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Highlights
Patterns of malaria prevalence in preg-
nant women show strong correlation
with those observed in children, although
the relationship may be affected by vari-
ables such as the intensity of malaria
transmission, parity, and immunosup-
pressive conditions.

Malaria screening at ANC would provide
a routine measure of the malaria burden
in pregnancy, missing in most countries,
whilst potentially improving pregnancy
outcomes.
Women attending antenatal care (ANC) are a generally healthy, easy-access
population, contributing valuable data for infectious disease surveillance at the
community level. ANC-based malaria surveillance would provide a routine
measure of the malaria burden in pregnancy, which countries lack, whilst
potentially improving pregnancy outcomes. It could also offer contemporary
information on temporal trends and the geographic distribution of malaria
burden as well as intervention coverage in the population to guide resource
allocation and to assess progress towards elimination. Here, we review the
factors underlying the relationship between Plasmodium falciparum in
pregnancy and in the community, and outline strengths and limitations of an
ANC-based surveillance in sub-Saharan Africa, its potential role within wider ma-
laria surveillance systems, and subsequent programmatic applications.
ANC may offer an effective basis to pro-
vide actionable information for analysis
of malaria trends, stratification and plan-
ning of resource allocation, as well as
an adjunct for approaches aiming to
investigate foci of transmission andmea-
sure progress towards elimination.

ANC-based prevalence could bench-
mark case-reporting trends at health
facilities and triangulate with changes in
prevalence between surveys, allowing
routine data to better inform global
burden estimation.
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Surveilling Malaria
The burden of malaria is highly heterogeneous at a range of spatial scales, driven by ecological
and socioeconomic factors that affect access to preventive interventions and treatment [1,2].
As a result, the detection, characterization, and monitoring of malaria through strategic use of
surveillance (see Glossary) data are needed to inform optimal and equitable allocation of inter-
ventions tailored to local patterns of risk [3,4].

Despite substantial improvements in diagnosis and reporting systems inmany countries, estimating
malaria trends directly from passive detection of clinical malaria cases at health facilities remains
difficult due to challenges associated with availability of access to care and the estimation of de-
nominator populations [5]. Hence, routine surveillance data are currently judged to be too unreliable
by the World Health Organization to estimate national-level malaria cases and deaths in most
countries in Africa [6]. Instead, estimates of burden, alongside other indicators such as intervention
uptake, are commonly based upon infection prevalence in children aged under 5, collected through
nationally representative household surveys. However, their expensemeans that these surveys are
typically carried out every 2–3 years and lack power to estimate prevalence beyond the first admin-
istrative unit as well as to detect trends when transmission declines to low levels [7], limiting the ex-
tent to which resources can be allocated effectively in a timely and targeted manner. Moreover,
current surveillance systems lack tools to monitor prevention efforts in pregnant women, a key
risk group in whichmalaria infection can lead to anaemia, low birthweight and stillbirth, and contrib-
ute to neonatal mortality [8]. This is particularly the case in areas of high transmission, when nega-
tive outcomes will often occur in women who experience infection asymptomatically [9].

Surveillance strategies that target convenient sub-populations have been suggested as a
cost-efficient approach to obtainmore reliable information onmalaria burden at amore operation-
ally relevant spatial and temporal resolution [10]. Convenience sampling has been used success-
fully for infectious diseases such as schistosomiasis (school-based surveys [11]) or arbovirus
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Glossary
Antenatal care (ANC): a type of
preventive healthcare which aims to
provide regular check-ups that allow
doctors or midwives to treat and prevent
potential health problems throughout
the course of the pregnancy and to
promote healthy lifestyles that benefit
both mother and child.
Asymptomatic malaria: presence of
parasites in the blood not accompanied
by symptoms of malaria.
Convenient population: individuals
easily accessible because they are
present in a central locale.
Coverage: a fraction of the population
of a specific area that receives a
particular intervention.
Health-seeking behaviour: any
action undertaken by individuals who
perceive themselves to have a health
problem or to be ill for the purpose of
finding an appropriate remedy.
Hotspots: areas where malaria
transmission intensity exceeds the
average level.
Intermittent preventive treatment
during pregnancy (IPTp): a full
therapeutic course of antimalarial
medicine given to pregnant women at
routine antenatal visits, regardless of
whether the woman is infected with
malaria, currently recommended by
WHO in all areas with moderate to high
malaria transmission in Africa.
Malaria test positivity rate: the
proportion of diagnostic tests that are
positive for malaria. It is an alternative
indicator of malaria morbidity to
overcome the challenges of interpreting
routine surveillance data in settings
where testing rates are variable, or
denominator populations are hard to
define.
Mass drug administration:
administration of antimalarial treatment
to all age groups of a defined population
or every person living in a defined
geographical area (except those for
whom the medicine is contraindicated)
at approximately the same time and
often at repeated intervals.
Passive-detection systems:
detection of malaria cases among
patients who, on their own initiative, visit
health services for diagnosis and
treatment, usually for a febrile illness.
Population-based survey: a survey
conducted in a representative sample of
selected age groups to estimate the
prevalence of malaria and coverage of
interventions. Current standards for
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(blood donor screening [12]). As a generally healthy population attending a routine health system
contact, information fromwomen at antenatal care (ANC) clinics has provided valuable informa-
tion about infectious disease trends, such as HIV [13] and syphilis [14].

Integratingmalaria surveillance at the first ANC visit constitutes a potential easy-to-implement and
cost-effective approach to providing a continuousmeasure of themalaria burden in pregnancy as
well as to complement classical surveys for trackingmalaria transmission in the community. In this
opinion article we consider epidemiological and immunological evidence that suggests that
P. falciparum estimates obtained from pregnant women are representative of trends in the com-
munity (children under 5 or 2–10 years of age), point to factors that affect this relationship and dis-
cuss strengths, limitations, as well as programmatic applications where ANC-based malaria
surveillance could provide added value to existing surveillance systems in sub-Saharan Africa.

The Relationship between Malaria in Pregnancy and in Children
Studies conducted in the 1950s in Sierra Leone showed that pregnant women exhibited
the same prevalence of P. falciparum infection and corresponding seasonal changes as
schoolchildren aged 5–7 years [15]. Similarly, trends of P. falciparum infection among pregnant
Mozambican women studied between 2003 and 2012 mirrored trends in malaria-related outpa-
tient visits [16]. A meta-analysis of studies conducted in Africa showed a strong correlation be-
tween P. falciparum prevalence in pregnant women, mostly from community-based surveys,
and children from the same population [17]. Malaria prevalence among pregnant women at
their first ANC visit and infants 9–12 months of age attending routine health services for measles
vaccination showed a good spatial and temporal correlation in a pilot study conducted in
Tanzania [18]. A strong relationship has been estimated between clinical incidence of malaria in
children under 5 years and ANC prevalence in the Democratic Republic of Congo between
2010 and 2016 [19]. Overall, these studies support the notion that measures of malaria obtained
from pregnant women reflect malaria trends among children in the same community.

The prevalence of P. falciparum infection in pregnant women, as measured by slide microscopy
(SM), is generally higher than in nonpregnant women within the same population [20]. Increased
attraction of mosquitoes during pregnancy [21] has been implicated in this enhanced susceptibil-
ity, as well as physiological and immune adaptations required to accommodate the foetus [22].
However, differences in parasite prevalence and density by gravidity and gestational time highlight
the key role of malaria-specific immune responses [20], in particular those directed against anti-
genic variants presented by P. falciparum parasites that accumulate in the placenta [23]. Such
placental sequestration is mediated by binding of parasite VAR2CSA [24], a 350 kDa
multidomain variant antigen expressed on the surface of infected erythrocytes, to chondroitin sul-
fate A (CSA) in the syncytiotrophoblast [25]. In conditions of high transmission, development of
immunity against VAR2CSA after exposure to placental parasites is associated with a parity-
dependent reduction in the prevalence and density of infection [9]. This acquisition of immunity
likely contributes to the observation that survey prevalence in pregnant women, as measured
by rapid diagnostic tests (RDTs) or SM, is similar to that in young children in areas of low transmis-
sion, whereas in areas of high transmission prevalence in pregnancy is substantially lower than in
children, due primarily to low prevalence in multigravidae [17]. Further research is needed to un-
derstand the impact of coinfections and comorbidities that affect antimalarial immunity and thus
the risk of malaria in pregnancy, such as HIV [26], helminths [27], and malnutrition [28], on the re-
lationship of P. falciparum prevalence among pregnant women and children.

Low-density parasitaemia is likely to be common at the beginning of pregnancy due to infections
acquired prior to conception [29–31]. However, particularly in primigravidae, these infections
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such surveys are malaria indicator
surveys and related demographic and
health surveys or multiple-indicator
cluster surveys.
Seasonal malaria
chemoprevention: intermittent
administration of full treatment courses
of an antimalarial medicine to children
during the malaria season to prevent
malarial illness. This intervention is
recommended only for areas with highly
seasonal malaria, where transmission
occurs during a few months of the year.
Surveillance: continuous, systematic
collection, analysis, and interpretation of
disease-specific data and use in
planning, implementing, and evaluating
public health practice. Surveillance can
be done at different levels of the
healthcare system (e.g., health facilities,
the community), with different detection
systems (e.g., case-based: active or
passive), and sampling strategies (e.g.,
sentinel sites, surveys).
VAR2CSA: a variant antigen belonging
to the P. falciparum erythrocyte
membrane protein 1 (PfEMP1) family
that mediates parasite sequestration in
the placenta though its adhesion to
chondroitin sulfate A (CSA).
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multiply to high densities after being selected for binding to CSA in the placenta, increasing the
likelihood of detection using SM or RDTs. If infections observed during pregnancy mainly result
from a boosting of those acquired before pregnancy [31], trends in prevalence among pregnant
women may lag behind prevalence in children. Moreover, as the malaria burden in pregnancy
in high-transmission settings is mostly driven by asymptomatic infections, it is likely to lag
substantially behind patterns of clinical disease in the general population. This is consistent with
findings from the Democratic Republic of Congo where high clinical incidence rates in children
under 5 were associated with an increased risk of a positive RDT in pregnant women for the
next 3 months [19] as well as from seasonal settings where women remain at high risk of infection
at ANC throughout the dry season [29].

ANC-Based Testing as a Routine Surveillance Resource
Although an easy-access and relatively low-cost data source, limited resources require that the
benefits of implementing ANC-based surveillance (i.e., collecting the result of a malaria test and
administering a questionnaire) are considered alongside approaches to improve existing passive
case-reporting systems (Figure 1). The potential benefits of a continuous surveillance approach at
ANC clinics to complement existing surveillance systems in Africa are manifold.

Monitoring Malaria in Pregnancy
Though empirically highly correlated, the relationship between P. falciparum prevalence in chil-
dren and in pregnant women appears nonlinear [17], likely due, at least in part, to the effects of
acquired immunity to placental infection. Within settings with highly seasonal transmission, the
high risk of malaria in pregnancy throughout dry seasons [29] supports previous modelling [32]
in suggesting that declines in malaria burden in the wider population will not necessarily be directly
proportional to those in pregnancy. This highlights the value of monitoringmalaria in pregnancy as
an independent, direct, measure of malaria burden. Capturing disparities in the prevalence in
pregnant women and the general population within a ‘dashboard’ of routine malaria indicators
could help policy makers make more informed decisions about resource allocation and equity,
particularly given the low uptake of long-lasting insecticidal nets in women immediately prior to
their first pregnancy [33]. When using ANC-based data for the wider population, these disparities
become biases that would need to be accounted for, analogous to the well-known fertility biases
inherent in using HIV prevalence in pregnancy for sentinel purposes [34]. In particular, adjusting
for gravidity or restricting analysis to primigravidae [17] may improve the ability of ANC data to
capture population-level prevalence trends.

Triangulation of Malaria Trends
ANC coverage and uptake is high, and improving, in sub-Saharan Africa (Box 1), with most
women attending ANC clinics at least once during pregnancy, even in many hard-to-reach rural
areas in Africa [35]. As the contact with the health facility is driven by pregnancy rather than illness,
ANC data are probably less subject to biases associated with variations in healthcare-seeking be-
haviour than measures obtained through cases reported within the same health facility [36]. Test-
ing generally healthy women at their first scheduled ANC visit, before they have received standard
malaria prevention given at antenatal clinics, could provide a measure of asymptomatic preva-
lence. Routine testing within a scheduled ANC contact would reduce biases associated with de-
cisions to test, especially as strategies and criteria for identifying suspected malaria cases can
differ by setting [5]. Similarly, ANC surveillance would not be affected by rates of nonmalarial fe-
brile illness [37], which are likely to influence themalaria test positivity rate (TPR) in individuals
with fever [38]. This would, however, ideally require an appropriate data entry and health manage-
ment information system to distinguish between positive infections within women being tested
routinely at a first scheduled visit from the testing of pregnant women with malaria symptoms
Trends in Parasitology, September 2019, Vol. 35, No. 9 679



Affected by health-seeking behaviour
Subject to RDT stock-outs

Does not measure MiP risk/burden

New surveillance system
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Figure 1. Advantages and Disadvantages of Using Pregnant Women at Antenatal Care (ANC) Clinics as Sentinel Populations for Malaria Surveillance
over Other Surveillance Methods. The figure represents the pros and cons of Plasmodium falciparum surveillance at ANC clinics compared with main surveillance
approaches operating in sub-Saharan Africa. The primary source to estimate malaria burden in Africa has been population-based health surveys (top), usually undertaken
at the province level at widely spaced intervals due to operational challenges and high cost. Passive surveillance of malaria cases (left) through appropriate health manage-
ment information systems (HMISs) offers more granular and contemporaneous data on a routine basis. Although HMISs are already established in most African countries,
and are a key focus of National Malaria Control Programs, the quality of data has often been poor with a general lack of timeliness, completeness, and accuracy [61,62].
Moreover, meaningful incidence rates require good estimates of the size of the health catchment population, which is unlikely to be available in many parts of sub-Saharan
Africa [63]. As an alternative to incidence, test positivity rate (TPR) is likely to be affected by the rates of nonmalarial febrile illness [37]. Thus, any estimates of burden derived
from passive case systems are likely to be highly sensitive to health-seeking behaviours, the decisions to test, and the burden of asymptomatic infections. An ANC-based
surveillance of malaria (right) would require setting up a new surveillance system and additional resources for testing and treatment. However, the numerical superiority and
continuous nature of ANC data, compared with standard national surveys, would likely support substantial potential applications while being less affected by variations in
health-seeking behaviours, as women attend ANC clinics because they are pregnant rather than due to illness. Routine testing at the first ANC visit would also reduce
biases associated with decisions to test and provide information about asymptomatic infections. Moreover, as malaria surveillance at ANC clinics would measure preva-
lence, the estimates would be more stable to mis-specification of population denominator, offering valuable information to complement existing surveillance systems in
Africa. Abbreviations: MiP, malaria in pregnancy; RDT, rapid diagnostic test.
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during unscheduled visits or those later in pregnancy. ANC data could thus provide a means by
which to benchmark trends within cases at the facility level, allowing triangulation with changes in
prevalence between nationally representative health surveys, and offer complementary informa-
tion to elucidate real underlying changes in malaria burden or transmission. Finally, women at
ANC clinics could also be conveniently surveyed about the use of malaria preventive measures,
potentially allowing a real-time assessment of intervention coverage and progress in programme
implementation, in contrast to information collected frommore sporadic national surveys. As a re-
sult, ANC-based surveillance could substantially improve the returns on investments countries
have made in upgrading case-reporting systems and wider health system strengthening.
680 Trends in Parasitology, September 2019, Vol. 35, No. 9
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Box 1. Use of ANC Services in sub-Saharan Africa

ANC aims to prevent or ensure early treatment of pregnancy complications through systematic assessments, women’s education, screening for foetal development,
and early detection of mother and baby abnormalities [55]. ANC is universally accepted to be the most important determinant of pregnancy outcomes, is strongly
associated with a reduction in maternal deaths [56], and represents an important entry point for different programmes and provision of integrated care, including:
(i) identification and management of obstetric complications, reproductive tract infections, HIV and anaemia; (ii) vaccination with recommended vaccines; (iii) malaria
prevention (insecticide-treated mosquito nets and IPTp with SP [57], except for women at first trimester given safety contraindications of SP) in all areas with moderate
to high malaria transmission in Africa; and (iv) advice on nutrition, including micronutrient supplements such as iron and folic acid.

WHO currently recommends a 'standard' model of attaining at least eight ANC visits [58]. However, inequity in ANC persists [59]. Globally, 86% of pregnant women
access antenatal care with skilled health personnel at least oncei, being more than 95% in industrialized countries, 78% in sub-Saharan Africa [35] (Figure I), and
69% in South Asia. However, only 62% globally receive at least four antenatal care visits (52% in sub-Saharan Africa)i. Moreover, in Africa, 80% of women in the richest
quintile have access to three or more ANC visits, while only 48% of the poorest women have the same level of access. A similar disparity exists between urban and rural
womenii. Innovative strategies targeting financial and cultural factors are needed to increase access and uptake of ANC.
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Figure I. Antenatal Care (ANC) Attendance in sub-Saharan Africa (Data fromiii).
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However, malaria surveillance at ANC clinics would still require documentation of the effects of
antenatal seeking rates and practices, including the impact that private ANC clinics and fee-for-
service models can have on the representativeness and generalizability of the data (Box 2), as
part of the validation process.

Increasing Resolution
Up-to-date estimates of subnational burden are critical when it comes to the development of
national strategic plans. Data from ANC clinics, which are well distributed geographically, could
provide guidance for tailoring sampling schemes to underlying patterns of risk, especially when
malaria prevalence is low and powering surveys to detect trends becomes impractical even at
the level of the first administrative unit. The resolution achieved by an ANC-surveillance approach
would depend on the distribution and sample sizes achievable at ANC clinics at a particular loca-
tion and time-point, which are naturally constrained by the number of women searching for ANC.
Assuming 3–5% annual pregnancies in most African populations, an 80% attendance rate for at
least one ANC visit and a 20–30% proportion of first-time pregnancies, between 0.8 and
1.4 million data points (0.2 to 0.4 million of these from primigravid women) would be expected
Trends in Parasitology, September 2019, Vol. 35, No. 9 681
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Box 2. Representativeness and Generalizability

The extent to which pregnant women attending antenatal clinics are representative of all pregnant women in a country is
affected by nonattendance at antenatal clinics, attendance at private clinics, and the location of surveillance clinics.

• ANC attendance. The use of ANC clinics may be linked to demographic characteristics (e.g., place of residence,
educational level, socioeconomic status, or parity) that could also be related to malaria risk. Women who do not attend
antenatal clinics are often more rural, less literate, and older than women who utilize antenatal clinics. This source of
selection bias is likely to be small in malaria-endemic Africa where 78% of women attend an antenatal clinic at least
once [35]iv. In countries where this is not the case, hybrid prevalence estimators that combine data from relatively
small random community surveys with the convenience sample obtained from ANC clinics could provide more accu-
rate information, as has been done for HIV [60].

• Rural pregnant women. Including ANC serving pregnant women in rural areas, which are often remote, smaller, and
with low client volume, can be challenging. However, under-representation of rural ANC attendees may bias estimates
downwards, as malaria prevalence is probably higher in these women.

• Attendance at private ANC clinics. In countries where the number of pregnant women accessing private ANC is large or
growing, under-representation of private clinics in surveillance could introduce bias if the populations of pregnant
women attending private and public ANC differ with regard to malaria exposure.

In general, representativeness of ANC surveys may critically depend on the level and equity of antenatal care as well as on
health-seeking behaviours and attitudes. Other potential biases to take into account include participation bias (if choice
in who gets tested is allowed), selection bias (if pregnant women whose routine data are collected for surveillance differ in
an important way from pregnant womenwhose data are not collected), information bias (if surveillance design, methods or
structure, quality or availability of data collected changes during timer), and measurement bias (if there are systematic
errors in the measurement or classification of surveillance parameters or variables, such as malaria-testing results).

Trends in Parasitology

682 Trends in Parasitology, September 2019, Vol. 35, No. 9
annually from a country with 35 million inhabitants. For comparison, as of July 2018, the Malaria
Atlas Projectv, which attempts to archive all P. falciparum and Plasmodium vivax malaria preva-
lence survey data collected globally since 1975, contains data from 5 188 396 people examined.
As a result, the likely numerical superiority of ANC-based surveillance compared with standard
national surveys will not be affected by reductions in infertility rates reported in Africavi, especially
given that fertility rates are usually higher in rural areas where malaria is most concentrated and
that the per-capita rate of first pregnancies is likely to remain relatively constant. Thus, testing
all ANC attendees within a first administrative unit in a given year, the resolution at which
population-based surveys are typically powered, could provide sample sizes orders of magni-
tude greater than those financially feasible within a survey. Those numbers would allow much
more precise estimation of trends and prevalence at a more operationally relevant resolution,
such as the second administrative level or beyond.

Adjunct for Elimination
As transmission declines, the geographical distribution of P. falciparum infections becomes more
heterogeneous [2]. This increases the potential error associated with population-based survey
approaches due to inadequate sampling of infection hotspots within randomly selected survey
clusters. In settings in which malaria is being eliminated, ANC-based malaria surveillance has
the potential to contribute to the identification of foci of continuing transmission which are not
captured by case-based surveillance, and to help disentangle situations where transmission is
self-sustaining from those driven by imported cases who seek care. This could allow a better
targeting of residual pockets of transmission using interventions such as indoor residual spraying
or focal drug administration.

Measuring Impact
The incremental benefit of having an additional measure of population prevalence, such as
ANC-based surveillance, in addition to case-reporting systems will also depend strongly
upon the combinations of interventions within a setting and the extent to which they are
likely to affect the relationship between malaria transmission and malaria burden. For exam-
ple, settings implementing seasonal malaria chemoprevention in children, where TPR is
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likely to be a particularly unreliable indicator of endemicity, are likely to benefit from a mea-
sure of ongoing transmission when attempting to assess the effectiveness of this interven-
tion. Similarly, in settings implementing mass drug administration, an intervention in
which pregnant women are deliberately excluded, measuring trends in asymptomatic infec-
tion would provide an indication of the impact upon transmission over and above the direct
impact of chemoprophylaxis.

Other Applications from ANC Surveillance Using Alternative Assays
As a continuous, well-distributed and easy-access group, women attending ANC clinics provide an
attractive sampling population for measures of exposure to malaria beyond simply presence or
absence of parasite infection (Figure 2). The molecular analysis of P. falciparum isolates collected
from pregnant women may provide a means to characterize genetic signatures of malaria transmis-
sion intensity (complexity of infection or genetic relatedness), gene flow, and parasite adaptations to
avoid clearance (molecular markers of antimalarial resistance) and detection (deletions of parasite
genes codifying for antigens targeted by rapid diagnostic test) [39,40]. Future studies should test if
the specific selection of parasites in the placenta leads to a difference in the prevalence of such par-
asite markers in pregnant women and children (see Outstanding Questions).
Malaria burden in pregnant women
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Figure 2. Potential Uses and Added Value of Antenatal Care (ANC)-Based Surveillance for Malaria. At first ANC contact, data on malaria infection can be
collected in a continuous way as part of routine services without requiring any additional sampling, together with screening for HIV, syphilis, and anaemia. Malaria
screening at ANC would provide a routine measure of the malaria burden in pregnancy, which countries lack, whilst potentially improving pregnancy outcomes. As
ANC clinics are well distributed, andmost Africanwomen attend them at least once, they could potentially increase resolution and precision of estimates generated through
national surveys. Continuous (year-round) surveillance at ANC clinics may provide contemporary information on temporal trends, the geographic distribution of malaria
burden, signals of sustained decreases in transmission due to an intervention (e.g., seasonal malaria chemoprevention), and early warning signals to rises in transmission.
The recording of information about the use of malaria preventivemeasures could potentially allow a real-time assessment of intervention coverage in the population to guide
resource allocation and to assess progress towards elimination. Antibodies against VAR2CSA, which are developed after exposure to placental parasites, may provide an
adjunct to detect recent infections or document historical changes in transmission. Finally, women attending ANCmay also constitute a convenient sampling population for
the assessment of the parasite's geneticmake-up (i.e., complexity of infection), drug resistance gene flow between populations, and adaptations developed by the parasite
to control strategies, such as antimalarial resistance and deletions of antigens targeted by rapid diagnostic tests that can compromise diagnosis, treatment, and preven-
tion. Abbreviations: IPTp, intermittent preventive treatment during pregnancy; MDA, mass drug administration.
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Outstanding Questions
What is the optimal approach to estimate
the burden of malaria in the general
population from malaria prevalence in
pregnant women? How do gravidity,
gestational age, and comorbidities
(malnutrition, coinfections) affect this
relationship?

What are the social and behavioural
determinants of ANC use that can
affect the representativeness and
generalizability of malaria metrics ob-
tained at antenatal clinics? Does the
care-seeking behaviour of pregnant
women and the coverage of ANC
clinics lead to less biased estimates of
malaria burden than those obtained
from sick children at outpatient
departments?

Which is the optimal ANC surveillance
design to provide representative esti-
mates of malaria in the community?
What sample size is needed to maxi-
mize precision for a given cost? How
to effectively integrate data from ANC
surveillance, community surveys, and
clinical cases to guide decision making
for malaria control and elimination?

How similar is the information on
intervention coverage obtained from
pregnant women and from population-
based surveys?

Does pregnancy-specific serology
provide added value to generate esti-
mates of malaria and to take action?

Are parasite populations within pregnant
women representative of the general
population, and can they be used for
genetic surveillance (e.g., antimalarial
resistance markers, gene deletions,
complexity of infection, genetic polymor-
phisms of vaccine candidates)?

What threshold of parasite detection is
needed to produce precise malaria
estimates? Which is the best
diagnostic tool to produce actionable
surveillance data and benefit pregnant
women?

What are the healthcare workers’ and
pregnant women’s perceptions of the
appropriateness, acceptability, and
feasibility of an ANC-based surveillance
of malaria? What is the cost associated
with the large-scale implementation of
such a surveillance approach?

Trends in Parasitology
As pregnant women develop antibodies against VAR2CSA after single or very limited exposures to
placental parasites [41], appropriately chosen antibodies against immunogenic nonpolymorphic
epitopes could provide information about a woman’s history of exposure during a very specific
window of exposure (i.e., a pregnancy) [42]. Because primigravidae have not previously been
exposed to placental-type parasites, seropositivity for VAR2CSA would indicate an infection
acquired during the period of pregnancy elapsed until sampling. As different VAR2CSA domains
elicit IgG responses with varying magnitudes and dynamics [43,44], VAR2CSA serosurveillance
could be tuned to different uses based on the half-life of the antibodies targeted. The use of a
point-of-care serological test to detect short half-lived antibodies against VAR2CSA in pregnant
women, or among recently pregnant women attending health facilities for infant immunization,
would allow quantification of recent infections, while detection of IgG responses of longer duration
may be useful to document historical changes in transmission by samplingmultigravidae or women
of child-bearing age. Understanding the value of those data over parasite prevalence for a more
sensitive estimation of malaria transmission, for the detection of hotspots or as a cost-efficient
adjunct approach to document freedom from infection [45], needs to be determined.

Clinical Considerations
Ensuring optimal care for women who provide the data at ANC clinics would be of paramount
importance and, by participating in testing, women should receive at least the standard of care
they would receive in the absence of the test. From the second trimester onwards in African preg-
nant women, this would be intermittent preventive treatment during pregnancy (IPTp) with
sulfadoxine-pyrimethamine (SP). RDT-negative women may still harbour low-density infection
and will gain benefit from receiving SP, both from having any such parasites cleared and from
the prophylaxis period against subsequent new infection the drug confers [46]. As a result,
these women should not be left unprotected and should continue to receive IPTp with a drug
at least as efficacious as SP. For test-positive women, the choice of treatment drug needs to
be considered carefully both in terms of the likelihood the drug will clear infection and the period
of prophylaxis it subsequently provides relative to SP, which itself will depend upon the degree of
parasite resistance to SP [33]. Particular care will be necessary inWest Africa, where SP is likely to
have a longer prophylactic profile than some artemisinin combination therapies used for first-line
treatment, such as artemether-lumefantrine [47]. Outside of Africa, where IPTp is generally not
provided, routine testing may have substantial benefits for women with asymptomatic infection.
Routine screening for infection at the first ANC visit for this purpose is already national policy in
Indonesia [48].

ANC surveillance may also contribute to improve the health of the approximately 24% pregnant
women in the sub-Saharan region who begin ANC in the first trimester [49], a number that
might increase during the following years given improved utilization and quality of ANC [50].
Malaria infections in the first trimester are highly prevalent [9,30,51] and are associated with
maternal anaemia, miscarriages, and low birthweight [51,52]. As IPTp with SP cannot be given
to women in the first trimester [53], ANC-surveillance could provide benefit to the tested
women by identifying and treating those with asymptomatic but detectable parasitaemias who
are excluded from IPTp due to drug safety concerns.

Concluding Remarks
There is an urgent need to optimize the impact of malaria control and elimination strategies in
countries through strategic use of easily accessible information. The integration of malaria surveil-
lance at ANC clinics with other surveillance systems could be beneficial not only to better charac-
terize malaria infection and prevention in pregnant women, and subsequent impact on maternal
and neonatal health, but also as a source of actionable information for malaria control and
684 Trends in Parasitology, September 2019, Vol. 35, No. 9
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elimination within the wider population. It could also lead to better care, and more informed
decision-making around malaria prevention, for the woman and her baby. Continuous routine
screening of pregnant women at ANC clinics is likely to cause relatively little disruption to clinic
flow, as pregnant women already have blood drawn for routine ANC screening. Increases in
health staff workload associated with additional testing in an already constrained environment
may be resolved with experience and proficiency with the testing procedures [54]. However,
other bottlenecks to scale-up an ANC-based surveillance, such as test stock-outs and the
requirement for sustained funding, need be considered. More studies are required to better
characterize the relationship between malaria infection in pregnant women and in less than 5 or
2–10 year old children, as well as the optimal approach and minimum data required to infer
population-level trends from routine ANC-based testing (see Outstanding Questions). However,
antenatal malaria surveillance has a high potential to complement household surveys as a source
of much higher spatial and temporal resolution prevalence data to better monitor progress
towards control targets and to tailor interventions according to local levels of transmission.
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