 0·52-2·88 0·63 
aOR, adjusted Odds ratio. CI, confidence interval. G1, primigravidae. G2, secundigravidae. G3+, multigravidae (excluding secundigravidae). ITN, insecticide treated net. IRS, indoor residual spraying. Available data: 
number of participants with an outcome on submicroscopic, microscopic and no malaria. Factors where the p-value is <0·05 are printed in bold. Note that studies in Asia and the Pacific were included under 
“Asia”; studies in central or south America were included under “Americas”.  
*Alternative measure of transmission level: Parasite prevalence among all gravidae, measured in the first trimester by NAAT (PCR or LAMP). Africa, high transmission: alternative measure ≥35%; Africa, moderate-
to-low transmission: alternative measure <35%: only 1 study (two sublocations). †Available data (data with information on microscopic, submicroscopic or no malaria): Africa, high transmission areas: N=9479, 19 
sublocations; Africa, moderate-to-low transmission areas in Africa; N=5222, 13 sublocations; Americas/Asia: N=10,261, 22 sublocations. ‡Comparison group for first ANC visit: Not first ANC visit or unknown if first 
visit or not. § Africa, high transmission: The alternative indicator was not included in the model of antimalarial use because of non-convergence.  Africa, moderate-to-low transmission: In model for rural setting, 
first ANC visit not included because of non-convergence. In model for antimalarial use only age and rainy season included in models with no malaria as reference, and only rainy season included in submicroscopic 
vs. microscopic model because of non-convergence. Model for IRS conducted without indicator of malaria transmission and gravidity collapsed into primigravidae versus multigravidae because of non-
convergence. ¶ There was insufficient information on HIV infection in studies in the Americas and Asia.  
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Supplemental Figures 
Figure S1: Map of included studies 

Legend: Green: PfPR2-10 < 10%. Blue: PfPR2-10 10-34%. Red: PfPR2-10 ≥ 35%. 
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Figure S2A: Proportion of submicroscopic malaria among NAAT-positive test results by malaria transmission level among first ANC 
attendees 

 
NAAT, Nucleic acid amplification test (PCR or LAMP). PfPR2-10, Plasmodium falciparum prevalence among 
children aged 2-10 years at the year of study visit, as estimated by the Malaria Atlas Project. Note that 
studies in Asia and the Pacific were combined under “Asia”; studies in middle or south America were 
combined under “Americas”. Markers: Orange: studies in Africa; Green: studies in Asia; Red: studies in the 
Americas. The relationship and 95% CI were estimated for Africa only using fractional polynomials logistic 
regression with robust variance (p<0.0001 for comparison with linear and non-covariate model). 
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Figure S2B: Proportion of submicroscopic malaria among NAAT-positive test results in pregnancy by malaria transmission level by 
gravidity 

 
NAAT, Nucleic acid amplification test (PCR or LAMP). PfPR2-10, Plasmodium falciparum prevalence 
among children aged 2-10 years at the year of study visit, as estimated by the Malaria Atlas Project. 
Note that studies in Asia and the Pacific were combined under “Asia”; studies in middle or south 
America were combined under “Americas”. 
Markers: Orange: studies in Africa; Green: studies in Asia; Red: studies in the Americas. The 
relationship and 95% CI were estimated for Africa only, using fractional polynomials logistic regression 
with robust variance (primigravidae p=0.004 and p<0.0001 for comparison with linear and non-
covariate model, respectively; secundigravidae p=0.008 and p<0.0001, respectively; multigravidae 
p=0.011 and p<0.0001, respectively) 
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Figure S1: Probability of fever by malaria status, gestational age and region 

 
Notes: Individual participant data, using one-stage model for fever during pregnancy. The adjusted odds ratios (aOR) and 95% confidence intervals 
for gestational age were overall 0.96, 0.94-0.98 (p=0.0007), America/Asia aOR=0.98, 0.97- 0.99s16 (p=0.4816), Africa, moderate-low transmission, 
aOR=0.98, 0.92-1.04 (p=0.1400), and Africa high transmission, aOR=0.95, 0.93-0.97 (p=0.0007). For additional information, see Table S10. 
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Figure S2: Prevalence of submicroscopic and microscopic malaria in studies with regular follow up visit in pregnancy by gestational age 
 

Prevalence of microscopic malaria in orange, of submicroscopic malaria in blue, and proportion of submicroscopic among NAAT+ infections in grey 

 

 

Location: Cameroon, 2001-2004, N=91 at enrolment, PfPR2-10 68%, IPTp 0%, ITN or 
net 0%, 53 (58%) reported antimalarial use in pregnancy. 

 

  
Location: Uganda, 2016-2017, N=391 for SP arm, PfPR2-10 45.9%, IPTp (2+ doses) 
93.1%, ITN received at enrolment 

Location: Uganda, 2016-2017, N=391 for DP arm, PfPR2-10 45.9%, IPTp (2+ doses) 
93.9%, ITN received at enrolment 
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Location: Ghana, 2010-2012, N=653 for SP arm, PfPR2-10 60.7%, IPTp (2+ doses) 88.7%, 
ITN received at enrolment 

Location: Ghana, 2010-2012, N=653 for IST arm, PfPR2-10 60.7%, ≥3 cRDTs received: 
61.4%, ITN received at enrolment 

  
Location: Benin, 2014-2017, N=393, PfPR2-10 20.6%, IPTp (2+ doses) 76.5%, ITN received 
at enrolment 

Location: Kenya, 2011-2012, N=111, PfPR2-10 20.3%, IPTp (2+ doses) provided but no 
information, no information on ITN use 
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Location: Malawi, 2011-2013, N=921 for SP arm, PfPR2-10 16.1%, IPTp (2+ doses) 96.2%, 
ITN received at enrolment 

Location: Malawi, 2011-2013, N=923 for IST arm, PfPR2-10 16.1%, ≥3 cRDTs received: 
89.9%, ITN received at enrolment 

  
Location: Kenya, 2012-2014, N=514 for SP arm, PfPR2-10 13.8%, IPTp (2+ doses) 90.7%, 
ITN received at enrolment 

Location: Kenya, 2012-2014, N=514 for IST arm, PfPR2-10 13.8%, ≥3 cRDTs received: 
80.7%, ITN received at enrolment 
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 Ble 2  
Location: Kenya, 2012-2014, N=515 for DP arm, PfPR2-10 13.8%, IPTp (2+ doses) 92.4%, 
ITN received at enrolment 

Location: Columbia, 2014-2017, N=186, PfPR2-10 0.0%, no IPTp policy, ITN 52.9%, 
antimalarial use 94.9% 

  
Location: Papua New Guinea, 2014-2017, N=1125 for SPAZ arm, PfPR2-10 1.1%, IPTp (2+ 
doses) 95.2%, ITN 92.0% 

Location: Papua New Guinea, 2014-2017, N=1117 for SP-CQ arm, PfPR2-10 1.1%, ITN 
92.0% 

Abbreviations: AL, artemether-lumefantrine. AZ, azithromycin. CQ, chloroquine. DP, dihydroartemisinin–piperaquine. IPTp, intermittent preventive treatment in pregnancy.  IST, 
intermittent screening and treatment. ITN, insecticide treated nets.  PfPR2-10, Plasmodium falciparum prevalence in children 2-10 years of age as an indicator of level of malaria 
transmission at the midyear of study, Malaria Atlas Project. SP: sulfadoxine-pyrimethamine 
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Figure S3: Proportion of submicroscopic malaria (forest plot), microscopic malaria (column) and no malaria (column) at a subsequent 
scheduled follow up visit in pregnancy among women with submicroscopic malaria at enrolment, by region 

 
CI, confidence interval. PNG, Papua New Guinea. PfPR2-10, Plasmodium falciparum prevalence in children 2-10 years of age as an indicator of level of 
malaria transmission at the midyear of study, Malaria Atlas Project. 
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Figure S4: Probability and 95% confidence interval of microscopic and submicroscopic malaria by gestational age  

 
PfPR2-10, Plasmodium falciparum prevalence in children 2-10 years of age as an indicator of level of malaria 
transmission at the midyear of study, Malaria Atlas Project. Estimates were from models adjusted for age, type 
of gestational age assessment, and year of study. 
Notes: In high malaria transmission areas there was not sufficient information before 10 weeks of gestational 
age. For G3+ in moderate-to-low transmission areas, there was insufficient information after 30 weeks of 
gestational age. 
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Figure S7: Funnel plot for studies with information on submicroscopic malaria infection during pregnancy 

 
Egger test (a test for asymmetry of the funnel plot): p=0.43.  
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