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Summary
Background Malaria infections during pregnancy can cause adverse birth outcomes, yet many infections are 
undetected by microscopy. We aimed to describe the epidemiology of submicroscopic malaria infections in pregnant 
women in Asia, the Americas, and Africa using aggregated and individual participant data (IPD).

Methods For this systematic review and meta-analysis, studies (published Jan 1, 1997 to Nov 10, 2021) with information 
on both microscopic and submicroscopic infections during pregnancy from Asia, the Americas, or Africa, identified 
in the Malaria-in-Pregnancy Library, were eligible. Studies (or subgroups or study groups) that selected participants 
on the basis of the presence of fever or a positive blood smear were excluded to avoid selection bias. We obtained IPD 
(when available) and aggregated data. Estimates of malaria transmission intensity and sulfadoxine–pyrimethamine 
resistance, matched by study location and year, were obtained using publicly available data. One-stage multivariable 
logit and multinomial models with random intercepts for study site were used in meta-analysis to assess prevalence 
of and risk factors for submicroscopic infections during pregnancy and at delivery. This study is registered with 
PROSPERO, number CRD42015027342.

Findings The search identified 87 eligible studies, 68 (78%) of which contributed to the analyses. Of these 68 studies, 
45 (66%) studies contributed IPD (48 869 participants) and 23 (34%) studies contributed aggregated data 
(11 863 participants). During pregnancy, median prevalence estimates were 13·5% (range 0·0–55·9, 66 substudies) for 
submicroscopic and 8·0% (0·0–50·6, 66 substudies) for microscopic malaria. Among women with positive Plasmodium 
nucleic acid amplification tests (NAATs), the median proportion of submicroscopic infections was 58·7% (range 0·0–100); 
this proportion was highest in the Americas (73·3%, 0·0–100), followed by Asia (67·2%, 36·4–100) and Africa (56·5%, 
20·5–97·7). In individual patient data analysis, compared with women with no malaria infections, those with 
submicroscopic infections were more likely to present with fever in Africa (adjusted odds ratio 1·32, 95% CI 1·02–1·72; 
p=0·038) but not in other regions. Among women with NAAT-positive infections in Asia and the Americas, Plasmodium 
vivax infections were more likely to be submicroscopic than Plasmodium falciparum infections (3·69, 2·45–5·54; 
p<0·0001). Risk factors for submicroscopic infections among women with NAAT-positive infections in Africa included 
older age (age ≥30 years), multigravidity, and no HIV infection. 

Interpretation During pregnancy, submicroscopic infections are more common than microscopic infections and are 
associated with fever in Africa. Malaria control in pregnancy should target both microscopic and submicroscopic 
infections.

Funding Bill & Melinda Gates Foundation through the Worldwide Antimalarial Resistance Network.
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Introduction
Malaria infection during pregnancy causes adverse 
maternal and pregnancy outcomes.1 In 2020, approxi
mately 122 million pregnancies occurred in areas of 
malaria transmission.2 Plasmodium falciparum is the 
most common and pernicious malaria species; the 
effects of Plasmodium vivax on pregnancy outcomes in 
Asia and the Americas are considerable, although 
generally less severe than P falciparum.3–6

The increased use of sensitive nucleic acid amplification 
tests (NAATs) such as PCR and loopmediated isothermal 

amplification (LAMP) has shown that many malaria 
infections in pregnancy remain asymptomatic and below 
the limit of detection by microscopy. Malaria microscopy 
typically detects infections with at least 50–500 parasites 
per µL. PCR can detect fewer than five parasites per µL 
and has the added advantage of more accurate species 
identification than microscopy.7–9 However, PCR can also 
detect gametocytes or nonviable asexual parasites after 
malaria therapy, neither of which cause clinical harm.10 
The diagnosis of malaria in pregnancy is further 
challenged by the accumulation of parasites in the 
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placenta, with low or undetectable parasite densities in 
peripheral blood.11

Insights into the epidemiology of submicroscopic 
infections in pregnancy can guide the design of 
strategies to detect, manage, and prevent malaria in 
pregnancy, including in the first trimester.12 Furthermore, 
understanding the contribution of submicroscopic 
infections in pregnancy to the infectious reservoir is 
important for malaria elimination efforts,13 such as 
during mass drug administration campaigns, which 
often exclude pregnant women because of concerns 
about drug safety for the developing fetus. Furthermore, 
understanding patterns of submicroscopic infections 
supports the interpretation of parasite prevalence data 
collected at antenatal clinics for surveillance.14

We conducted a systematic review to describe the 
epidemiology of submicroscopic and microscopic 
infections during pregnancy and at delivery. We aimed 
to assess the relationship between malaria infections, 
species, and fever, and any association with age, 

gravidity, geographical region, and intensity of malaria 
transmission. Furthermore, we aimed to investigate the 
progression of submicroscopic malaria.

Methods
Search strategy and selection criteria
In this systematic review and metaanalysis, we used 
aggregated and individual participant data (IPD). The 
Malaria in Pregnancy Library was the main search engine 
used. The Malaria in Pregnancy Library combines data 
from over 20 sources including Medline, Web of 
Knowledge, Scopus, Cumulative Index to Nursing and 
Allied Health Literature, Bioline, the Cochrane Library 
databases, the WHO Global Health Library, and grey 
literature (ie, reports, unpublished studies, and theses) 
and is updated every 4 months.15 We searched for records 
published from Jan 1, 1997 (a year before the first mention 
of PCR in the Malaria in Pregnancy Library) to 
Nov 10, 2021, using the search terms “polymerase 
chain reaction” OR “PCR” OR “submicroscopic” OR 

Research in context

Evidence before this study
We conducted a literature search for studies reviewing 
submicroscopic malaria infection among pregnant women in 
malarious areas with no language restriction using the search 
terms (“Polymerase chain reaction” OR “PCR” OR 
“submicroscopic” OR “sub-microscopic” OR “sub-patent” OR 
“sub-microscopic” OR “Lamp” OR “loop-mediated isothermal 
amplification”) AND “malaria” AND “Review” AND “pregnan*”. 
The following databases were searched: PubMed and the 
Malaria in Pregnancy Library, which consists of references from 
Web of Knowledge, Scopus, Cumulative Index to Nursing and 
Allied Health Literature, Bioline, the Cochrane Library databases, 
the WHO Global Health Library, grey literature (ie reports, 
unpublished studies, and theses) and conference abstracts. The 
initial search was from Jan 1, 1997, to Sept 6, 2020, and updated 
on Nov 10, 2021. A systematic review among pregnant women 
of 16 studies in Africa conducted before 2010 reported that a 
weighted mean of 36% of all infections were submicroscopic; 
results were not separated by timepoint in pregnancy 
(pregnancy or at delivery, placental or maternal blood at 
delivery) and no meta-analysis was presented. Systematic 
reviews among populations who were not pregnant suggested 
there is more submicroscopic malaria among older people and 
fewer submicroscopic infections in the rainy season. Previous 
meta-analyses on this topic had only been conducted in non-
pregnant populations.

Added value of this study
This pooled analysis of 45 individual participant and 
23 aggregated datasets provides further detailed information 
on the epidemiology of submicroscopic malaria in pregnancy. 
Submicroscopic malaria in pregnancy occurred in all malarious 
regions (ie, Asia, the Americas, and Africa) and was more 

common than microscopic malaria in most settings. Similar to 
reports among populations who were not pregnant, the 
proportion of submicroscopic malaria was higher in Asia and the 
Americas than in Africa, where it was more common among 
malaria species other than Plasmodium falciparum. This study 
was also able to explore the relationship between malaria 
infections with fever and found that submicroscopic malaria 
was associated with fever in Africa, but not in Asia and the 
Americas. The study additionally explored factors associated 
with submicroscopic malaria by region and noted that, among 
women with parasitaemia in Africa, submicroscopic infections 
were more common in multigravid women and older women 
(aged ≥30 years) than in primigravid women and younger 
women (aged <30 years), whereas in Asia and the Americas, only 
older age was a risk factor. Furthermore, this study also showed 
a role of sulfadoxine–pyrimethamine resistance in the risk of 
submicroscopic infections and the effectiveness of antimalarial 
treatment such as dihydroartemisinin–piperaquine for the 
reduction of submicroscopic malaria in cohort studies in Africa.

Implications of all the available evidence
This systematic review and meta-analysis provides new 
evidence on the extent of submicroscopic malaria in pregnancy 
and the potential effect of sulfadoxine–pyrimethamine 
resistance. Submicroscopic infections can contribute to onward 
malaria transmission, and research is needed on how the 
burden of submicroscopic malaria can be decreased in women 
who are pregnant. Studies have suggested that submicroscopic 
infections could have harmful effects on the mother and infant; 
further investigation of the role of submicroscopic malaria in 
pregnancy in causing adverse pregnancy outcomes and 
potential protective factors in different malaria settings will be 
important.

For the Malaria in Pregnancy 
Library see https://mip.wwarn.

org

https://mip.wwarn.org
https://mip.wwarn.org
https://mip.wwarn.org
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“submicroscopic” OR “subpatent” OR “subpatent” OR 
“Lamp” OR “loopmediated isothermal amplification” 
without language restrictions (appendix p 6). The search 
was repeated in Pubmed, Google Scholar, and the Global 
Health database with “AND pregnan* AND malaria” 
added to the search terms to ensure completeness. 
Studies were eligible if they contained data from both a 
NAATbased diagnostic (either PCR or LAMP) and 
microscopy from the same women during pregnancy or 
at delivery. Studies (or subgroups or study groups) that 
selected participants on the basis of the presence of fever 
or a positive blood smear were excluded to avoid selection 
bias. Two authors (AmvE and AM) reviewed the potential 
studies. Any discrepancies were resolved after further 
discussion until consensus was reached. The protocol is 
available through the WorldWide Antimalarial Resistance 
Network.

Data analysis
AmvE, AM, JH, and FotK contacted investigators of 
source studies to request primary data. Prespecified 
variables (appendix p 7) were obtained and standardised. 
For studies for which IPD were unavailable, data about 
number of infections and number of women examined 
were extracted from the published articles as aggregated 
data when there was sufficient information. Estimates 
of malaria transmission intensity and sulfadoxine–
pyrimethamine resistance, matched by study location 
and year, were extracted from publicly available data 
(appendix p 8).16–18 The risk of bias in primary studies was 
assessed using a modified version of the Newcastle
Ottawa quality assessment tool for observational 
studies (appendix pp 7–8). Two authors (AmvE and AM) 
independently assessed the risk of bias across six 
domains. Disagreements were resolved by discussion 
until consensus was reached.

Submicroscopic malaria was defined as microscopy
negative infections detected by NAATbased methods.19 
Infections that were microscopypositive but NAAT
negative were excluded from the analyses. Fever was 
defined as documented fever (≥37·5°C) or a history of 
fever in the previous 7 days as per the definition used in 
the source studies. Reported antimalarial use and 
intermittent preventive treatment in pregnancy (IPTp) 
were combined into one variable, indicating a history of 
antimalarial use in pregnancy. PCR results were used for 
species identification. We presented results by region 
(Americas [central and South America], Asia [Asia 
and the Pacific], and Africa) because of differences in 
species distribution, transmission intensity, prevention 
strategies, and sulfadoxine–pyrimethamine resistance 
patterns. Because of the observed interactions between 
moderatetolow and high transmission areas for gravidity, 
results in Africa were presented stratified by high 
(P falciparum prevalence for children aged 2–10 years 
[PfPR2–10] of at least 35%) and moderatetolow transmission 
areas (PfPR2–10 lower than 35%). Potential predictors and 

confounders included age, gravidity, season, year of study, 
gestational age, bednet or insecticidetreated net (ITN) 
use, HIV status, residence (rural or urban), antimalarial 
use for treatment or prevention, and study design (survey, 
cohort study or trial).

The risk of microscopic and submicroscopic malaria 
was evaluated in peripheral maternal blood during 
pregnancy and delivery and in placental blood. Studies 
were split by location when possible. Weighted pooled 
prevalence estimates for submicroscopic and microscopic 
malaria and weighted pooled odds ratios (ORs) were 
obtained using randomeffects twostage models using 
IPD and aggregated data (metaprop and meta, Stata 17). 
Because of the high observed heterogeneity between 
studies (which we assessed with the I² statistic), 
prevalence results were also summarised as study 
median and range. Ranges were used instead of IQRs  
because a range provides a fast overview of all the 
possible values, whereas an IQR does not provide this 
information. 

Onestage IPD analyses were conducted for 
presence of fever at enrolment with submicroscopic 
and microscopic malaria as exposures (outcome 1); 
submicroscopic infection at enrolment with malaria 
species as the exposure among women with infection 
(outcome 2); malaria infection status (microscopic, 
submicroscopic, or none) in pregnancy and at delivery 
and associated risk factors (outcome 3); and infection 
status (microscopic, submicroscopic, or none) at the 
second scheduled study visit for women who had 
submicroscopic malaria at enrolment (outcome 4). 
Logistic regression models (xtlogit, Stata version 17) for 
outcomes 1 and 2 and multinomial logistic regression 
models (gsem, Stata version 17) for outcomes 3 and 4 
were fitted with a random intercept for study site.

For outcome 3 (risk factors for malaria infection), a 
base model was first developed by region (Africa [high 
or moderatetolow transmission], Asia, or the Americas) 
that included covariates with at least 95% overall 
availability: age, gravidity, malaria season, an indicator of 
malaria transmission by study year, an indicator for first 
antenatal clinic visit (yes vs no or unknown; during 
pregnancy only), and study design (survey vs trial or 
cohort; at delivery only). This base model was then used 
to assess the effect of variables when a considerable 
proportion (generally >5%) was missing (not collected 
or reported): gestational age, HIV status, rural versus 
urban residence, ITN and bednet use, and history of 
antimalarial use. For outcome 1 (fever), models were 
adjusted for base model covariates and gestational age. 
For outcome 2 (species as a risk factor for submicroscopic 
malaria), submicroscopic infection among NAATpositive 
infections was the outcome of interest with microscopic 
malaria as the reference group and species as the 
exposure variable of interest, with P falciparum as the 
reference category. For outcome 4 (infection status at 
the second scheduled study visit for women who had 

For the protocol see 
https://www.wwarn.org/tools-
resources/subpatent-malaria-
study-group-protocol

See Online for appendix

https://www.wwarn.org/tools-resources/subpatent-malaria-study-group-protocol
https://www.wwarn.org/tools-resources/subpatent-malaria-study-group-protocol
https://www.wwarn.org/tools-resources/subpatent-malaria-study-group-protocol
https://www.wwarn.org/tools-resources/subpatent-malaria-study-group-protocol
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submicroscopic malaria at enrolment), the covariates 
explored were base model variables, the interval 
between study visits in days, markers of sulfadoxine–
pyrimethamine resistance, and antimalarial treatment at 
enrolment. High sulfadoxine–pyrimethamine resistance 
was defined as a prevalence of Lys540Glu of at least 30% 
in east and southern Africa and Ala437Gly of at least 90% 
in central and west Africa, whereas low resistance was 
defined as Lys540Glu of less than 30% in east and 
southern Africa, and Ala437Gly of less than 90% in 
central and west Africa. Factors with a p value of at least 
0·1 (Wald test) in the multivariate model were removed. 
To explore the robustness of findings, we used alternative 
measures of transmission intensity based on malaria 
infection prevalence by PCR assessed in the first trimester 
among all gravidae and established whether the data 
source (IPD vs aggregated) affected prevalence or whether 
study quality or quality of blood slide reading affected the 
risk factor analysis. All analyses were conducted using 
Stata (version 17). Further methodological details are 
described in the appendix (p 8). The study is registered 
with PROSPERO, CRD42015027342.

Role of the funding source
The funder had no role in the study design, data collection, 
analysis, interpretation, or writing of the report.

Results
The search identified 87 eligible studies, 68 (78%) of 
which contributed to the analyses. Of these 68 studies, 
45 (66%) studies had available IPD (48 869 participants) 
and 23 (34%) had aggregated data (11 683 participants; 
figure 1). The included studies were conducted between 
1995 and 2017 in 27 countries and included 15 trials, 
39 surveys (ie, single observations), and 14 cohort studies 
(appendix pp 15–21). 54 (79%) studies (35 with IPD) were 
from Africa, eight (12%) studies (six with IPD) were from 
Asia, and seven (10%) studies (five with IPD) were from 
the Americas. One (1%) study was conducted in both 
Asia and the Americas. The 68 studies provided 
83 datapoints by location (appendix p 58). Over half of 
the included participants (54–63%, depending on test 
and outcome) were enrolled in clinical trials. The risk of 
bias was scored as moderate to low in 46 (68%) studies 
and high in 22 (32%) studies (appendix pp 22–24). 
Four (6%) studies used LAMP, and the remaining 
64 (94%) studies used PCR. Of the 64 studies that used 
PCR, 30 (47%) studies used quantitative realtime PCR, 
and 31 (48%) studies used nested PCR. The remaining 
three studies used both methods, a PCRbased ligase 
detection reaction–fluorescent microsphere assay, or did 
not have details on molecular method (appendix p 12). In 
studies that used PCR, the 18S ribosomal RNA gene was 
most commonly targeted (47 [73%] of 64 studies; appendix 
p 12). Most studies (44 [65%] of 68) reported malaria 
infection data from maternal peripheral blood at delivery 
and were conducted in moderate and high transmission 

areas (51 [75%] of 68; appendix p 25). The availability of 
data on age and gravidity ranged from 87% to more than 
99% of participants, depending on the outcome, whereas 
the availability of other covariables ranged from 4% to 
96% (appendix p 26). Data on antimalarial use was 
available for 8371 (33%) of 25 401 women during 
pregnancy and for 20 295 (93%) of 21 820 participants at 
delivery with maternal blood testing and 17 693 (96%) of 
18 451 participants with placental blood testing. 
Antimalarials were reported to be used by 1054 (13%) of 
8371 women during pregnancy, 15 794 (78%) of 
20 295 participants with maternal blood testing at 
delivery, and 13 680 (77%) of 17 693 participants with 
placental blood testing (42% and 48% received ≥2 courses 
at delivery, respectively). Malaria test results and the 
proportion of participants with microscopy positive and 
NAAT negative results are shown in the appendix 
(pp 27–30).

The pooled prevalence estimates for peripheral blood 
in pregnancy (at enrolment for cohorts or trials or during 
surveys in pregnancy) were 14·6% (95% CI 12·1–17·4) 
for submicroscopic malaria (figure 2) and 9·7% 
(6·9–13·0) for microscopic malaria. Median prevalence 
estimates during pregnancy were similar: 13·5% (range 
0·0–55·9) for submicroscopic and 8·0% (0·0–50·6) for 
microscopic malaria (table 1). At delivery, when maternal 
peripheral blood was tested, pooled prevalence estimates 
were 10·1% (95% CI 8·0–12·4) for submicroscopic and 
4·0% (2·9–5·4) for microscopic infection. The prevalence 
of submicroscopic and microscopic malaria was highest 
in Africa within high transmission areas (table 1).

Among participants with NAATpositive infections, the 
pooled proportion of submicroscopic infections was 
62·5% (95% CI 56·5–68·3) during pregnancy, and at 
delivery, it was 72·3% (67·1–77·2) in peripheral blood and 
72·7% (66·8–78·3) in placental blood (table 1). The 
proportion of submicroscopic infections at delivery among 
women who had NAATpositive infections was highest in 
the Americas. In Africa, the proportion of women with 
submicroscopic infection was lower in areas of high 
transmission than in areas of low transmission during 
pregnancy, but not at delivery (figure 3; appendix pp 59–60). 
During pregnancy, 413 (9%) of 4856 partici pants with a 
NAATpositive infection had a documented fever or a 
history of fever in the previous 7 days, with a median of 
1·2% (range 0·0–36·4) of participants with submicroscopic 
infections having fever (39 substudies, 165 [5·6%] women 
had fever among 2926 women with submicroscopic 
infection). As expected, the risk of fever was higher among 
women with microscopic infections (median 9·0% [0·0–
100]) than among women without infections (3·8% 
[0·0–27·3], adjusted OR [aOR] 2·84, 95% CI 2·30–3·51; 
p<0·0001; appendix p 31). The risk of fever was also higher 
among women with submicroscopic malaria than among 
women without infections (1·29, 1·04–1·60; p=0·018), but 
when analysed by region, this finding was only evident in 
Africa (1·32, 1·02–1·72; p=0·038). In Asia and the 
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Americas, compared with women without infections, fever 
was more common among women with microscopic 
infection (4·07, 2·91–5·69; p<0·0001) but not among 
women with submicroscopic infections (1·11, 0·76–1·61; 
p=0·59; appendix p 31).

Conversely, among women with fever, the median 
proportion of participants with submicroscopic 

malaria was 0·0% (range 0·0–33·3) in the Americas 
(11 substudies, four [2%] had submicroscopic malaria 
out of 171 with fever), 2·7% (0·0–34·5) in Asia 
(12 substudies, 34 [6%] had submicroscopic malaria out 
of 578 with fever), and 25·3% (0·0–100) in Africa 
(17 substudies, 127 [25%] had submicroscopic malaria 
out of 513 with fever).

Figure 1: PRISMA flow diagram showing study selection process
IPD=individual participant data. *Items refer to articles, abstracts, reports, or theses. Items could publish from the same study. From the 200 items, 87 studies were 
identified that were eligible for IPD. †Reasons for non-availability of submicroscopic infections at the individual scale (excluded participants): nucleic acid amplification 
tests not conducted or not available or blood smear not available; submicroscopic information not available at all available timepoints (cohort studies); or only 
submicroscopic information for a random sample of participants but not for the full set. ‡One study had two publications which covered different time periods from the 
same study. §Studies from which data could be extracted.

609 items identified through database searching 
(search update Nov 10, 2021)

0 additional items identified through other 
sources including contact with researchers 

19 studies excluded  (20 069 participants)

409 items excluded
31 not in pregnant women
92 PCR for immunology, genetics, or other infection
95 drug efficacy or pharmacokinetics
38 comment, review, or proposal 

104 specific group, case report, or series 
42 no PCR or only PCR 

7 not enough information (conference abstracts)

609 items after removal of duplicates 

609 items screened for eligibility

200 items further evaluated*
87 studies eligible for IPD

45 studies with IPD included in analysis
54 099 total participants

48 869 participants with data
5230 participants without data†

42 studies for which IPD were not provided 
(34 734 participants)

1 no email address
9 no email response
4 could not find data
4 data not available

20 responded positive but not data provided
4 responded positive but data not usable 

23‡ studies with aggregate data included in analysis§ 
14 665 total participants

11 683 participants included in analysis
2982 participants excluded from analysis†

Submicroscopic malaria infections analyses

IPD Aggregated data

Pregnancy Delivery 
(maternal 
blood)

Delivery
(placental 
blood)

Pregnancy Delivery 
(maternal 
blood)

Delivery
(placental 
blood)

Included studies 28 32 29 10 14 13
Total participants 36 504 33 922 32 141 8288 5802 3977
Included participants 25 708 21 976 18 609 6622 4504 3035
Excluded participants 10 796 11 946 13 532 1666 1298 942
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Africa
Cottrell et al (2015)
Cottrell et al (2015)
Denoeud-Ndam et al (2013)
Cottrell et al (2015)
Accrombessi et al (2018)
Denoeud-Ndam et al (2013)*
Williams et al (2016)*
Kattenberg et al (2012)
Leke et al (2010)
Ntoumi et al (2016)*
Matangila et al (2014)*
Tadesse et al (2020)*
Williams et al (2016)*
Quakyi et al (2019)*
Quakyi et al (2019)*
Nwaefuna et al (2015)
Lamptey et al (2018)
Mockenhaupt et al (2000)
Williams et al (2016)*
Desai et al (2015)*
Desai et al (2015)*
Desai et al (2015)*
Desai et al (2015)*
Daud et al (2014)*
Samuels et al et al (2019)
Madanitsa et al et al (2016)*
Madanitsa et al (2016)*
Kapito-Tembo (2010)*
Madanitsa et al (2016)*
Madanitsa et al (2016)*
Madanitsa et al (2016)*
Madanitsa et al (2016)*
Cohee et al (2014)
Nkhoma et al (2017)
Williams et al (2016)*
Williams et al (2016)*
Fried et al (2018)
Williams et al (2016)*
Adam et al (2005)
Kakuru et al (2016)*
Briggs et al (2019)
Chico et al (2017)*
Subtotal  (I2=97·148%, p<0·0001) 
Asia and the Americas
Bardaji et al (2017)
Vasquez et al (2018)*
Gavina et al (2018)*
Vasquez et al (2020)*
Bardaji et al (2017)
Vasquez et al (2018)*
Vasquez et al (2020)
Vasquez et al (2018)*
Bardaji et al (2017)
Elbadry et al (2017)
Elbadry et al (2017)
Bardaji et al (2017)
Singh et al (2015)
Singh et al (2015)
Ahmed et al (2014)*
Ahmed et al (2019)
Pava et al (2016)
Ahmed et al (2019)
Stanisic et al (2015)*
Bardaji et al (2017)
Unger et al (2015)*
Unger et al (2015)*
Unger et al (2015)*
Unger et al (2015)*
Subtotal  (I2=96·725%, p<0·0001)
Overall 
Heterogeneity between groups: I2=97·695%, p<0·0001

Country

Benin
Benin
Benin
Benin
Benin
Benin
Burkina Faso
Burkina Faso
Cameroon
Congo (Brazzaville)
DR Congo
Ethiopia
The Gambia
Ghana
Ghana
Ghana
Ghana
Ghana
Ghana
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Malawi
Malawi
Malawi
Malawi
Malawi
Malawi
Malawi
Malawi
Malawi
Mali
Mali
Mali
Mali
Sudan
Uganda
Uganda
Zambia

Brazil
Colombia
Colombia
Colombia
Colombia
Colombia
Colombia
Colombia
Guatamala
Haiti
Haiti
India
India
India
Indonesia
Indonesia
Indonesia
Indonesia
Papua New Guinea
Papua New Guinea
Papua New Guinea
Papua New Guinea
Papua New Guinea
Papua New Guinea

Location

Come Central
Akodeha
Porto Novo
Ouedeme-Pedah
Soava and Akassato
Cotonou
Ziniare
Nanoro
Ngali II
Madibou
Kinshasa
Kafa zone
Basse
Maamobi
Kpone on-Sea
Central Ghana
Asutsuare
Agogo
Navrongo
Lwak
Madiany
Siaya
Bondo
Chulaimbo
Siaya
Chikwawa
Chikwawa
Thyolo
Mpemba
Mpemba
Madziabango
Madziabango
Blantyre
Mangochi district
Bamako
Kita
Ouelessebougou
San
New Halfa
Tororo
Busia district
Nchelenge

Manaus
Apartado, Turbo, El Bagre
Puerto Libertador
Tumaco
Tieralta
Tumaco
Quibdo
Quibdo
Fray Bartolome
South Haiti
Middle and north Haiti
Bikaner
Rajnandgaon
Bastar
Jayapura and Sumba
Sumba
Timika
Timika
Alexishafen
Madang
Madang
Mugil
Alexishafen-U
Yagaum

All
All
All
All
All
All
G1-2
All
All
All
All
All
G1-2
All
All
All
All
All
G1-2
All
All
All
All
All
All
G3-5
G1-2
All
G1-2
G3-5
G1-2
G3-5
G1-2
All
G1-2
G1-2
All
G1-2
All
All
All
All

All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All

PfPR2–10Gravitidy

11·75
12·69
16·03
16·41
20·55
22·38
47·29
63·07
67·99
18·30
12·74

1·09
7·86

17·19
17·19
22·20
27·75
36·28
60·65
11·17
13·49
13·71
16·77
20·28
38·15
11·35
11·35
15·42
17·98
17·98
18·93
18·93
23·67
27·87

5·18
31·14
49·62
50·86

0·71
13·03
45·93
37·51

0·04
0·00
0·00
0·00
0·00
0·01
0·53
1·21
0·00
0·00
0·05
0·01
0·05
2·10
0·00
0·12
4·75

24·80
0·01
0·12
0·47
0·49
1·39
2·06

Microscopic 
malaria, % (n/N)

12·9 (57/441)
19·4 (75/386)

6·8 (6/88)
20·1 (33/164)

4·8 (17/357)
4·9 (15/306)

41·6 (282/678)
28·9 (109/377)
40·0 (22/55)

6·9 (25/363)
20·2 (33/163)

2·0 (3/149)
6·1 (35/573)
3·5 (17/490)
3·8 (19/497)

20·9 (182/870)
4·0 (5/126)

32·4 (171/527)
45·4 (548/1206)
15·7 (54/343)
12·5 (57/455)
25·8 (56/217)
15·8 (64/406)
14·4 (16/111)
13·3 (64/481)

3·1 (3/96)
12·6 (36/286)

5·6 (61/1093)
15·4 (85/553)

6·2 (23/370)
25·5 (59/231)
11·4 (22/193)
12·3 (54/438)
8·5 (111/1307)
9·7 (14/145)

10·7 (19/178)
28·1 (521/1851)
32·7 (84/257)
12·0 (17/142)

1·3 (4/299)
50·6 (391/772)
31·5 (336/1067)

1·0 (3/299)
0·5 (1/209)
2·2 (4/184)
3·2 (15/469)
1·7 (5/300)
3·3 (4/120)
3·3 (13/392)
4·7 (5/106)
0·0 (0/300)
4·3 (4/94)
0·0 (0/210)
0·0 (0/293)
0·0 (0/1386)
2·3 (25/1086)
4·1 (104/2522)
0·4 (4/938)
9·1 (4/44)
3·0 (33/1090)

32·9 (113/343)
7·9 (20/252)
4·5 (66/1470)
3·4 (6/179)
9·2 (34/369)
8·1 (14/172)

Submicroscopic 
malaria, % (n/N)

18·8 (83/441)
24·9 (96/386)
27·3 (24/88)
28·7 (47/164)
30·3 (108/357)
33·7 (103/306)
17·1 (116/678)
24·4 (92/377)
20·0 (11/55)
11·8 (43/363)
9·8 (16/163)
2·0 (3/149)
5·8 (33/573)
5·9 (29/490)
5·0 (25/497)
7·7 (67/870)

11·1 (14/126)
31·1 (164/527)
11·7 (141/1206)
26·5 (91/343)
11·9 (54/455)
21·2 (46/217)
12·3 (50/406)
20·7 (23/111)
12·1 (58/481)
15·6 (15/96)
33·6 (96/286)

4·6 (50/1093)
38·0 (210/553)
24·1 (89/370)
35·9 (83/231)
30·1 (58/193)
10·5 (46/438)
18·4 (240/1307)

9·7 (14/145)
15·2 (27/178)
17·9 (331/1851)
14·0 (36/257)
28·2 (40/142)
55·9 (167/299)
31·3 (242/772)
26·7 (285/1067)

9·0 (27/299)
0·5 (1/209)
6·0 (11/184)
1·9 (9/469)
7·0 (21/300)
2·5 (3/120)
2·8 (11/392)
0·0 (0/106)

21·0 (63/300)
35·1 (33/94)

6·2 (13/210)
10·2 (30/293)

2·2 (30/1386)
2·7 (29/1086)
8·6 (216/2522)

17·7 (166/938)
18·2 (8/44)
13·0 (142/1090)
35·6 (122/343)
16·3 (41/252)

6·7 (99/1470)
8·9 (16/179)
9·8 (36/369)
4·7 (8/172)

Submicroscopic
proportion (95% CI)

18·8 (15·3–22·8)
24·9 (20·6–29·5)
27·3 (18·3–37·8)
28·7 (21·9–36·2)
30·3 (25·5–35·3)
33·7 (28·4–39·3)
17·1 (14·3–20·2)

24·4 (20·2–29·1)
20·0 (10·4–33·0)
11·8 (8·7–15·6)
9·8 (5·7–15·5)
2·0 (0·4–5·8)
5·8 (4·0–8·0)
5·9 (4·0–8·4)
5·0 (3·3–7·3)
7·7 (6·0–9·7)

11·1 (6·2–17·9)
31·1 (27·2–35·3)
11·7 (9·9–13·6)
26·5 (21·9–31·5)
11·9 (9·0–15·2)
21·2 (16·0–27·2)
12·3 (9·3–15·9)
20·7 (13·6–29·5)
12·1 (9·3–15·3)
15·6 (9·0–24·5)
33·6 (28·1–39·4)

4·6 (3·4–6·0)
38·0 (33·9–42·2)
24·1 (19·8–28·7)
35·9 (29·7–42·5)
30·1 (23·7–37·1)
10·5 (7·8–13·8)
18·4 (16·3–20·6)

9·7 (5·4–15·7)
15·2 (10·2–21·3)
17·9 (16·2–19·7)
14·0 (10·0–18·9)
28·2 (20·9–36·3)
55·9 (50·0–61·6)
31·3 (28·1–34·8)
26·7 (24·1–29·5)
18·8 (15·5–22·2)

9·0 (6·0–12·9)
0·5 (0·0–2·6)
6·0 (3·0–10·4)
1·9 (0·9–3·6)
7·0 (4·4–10·5)
2·5 (0·5–7·1)
2·8 (1·4–5·0)
0·0 (0·0–3·4)

21·0 (16·5–26·1)
35·1 (25·5–45·6)

6·2 (3·3–10·4)
10·2 (7·0–14·3)

2·2 (1·5–3·1)
2·7 (1·8–3·8)

8·6 (7·5–9·7)
17·7 (15·3–20·3)
18·2 (8·2–32·7)
13·0 (11·1–15·2)
35·6 (30·5–40·9)
16·3 (11·9–21·4)

6·7 (5·5–8·1)
8·9 (5·2–14·1)
9·8 (6·9–13·3)
4·7 (2·0–9·0)
8·4 (5·8–11·4)

14·6 (12·1–17·4)

Weight

1·54%
1·54%
1·41%
1·48%
1·54%
1·53%
1·56%
1·54%
1·32%
1·54%
1·48%
1·47%
1·55%
1·55%
1·55%
1·56%
1·45%
1·55%
1·57%
1·53%
1·55%
1·51%
1·54%
1·44%
1·55%
1·42%
1·52%
1·57%
1·55%
1·54%
1·51%
1·50%
1·54%
1·57%
1·47%
1·49%
1·57%
1·52%
1·47%
1·53%
1·56%
1·57%

63·75%

1·53%
1·50%
1·49%
1·55%
1·53%
1·45%
1·54%
1·43%
1·53%
1·42%
1·50%
1·53%
1·57%
1·57%
1·58%
1·57%
1·26%
1·57%
1·53%
1·52%
1·57%
1·49%
1·54%
1·49%

36·25%
100%

0·250 0·50 0·75 1·00
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14 (31%) of 45 studies that provided IPD reported 
speciesspecific results based on PCR, including five 
studies from Africa. In Africa, the proportion of infections 
due to P falciparum during pregnancy was similar among 
microscopic (median 98·1%, range 84·6–100) and 
submicroscopic infections (94·9%, 76·9–100; appendix 
p 32). In Asia and the Americas, P falciparum was 
responsible for a median of 75% (range 0·0–100) 
microscopic infections and 52·3% (0·0–100) sub
microscopic infections during pregnancy. In Asia and the 
Americas, the risk that an infection during pregnancy 
was submicroscopic and not microscopic was higher for 
P vivax (aOR 3·69, 95% CI 2·45–5·54; p<0·0001) or other 
monoinfections (7·86, 2·92–21·15; p<0·0001) than for 
P falciparum monoinfection (appendix p 33). Similar 
results were seen in the peripheral blood at delivery for 
P vivax (appendix p 33).

Microscopic infections were more prevalent than no 
infection in younger women (age <30 years) and in 
paucigravidae (ie, primigravidae and secundigravidae) in 
Africa (at any transmission level) but not in Asia (table 2). 
Microscopic infections were also more common than no 
infection in the rainy season compared with the dry 
season in high transmission areas in Africa (aOR 1·30, 
95% CI 1·14–1·48).

Submicroscopic infections were more prevalent among 
younger women (adjusted for gravidity, age <20 vs age 
≥30 years: aOR 1·59, 95% CI 1·21–2·10), but primigravid 
women were less likely to have submicroscopic infections 
than multigravid women (adjusted for age, primigravidae 
vs multigravidae: 0·65, 0·51–0·83) in high transmission 
areas in Africa. By contrast, in moderatetolow 
transmission areas in Africa, both women younger than 
20 years (1·94, 1·54–2·45) and primigravid women (1·23, 
1·01–1·51) had an increased risk of submicroscopic 
malaria infection.

Among participants with NAATpositive infections, 
women younger than 20 years were less likely to carry 
submicroscopic infections than women 30 years and 
older in all regions (aOR 0·49, 95% CI 0·37–0·66 for 
women aged <20 years in high transmission areas vs 
0·59, 0·41–0·85 for women younger than 20 years 
in moderatetolow transmission areas); the same 
pattern was seen for primigravid women in Africa 
(0·35, 0·28–0·45 for high transmission areas vs 0·51, 
0·38–0·68 for moderatetolow transmission areas) and 
Asia (0·73, 0·51–1·04; table 2).

When results were stratified by gravidity, women 
younger than 30 years were more at risk for microscopic 
infections than women who were 30 years and older in 
high transmission areas in Africa for all gravida groups, 
whereas women younger than 20 years in their second 
pregnancy were more at risk than women who were 
30 years and older in moderatetolow transmission areas 
in Africa and in Asia and the Americas (appendix p 34). 
First antenatal clinic visit was a protective factor for 
malaria infections in Africa whereas it was associated 
with a higher risk of malaria infection in the Americas 
and Asia (table 2). However, this finding could be a 
distortion: in high transmission areas in Africa, the only 
study that included first antenatal clinic visits included 
women in their first and second pregnancy only. The 
only studies outside of Africa that included first antenatal 
clinic visits were two studies in Asia with a higher 
malaria prevalence compared with the other studies.

When assessing predictors by species in Asia and the 
Americas, for P falciparum, microscopic infections were 
more common among women in their first and second 
pregnancy than women in their third pregnancy or more 
(aOR 1·39, 95% CI 0·95–2·04), whereas for P vivax, 
microscopic infections were less common among 
women in their first or second pregnancy (0·54, 
0·27–1·09; appendix p 37). Subgroup analysis for first 
antenatal clinic visits only, or the effect of inclusion of 
variables with a more restricted sample size (eg, HIV, 
gestational age, and antimalarial use) on the models, and 
for models at delivery are shown in the appendix 
(pp 38–48).

Nine cohort studies (five of which were trials) provided 
information on submicroscopic malaria at a consecutive 
scheduled followup visit; seven (78%) in Africa and two 
(22%) in Asia and the Americas (appendix pp 50, 62–65). 
In Asia and the Americas combined, only one (1%) of 
70 women with submicroscopic infection at enrolment 
presented with a submicroscopic infection at the 
subsequent visit (median 0·0% [range 0·0–11·1], interval 
27 days; appendix p 66) whereas no women had 
microscopic infections (≥95% used an antimalarial). In 
Africa, among 1009 women with a submicroscopic 
infection at enrolment, a median of 18·5% (range 7·7–56·0; 
median interval 50 days [range 14–125]) presented with 
submicroscopic infections at the subsequent visit, and 
8·5% (range 0·0–37·7, median interval 28 days [range 
14–101]) presented with microscopic infections at the 
subsequent visit. A median of 76·6% (range 0·0–95·0 by 
sublocation) of women received an antimalarial at 
enrolment (receipt of sulfadoxine–pyrimethamine, 
median 36·8% [range 0·0–54·2]).

Factors associated with submicroscopic and microscopic 
malaria at the consecutive visit after sub microscopic 
malaria at enrolment were high sulfadoxine–
pyrimethamine resistance and transmission level in 
the region (submicroscopic malaria at subsequent 
visit, aOR 2·36, 95% CI 1·04–5·36 for high 

Figure 2: Prevalence of submicroscopic malaria in pregnancy, by study, 
1998–2019
The pooled estimate was obtained using metaprop combining individual patient 
data and aggregated data, using information during pregnancy. Studies in Asia 
and the Pacific were included under Asia and studies in central or South America 
were included under the Americas. G1=primigravidae. G2=secundigravidae. 
G3+=multigravidae. PfPR2–10=Plasmodium falciparum prevalence among children 
aged 2–10 years at the year of study visit, as estimated by the Malaria Atlas Project. 
*Enrolment criteria could have affected parasite prevalence (appendix p 28). 
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sulfadoxine–pyrimethamine resistance in moderate
tolow trans mission areas, and 28·72, 9·67–85·29 for 
high sulfadoxine–pyrimethamine resistance in high 
transmission areas compared with high transmission 
areas with low sulfadoxine–pyrimethamine resistance; 
table 3). Submicroscopic malaria at enrolment and also at 
subsequent visits was seen more frequently in cohort 
studies than in trials (table 3). Submicroscopic malaria at 
subsequent visits was less likely in women who received 
dihydroartemisinin–piperaquine at enrolment compared 
with women who received other or no treatment (0·44, 
0·26–0·72). Rainy season at enrolment visit was a risk 
factor for microscopic malaria at subsequent visits after 
submicroscopic infection at enrolment (table 3).

Results among aggregated data and IPD did not 
show significant differences, except for the proportion 
of submicroscopic malaria among women with 
NAATpositive tests when testing maternal blood at 
delivery (median 77·2% [range 32·6–100] for IPD, n=3631 
vs 53·7% [16·7–100] for aggregated data, n=797; appendix 
p 50). Studies of higher quality in Asia were less likely to 
report submicroscopic malaria than studies in Asia with 
lower quality, but no other associations were noted by 
study quality in multivariable models (appendix p 51). 
Further results of sensitivity analyses are provided in the 
appendix (pp 12, 53–57).

Discussion
In this systematic review and metaanalysis of 68 studies, 
including 45 IPD and 23 aggregated datasets, most 
NAATdetected infections were submicroscopic, ranging 
from 59% during pregnancy to 71–74% at delivery. 
Infections were more likely to be submicroscopic in Asia 
and the Americas than in Africa. Submicroscopic 
infections were predictive of future episodes of 
submicroscopic or microscopic infections in areas of 
high malaria transmission and high sulfadoxine–
pyrimethamine resistance. Submicroscopic infections 
were also associated with fever in Africa, albeit less than 
among women with microscopic malaria.

In Africa, consistent with previous observations 
among nonpregnant populations,20 the proportion of 
submicroscopic malaria in pregnancy decreased with 
increasing transmission intensity. The higher proportion 
of submicroscopic malaria in pregnancy among 
individuals with malaria infections in lower transmission 
settings in Africa and in all settings in Asia and the 
Americas compared with high transmission areas in 
Africa is consistent with earlier studies among non
pregnant populations in lowendemic settings.20,21 Factors 
proposed to explain why parasite densities in nonpregnant 
populations are lower in low transmission settings could 
also apply to pregnant women. These factors are likely 
to be complex19,21 and could include differences in 
the predominant species, with P vivax and other non
falciparum species typically having lower parasite densities 
than P falciparum;19 the lower genetic diversity of parasite 

populations, enabling individuals to rapidly acquire 
immunity; and low infectious biting rates among Anopheles 
mosquitoes reducing the chance of superinfection.19,21,22 
Submicroscopic infections have been reported to be more 
likely in settings that have had a decline of malaria in the 
past 15 years than in settings where malaria is stable, 
probably due to the persistence of previously acquired 
immunity.21 Parasite characteristics such as low virulence 
might also contribute if they result in fewer clinical 
manifestations, making diagnosis and effective treatment 
of these infections less likely and resulting in chronic 
infections and a transmission advantage.22 Others have 
suggested zoonotic transmission of malaria outside of 
established malaria transmission areas as a reason for 
submicroscopic malaria in pregnancy.23

It is generally believed that in areas of low or unstable 
malaria transmission, such as in most of Asia and the 
Americas, where pregnant women have acquired less 
immunity than in higher transmission areas, infected 
women are more likely to develop microscopic and 
symptomatic malaria or severe disease when infected.24 
This belief is not supported by our findings. Indeed, in 
areas of high malaria transmission in Africa, women with 
submicroscopic infections were more likely to have fever 
than women with submicroscopic infections in Asia and 
the Americas or women living in areas of low malaria 
transmission in Africa. Higher parasite densities have 
been associated with clinical fever25 but submicroscopic 
infections generally have low parasite densities. However, 
by PCR, submicroscopic parasite densities were higher in 

Figure 3: Proportion of submicroscopic malaria among women with NAAT-positive test results by malaria 
transmission rate
Studies in Asia and the Pacific were combined under Asia; studies in central or South America were combined 
under 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); for 
modelling the graphs at delivery, one outlier at PfPR2–10 of 81% was omitted (for the plot for first antenatal clinic 
visit and by gravidity, see appendix pp 59–60). NAAT=nucleic acid amplification test (PCR or loop-mediated 
isothermal amplification). PfPR2–10=Plasmodium falciparum prevalence among children aged 2–10 years at the year 
of study visit, as estimated by the Malaria Atlas Project.
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high transmission areas than in areas of lower 
transmission.19 Submicroscopic infections have been 
associated with fever among children aged 2–10 years in 
highmalaria transmission areas of Uganda.26 It is possible 
that in moderatetohigh transmission areas, the more 
frequent exposure to infected mosquito bites results in 
malaria superinfec tions that fluctuate around the amount 
required for microscopic detection, whereas more virulent 
and new genetic strains could result in fever.

Women younger than 30 years and primigravid 
women were least likely to have submicroscopic 
densities when infected, as reported previously.27 This 
finding concurs with observations from a cohort study 
of individuals  who were not pregnant in Malawi, in 
whom persistent submicroscopic infections were more 
common and longer lasting among older people.28 
Malaria infections in women with HIV infection were 
also more likely to be detectable by microscopy. HIV is 

Available 
data, %

Any malaria infection vs no 
malaria

Microscopic infection vs no 
malaria

Submicroscopic infection vs 
no malaria

Risk of submicroscopic 
infections among women with 
NAAT-positive infections

aOR (95% CI) p value aOR (95% CI) p value aOR (95% CI) p value aOR (95% CI) p value

Africa, high transmission intensity* (base model, N=6351, 94·1% of available data, 8 sublocations†)

Age, years

<20 94·1% 2·43 (1·96–3·00) <0·0001 3·24 (2·53–4·15) <0·0001 1·59 (1·21–2·10) 0·0009 0·49 (0·37–0·66) <0·0001

20–29 94·1% 1·34 (1·14–1·57) 0·0003 1·64 (1·35–2·01) <0·0001 1·13 (0·94–1·36) 0·20 0·69 (0·55–0·86) 0·0008

≥30 94·1% 1 (ref) ·· 1 (ref) ·· 1 (ref) ·· 1 (ref) ··

Gravidity

Primigravidae 94·1% 1·24 (1·03–1·49) 0·026 1·84 (1·50–2·27) <0·0001 0·65 (0·51–0·83) 0·0007 0·35 (0·28–0·45) <0·0001

Secundigravidae 94·1% 0·95 (0·80–1·11) 0·50 1·21 (1·00–1·46) 0·044 0·73 (0·59–0·90) 0·0035 0·60 (0·49–0·75) <0·0001

Multigravidae or more 94·1% 1 (ref) ·· 1 (ref) ·· 1 (ref) ·· 1 (ref) ··

PfPR2–10 94·1% 1·02 (1·00–1·03) 0·0094 1·03 (1·02–1·04) <0·0001 1·00 (0·99–1·02) 0·64 0·98 (0·97–0·98) <0·0001

Rainy vs dry season 94·1% 1·18 (1·05–1·33) 0·0072 1·30 (1·14–1·48) 0·0001 0·98 (0·83–1·15) 0·80 0·75 (0·64–0·89) 0·0007

First antenatal clinic visit‡ 94·1% 0·50 (0·26–0·98) 0·045 0·50 (0·26–0·97) 0·039 0·48 (0·22–1·04) 0·06 0·96 (0·76–1·21) 0·71

Africa, high transmission intensity (base model with additional variables of interest with restricted sample size)

Gestational age, weeks§ 94·4% 1·00 (0·99–1·01) 0·88 1·00 (0·99–1·01) 0·99 1·00 (0·99–1·01) 0·75 1·00 (0·99–1·01) 0·84

HIV infection 58·8% 1·65 (1·13–2·41) 0·010 1·82 (1·17–2·83) 0·0075 1·47 (0·94–2·20) 0·090 0·81 (0·51–1·28) 0·37

Rural setting§ 24·3% 1·18 (0·76–1·82) 0·45 1·05 (0·76–1·45) 0·76 1·37 (0·92–2·04) 0·13 1·43 (0·91–2·24) 0·12

Antimalarial use§ 20·0% 0·32 (0·23–0·45) <0·0001 0·27 (0·18–0·40) <0·0001 0·56 (0·36–0·88) 0·011 2·08 (1·42–3·05) 0·0002

ITN use 69·5% 0·99 (0·87–1·12) 0·84 1·02 (0·89–1·18) 0·76 0·91 (0·77–1·09) 0·33 0·90 (0·75–1·08) 0·25

Any net use 86·1% 0·94 (0·84–1·06) 0·33 0·97 (0·85–1·10) 0·59 0·90 (0·77–1·04) 0·16 0·96 (0·82–1·12) 0·63

IRS 46·4% 0·98 (0·91–1·04) 0·46 0·95 (0·87–1·03) 0·21 1·00 (0·93–1·08) 0·90 1·06 (0·97–1·16) 0·21

Africa, moderate-to-low transmission intensity* (base model, N=8199, 98·2% of available data, 24 sublocations†)

Age, years

<20 98·2% 2·29 (1·87–2·81) <0·0001 3·31 (2·37–4·62) <0·0001 1·94 (1·54–2·45) <0·0001 0·59 (0·41–0·85) 0·0050

20–29 98·2% 1·26 (1·08–1·47) 0·0033 1·62 (1·23–2·14) 0·0007 1·15 (0·97–1·36) 0·11 0·71 (0·52–0·96) 0·0268

≥30 98·2% 1 (ref) ·· 1 (ref) ·· 1 (ref) ·· 1 (ref) ··

Gravidity

Primigravidae 98·2% 1·58 (1·34–1·88) <0·0001 2·43 (1·88–3·14) <0·0001 1·23 (1·01–1·51) 0·039 0·51 (0·38–0·68) <0·0001

Secundigravidae 98·2% 1·23 (1·06–1·43) 0·0078 1·42 (1·11–1·81) 0·0045 1·15 (0·96–1·36) 0·13 0·81 (0·61–1·06) 0·12

Multigravidae or more 98·2% 1 (ref) ·· 1 (ref) ·· 1 (ref) ·· 1 (ref) ··

PfPR2–10 98·2% 0·97 (0·95–0·98) 0·0015 0·97 (0·94–1·00) 0·031 0·97 (0·94–0·99) 0·0042 0·99 (0·97–1·02) 0·74

Rainy vs dry season 98·2% 0·96 (0·86–1·07) 0·42 0·95 (0·81–1·11) 0·48 0·96 (0·85–1·09) 0·52 1·02 (0·85–1·21) 0·86

First antenatal clinic visit‡ 98·2% 0·70 (0·37–1·30) 0·25 0·61 (0·32–1·16) 0·13 0·79 (0·39–1·58) 0·50 1·30 (0·70–2·40) 0·40

Africa, moderate-to-low transmission intensity (base model with additional variables of interest with restricted sample size)

Gestational age, weeks 88·7% 0·98 (0·96–0·99) 0·0002 0·97 (0·96–0·99) 0·0043 0·98 (0·96–0·99) 0·0053 1·00 (0·98–1·03) 0·65

HIV infection 90·6% 1·19 (0·84–1·67) 0·32 1·72 (1·04–2·86) 0·036 0·95 (0·63–1·43) 0·80 0·55 (0·30–1·00) 0·049

Rural setting 37·0% 1·41 (0·64–3·13) 0·39 2·58 (1·06–6·29) 0·037 1·13 (0·49–2·61) 0·78 0·44 (0·22–0·87) 0·018

Antimalarial use 17·7% 0·61 (0·25–3·51) 0·015 1·34 (0·80–2·26) 0·27 0·40 (0·23–0·68) 0·0007 0·39 (0·20–0·79) 0·0085

ITN use 14·5% 0·90 (0·63–1·29) 0·57 0·85 (0·49–1·48) 0·57 0·96 (0·62–1·47) 0·85 1·14 (0·59–2·20) 0·70

Any net use 66·3% 0·88 (0·76–1·02) 0·092 0·96 (0·78–1·19) 0·72 0·84 (0·71–1·00) 0·0447 0·87 (0·69–1·11) 0·26

IRS 50·2% 1·14 (0·82–1·58) 0·43 1·13 (0·71–1·82) 0·60 1·15 (0·79–1·68) 0·46 1·02 (0·60–1·71) 0·95

(Table 2 continues on next page)
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known to affect the development of immunity to malaria 
in pregnancy.29

The main advantage of IPD analysis is greater analytical 
flexibility. In IPD analysis, the effect of gravidity and age 
could be explored in greater depth than in an aggregated 
metaanalysis. The analyses included studies from all 
endemic regions and all parasite species, and the sample 
size was considerable. Of 68 studies, the majority were 
from Africa (54 [79%]), and 39 (57%) studies contributed 
crosssectional data, which might have been more likely to 
capture infections of longer duration compared with 
cohort studies. There are several limitations to our study. 
19 (22%) of 87 eligible studies identified did not contribute 
to the analyses, which could have introduced bias. The 

majority of participants came from trials and these 
participants might not represent women in reallife 
conditions because they could benefit from frequent 
followup, early detection, and prompt treatment of 
malaria infection.30 Additionally, PCR tests can 
overestimate parasite prevalence for a few weeks after 
treatment.10 Limits of detection for molecular methods 
of participating studies were generally not available. 
Furthermore, even though this analysis involved 68 studies, 
the numbers of participants in some subgroups were still 
low (eg, by species and for fever). Because of high 
heterogeneity when pooling prevalence data, we also 
presented the median and range; median and pooled 
estimates were generally similar (eg, table 1). Availability of 

Available 
data, %

Any malaria infection vs no 
malaria

Microscopic infection vs no 
malaria

Submicroscopic infection vs 
no malaria

Risk of submicroscopic 
infections among women with 
NAAT-positive infections

aOR (95% CI) p value aOR (95% CI) p value aOR (95% CI) p value aOR (95% CI) p value

(Continued from previous page)

The Americas and Asia (base model, N=10 068, 97·7% of available data, 22 sublocations†)

Age, years

<20 97·7% 1·58 (1·23–2·03) 0·0003 2·76 (1·73–4·39) <0·0001 1·31 (0·99–1·75) 0·061 0·48 (0·28–0·80) 0·0049

20–29 97·7% 1·18 (0·99–1·42) 0·071 1·66 (1·13–2·43) 0·0093 1·09 (0·90–1·33) 0·37 0·66 (0·44–0·99) 0·046

≥30 97·7% 1 (ref) ·· 1 (ref) ·· 1 (ref) ·· 1 (ref) ··

Gravidity

Primigravidae 97·7% 0·95 (0·80–1·14) 0·61 1·20 (0·87–1·64) 0·27 0·87 (0·71–1·07) 0·18 0·73 (0·51–1·04) 0·077

Secundigravidae 97·7% 0·99 (0·83–1·19 0·95 1·03 (0·73–1·45) 0·86 0·99 (0·81–1·20) 0·90 0·96 (0·66–1·39) 0·81

Multigravidae or more 97·7% 1 (ref) ·· 1 (ref) ·· 1 (ref) ·· 1 (ref) ··

PfPR2–10 97·7% 1·04 (1·02–1·07) 0·0014 1·00 (0·96–1·04) 0·90 1·06 (1·03–1·09) 0·0004 1·06 (1·01–1·12) 0·021

Rainy vs dry season 97·7% 1·05 (0·90–1·21) 0·56 1·24 (0·96–1·61) 0·10 0·98 (0·83–1·16) 0·83 0·79 (0·59–1·06) 0·11

First antenatal clinic visit‡ 97·7% 2·73 (0·86–8·68) 0·089 11·15 (2·26–54·97) 0·0031 1·93 (0·49–7·55) 0·35 0·15 (0·02–0·86) 0·034

The Americas vs Asia 97·7% 0·87 (0·32–2·32) 0·78 1·57 (0·39–6·31) 0·53 0·71 (0·22–2·29) 0·57 0·38 (0·08–1·84) 0·23

The Americas and Asia (base model with additional variables of interest with restricted sample size¶)

Gestational age, weeks 96·1% 1·00 (0·99–1·01) 0·51 0·99 (0·97–1·01) 0·17 1·00 (0·99–1·01) 0·98 1·01 (0·99–1·04) 0·22

Rural setting 80·7% 1·46 (1·20–1·76) <0·001 1·76 (1·25–2·46) 0·0010 1·34 (1·07–1·67) 0·012 0·77 (0·52–1·13) 0·18

Antimalarial use 52·5% 1·24 (0·90–1·70) 0·18 1·35 (0·88–2·09) 0·17 1·17 (0·80–1·72) 0·41 0·87 (0·52–1·45) 0·59

ITN use 53·6% 1·08 (0·86–1·37) 0·50 1·10 (0·78–1·55) 0·58 1·09 (0·83–1·44) 0·52 0·98 (0·65–1·48) 0·94

Any net use 88·2% 1·12 (0·96–1·31) 0·16 1·16 (0·88–1·54) 0·29 1·10 (0·92–1·31 0·29 0·95 (0·69–1·29) 0·73

IRS 36·6% 1·03 (0·76–1·39) 0·86 0·86 (0·39–1·91) 0·71 1·04 (0·75–1·44) 0·80 1·21 (0·52–2·83) 0·66

Multigravidae excluded secundigravidae. Available data refer to proportion of participants with an outcome on submicroscopic, microscopic, and no malaria. Studies in Asia and the Pacific were included under Asia; 
studies in central or South America were included under the Americas. In the multinomial model, the parameter estimates are relative to the referent group; for a unit change in the covariate the logit of the outcome 
is expected to change by its respective parameter estimate given the variables in the model are held constant (eg, for the probability of having microscopic malaria during pregnancy in high transmission areas in 
Africa, one increase in unit of PfPR2–10 resulted in an increase of 0·029 logit of microscopic malaria, which translates to an OR of 1·3 [exponent of 0·029]; this OR means that for 1 percentage point of increase in 
transmission there is a 3% increase in the odds of having microscopic malaria among pregnant women). aOR=adjusted OR. ITN=insecticide treated net. IRS=indoor residual spraying. LAMP=loop-mediated 
isothermal amplification. NAAT=nucleic acid amplification test (PCR or LAMP). OR=odds ratio. PfPR2–10=Plasmodium falciparum prevalence among children aged 2–10 years at the year of study visit, as estimated by the 
Malaria Atlas Project. *Africa, high transmission: PfPR2–10 ≥35%; Africa, moderate-to-low transmission: PfPR2–10 <35% (only 1 study [two sublocations] had PfPR2–10 <10%). In the model for Asia and the Americas, one 
study in Indonesia (9% of data), had PfPR2–10 of 25%, all other studies had a PfPR2–10 in the range of 0–5%, with 81% of studies having PfPR2–10 of <2%. PfPR2–10 was added as a continuous variable in all models. †Available 
data (data with information on microscopic infection, submicroscopic infection, and no malaria infection) in Africa, in high transmission areas: N=6746, nine sublocations (microscopic infection n=2455 [36·3%], 
submicroscopic infection n=1406 [20·8%], and no malaria infection n=2885 [42·8%]); in Africa, in moderate-to-low transmission areas: N=8350, 25 sublocations (microscopic infection n=949 [11·4%], 
submicroscopic infection n=1858 [22·3%], and no malaria infection n=5543 [66·4%]); and in the Americas and Asia: N=10 305, 23 sublocations (microscopic infection n=373 [3·6%], submicroscopic infection n=919 
[8·9%], and no malaria infection n=9013 [87·5%]). ‡Comparison group for first antenatal clinic visit was not first antenatal clinic visit or unknown whether first visit or not. For Africa, in high transmission areas, the 
protective effect of first antenatal clinic visit for microscopic malaria comes from one study that only included women in their first or second pregnancy compared with six studies in which visits were not first 
antenatal clinic visit, or this information was unknown. Exclusion of first antenatal clinic visits from this model did not result in meaningful changes for the other covariates (data not shown). §In Africa, in high 
transmission areas, models for gestational age were run without first antenatal clinic visit because of non-convergence; PfPR2–10 was not included in the model for submicroscopic vs microscopic malaria. In Africa, in 
high transmission areas: models for setting and antimalarial use did not include first antenatal clinic visit because all involved studies included women at any antenatal clinic visit, or it was unknown. PfPR2–10 was not 
included in the models of antimalarial use, rural setting, and any net use because of non-convergence. ¶There was insufficient information on HIV infection in studies in the Americas and Asia.

Table 2: Multivariable analyses of factors associated with malaria infections in pregnancy by type of infection and region, using individual participant data 
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followup information on submicroscopic malaria was 
scarce, with variation in followup schedules; there was no 
molecular confirmation at followup visits to discriminate 
new from persisting infections. NAAT and microscopy 
methods differed between studies, and there was a paucity 
of quantitative data on parasite density. Additionally, some 
covariates were only available in a small number of studies 
(eg, HIV infection) or were measured or defined differently 
across studies (eg, use of antimalarials or fever), restricting 
their use to broad categories only. The number of studies 
with information on submicroscopic malaria in low 
transmission areas in Africa was low (three in pregnancy, 
and two and three at delivery for women with maternal 
and placental blood testing, respectively), limiting the 
analyses that could be conducted. Finally, the analysis 
of microscopic infections was restricted to studies that 
assessed both microscopic and submicroscopic infections.

This systematic review and metaanalysis showed that 
NAATpositive infections during pregnancy and at 
delivery were more likely to be submicroscopic than 
microscopic. Submicroscopic infections were more often 
seen in women with malaria infection in Asia and the 
Americas, where malaria control in pregnancy mainly 
relies on screening pregnant women at the first antenatal 
clinic visit. Thus, many of these lowdensity infections 
will not be detected and remain untreated and could 
contribute to the onward transmission of malaria to 
mosquitoes.13,19,31 The use of more sensitive diagnostic 
methods could increase the proportion of women with 
lowdensity infection receiving appropriate treatment 
and eventually reduce the transmission reservoir. Further 
analysis of submicroscopic malaria is needed to better 
understand the effect of these infections on adverse 
pregnancy outcomes.32–34

Factors associated with 
submicroscopic infection at 
enrolment and at subsequent 
study visit* 

Factors associated with 
submicroscopic infection at 
enrolment and microscopic 
infection at subsequent study 
visit* 

aOR (95% CI) p value aOR (95% CI) p value

Age 1·01 (0·97–1·05) 0·55 0·95 (0·90–1·00) 0·074

Gravidity

Primigravidae 1·51 (0·96–2·35) 0·072 1·31 (0·72–2·36) 0·38

Multigravidae (secundigravidae or more) 1 (ref) ·· 1 (ref) ··

Sulfadoxine–pyrimethamine resistance markers and transmission rate†

High transmission, low sulfadoxine–pyrimethamine resistance 1 (ref) ·· 1 (ref) ··

Moderate-to-low transmission, high sulfadoxine–pyrimethamine resistance 2·36 (1·04–5·36) 0·040 0·49 (0·24–1·02) 0·056

High transmission, high sulfadoxine–pyrimethamine resistance 28·72 (9·67–85·29) <0·0001 21·04 (8·07–54·83) <0·0001

Rainy season vs dry 0·95 (0·68–1·33) 0·78 1·79 (1·14–2·81) 0·011

Study design

Cohort study 4·68 (2·15–10·17) 0·0001 3·37 (1·27–8·95) 0·015

Trial 1 (ref) ·· 1 (ref) ··

Antimalarial use reported at enrolment

None or unknown 1 (ref) ·· 1 (ref) ··

Sulfadoxine–pyrimethamine 0·81 (0·52–1·25) 0·35 1·04 (0·58–1·89) 0·89

Dihydroartemisinin–piperaquine 0·44 (0·26–0·72) 0·0011 0·68 (0·36–1·30) 0·24

High sulfadoxine-pyrimethamine resistance: Lys540Glu ≥30% in eastern and southern Africa and Ala437Gly ≥90% in central and western Africa; low sulfadoxine–
pyrimethamine resistance: Ala437Gly <90% in central and western Africa, or Lys540Glu <30% in eastern and southern Africa. High malaria transmission: PfPR2–10 ≥35%. 
Moderate-to-low malaria transmission: PfPR2–10 <35%. The corresponding aORs when using high transmission and high sulfadoxine–pyrimethamine resistance regions as 
baseline for submicroscopic malaria were 0·03 (95% CI 0·01–0·11; p<0·0001) for high transmission and low sulfadoxine–pyrimethamine resistance areas and 0·08 (0·04–0·19; 
p<0·0001) for moderate-to-low transmission and high sulfadoxine–pyrimethamine resistance areas. The corresponding aORs when using high transmission and high 
sulfadoxine–pyrimethamine resistance areas as baseline for microscopic malaria were 0·05 (0·02–0·13; p<0·0001) for high transmission and low sulfadoxine–pyrimethamine 
resistance areas and 0·02 (0·01–0·05; p<0·0001) for moderate-to-low transmission and high sulfadoxine–pyrimethamine resistance regions. For repeated submicroscopic 
malaria and submicroscopic malaria developing into microscopic malaria infection, the reference was no malaria at the consecutive scheduled study visit. Five studies had 
information on fever at the subsequent scheduled study visit (815 participants): fever was not associated with microscopic or submicroscopic infection (OR 1·19, 95% CI 
0·45–3·16; p=0·73 and 0·93, 0·42–2·06; p=0·87, respectively, no malaria infection as reference). aOR=adjusted odds ratio. IPTp=intermittent preventive treatment in 
pregnancy. OR=odds ratio. 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. *This analysis included 1009 participants in Africa from seven studies with submicroscopic malaria at enrolment (276 [27·4%] participants with submicroscopic 
infections and 126 [12·5%] participants with microscopic infections at the consecutive scheduled study visit, PfPR2–10 range 11–74%); two cohorts with IPTp with sulfadoxine–
pyrimethamine provision, one cohort before IPTp policy, and four trials (IPTp with sulfadoxine–pyrimethamine group and alternative groups). †All locations in moderate-to-
low transmission areas were in areas of high sulfadoxine–pyrimethamine resistance; for this reason, a combination variable of sulfadoxine–pyrimethamine resistance and 
transmission rate was created, indicating low-to-moderate-transmission and high sulfadoxine–pyrimethamine resistance, high transmission and low sulfadoxine–
pyrimethamine resistance, and high-transmission and high sulfadoxine–pyrimethamine resistance.

Table 3: Factors in studies in Africa associated with presence of submicroscopic malaria over two scheduled study visits or transition of submicroscopic 
malaria into microscopic malaria at a consecutive scheduled study visit, 2010–17
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