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Maternal Hookworm Infection and Its Effects on Maternal Health: A Systematic Review and
Meta-Analysis

Tara E. Ness,1* Vedika Agrawal,2 Kathryn Bedard,1 Lara Ouellette,3 Timothy A. Erickson,1,4 Peter Hotez,1,4,5,6,7 and
Jill E. Weatherhead1,2,4

1Department of Pediatrics, Baylor College of Medicine, Houston, Texas; 2Department of Medicine, Baylor College of Medicine, Houston, Texas;
3TexasMedical Center Library, Houston, Texas; 4National School of Tropical Medicine, Baylor College ofMedicine, Houston, Texas; 5Department

of Molecular Virology and Microbiology, Baylor College of Medicine, Houston, Texas; 6Hagler Institute for Advanced Study at Texas A&M
University, College Station, Texas; 7Department of Biology, Baylor University, Waco, Texas

Abstract. Hookworm is an intestinal parasite that infects nearly 230 million people, with another 5.1 billion at risk,
especially in poverty-stricken tropical and subtropical regions. Pregnancy is an especially vulnerable time for hookworm
infection becauseof its effect onbothmaternal and subsequently fetal health. A systematic reviewandmeta-analysiswas
conducted. Themeta-analysis was performed on the association betweenmaternal hookworm andmaternal anemia, as
well as maternal hookworm coinfection with malaria. The prevalence of hookworm ranged from 1% to 78% in pregnant
women, whereas malaria prevalence ranged from 11% to 81%. Pregnant women with hookworm infection were more
likely to have anemia (combined odds ratio [cOR] 2.55 [2.20, 2.96], P < 0.001). In addition, pregnant woman with hook-
worm were more likely to have malaria coinfection (cOR 1.60 [1.38, 1.86], P < 0.001). Other effects on maternal and child
health were investigated and summarized without systematic review or meta-analysis because of the limited study
numbers. Despite current deworming recommendations in pregnant women, heavy hookworm burden, coinfection with
malaria, and subsequent anemia persist. Although this is likely due, in part, to a lack of implementation of preventive
chemotherapy, additional interventions such as health education, proper wastemanagement, or linkingmalaria and soil-
transmitted helminth treatment and prevention programs may also be needed. Further investigations on maternal–child
outcomes as a result of hookworm infection during pregnancy will highlight public health interventional targets to reduce
morbidity in pregnant women and children globally.

Hookworm is a common helminthic parasite, infecting
nearly 230 million people globally, particularly in subtropical
and tropical areas of poverty. During pregnancy, hookworm
can affect the mother and may also affect the developing fe-
tus, making it an important time for targeted public health in-
terventions. We conducted a review and analysis of research
published on hookworm infection during pregnancy over the
last 10 years to provide an updated perspective on the prev-
alence and current impact of infection. The prevalence of
hookworm during pregnancy ranged from 1% to 78%,
showing that evenwith current deworming recommendations,
hookworm infection persists in some regions likely because of
inadequate implementation. The results showed pregnant
women with hookworm infection were more likely to have
anemia than pregnant women without hookworm infection
(combined odds ratio [cOR] 2.55 [2.20, 2.96], P < 0.001). In
addition, pregnant women with hookworm infection were
more likely to have malaria coinfection (cOR 1.60 [1.38, 1.86],
P < 0.001) than pregnant womenwithout hookworm infection.
Anemia during pregnancy is concerning as it has been asso-
ciatedwith increased incidence of low birth weight, premature
birth, and maternal mortality. The impact of maternal hook-
worm on infant cognitive development, infant birth outcomes,
infant vaccine response, and maternal coinfection with HIV
represents critical areas of further research.

INTRODUCTION

Soil-transmitted helminths (STHs), including Trichuris tri-
chiura, Ascaris lumbricoides, and hookworm (Ancylostoma

duodenale and Necator americanus) are parasitic worms
infecting more than 1 billion people living in areas of extreme
poverty and rank among the most common infectious agents
of humans.1 Hookworms infect nearly 230 million people
globally living in areas of extreme poverty and lacking ap-
propriate sanitation and access to clean water, especially in
tropical and subtropical climates. They parasitize the gastro-
intestinal tract causingblood loss that can result in anemia and
severemorbidity, estimated at 4 million disability-adjusted life
years (DALYs) worldwide.1,2 As such, hookworm exhibits the
highest disease burden among all STHs.
Hookworm larvae enter into the human host from soil by

penetrating the skin and migrating through blood vessels to
the heart and then lungs. There, they penetrate the pulmonary
alveoli, ascend to the pharynx, and are swallowed by the host
to reside in the small intestines. Adult worms develop from the
larvae and embed themselves into the intestinal wall, causing
anemia through their ingestion of the host’s blood. Although
mild anemia may be asymptomatic, it can also cause weak-
ness, fatigue, shortness of breath, tachycardia, and poor
concentration. In addition to anemia, high worm burdens of
the two main human hookworm species, A. duodenale and
N. americanus, can lead to abdominal pain, diarrhea, loss of
appetite, weight loss, and fatigue.3 In children, chronic
hookworm infection and anemia also result in cognitive and
physical growth delays,4 whereas adults with hookworm ex-
hibit declines in work performance and productivity.5 In so
doing, hookworm infection reinforces poverty in low- and
middle-income countries.6

There is also increasing evidence for the disproportionate
impact of hookworm infection and anemia on girls and
women.7 Pregnancy is a particularly vulnerable time period for
women tobe infectedas infectionwith thesehelminthshas the
potential to negatively affect maternal health andmay have an
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impact on the developing fetus. A previous systematic review
and meta-analysis conducted over 10 years ago in 2008, be-
fore implementation of widespread deworming protocols,
demonstrated hookworm infection during pregnancy is spe-
cifically associated with low hemoglobin (Hb) levels in preg-
nant women.8 As a result of the poor outcomes associated
with hookworm during pregnancy, in 2002, the WHO sup-
ported treatment of hookworm using benzimidazoles (alben-
dazole and mebendazole) during pregnancy in areas where
the prevalence of hookworm and T. trichiura infection excee-
ded 20–30%.9 Although the safety of benzimidazole use
during pregnancy was not clear at that time, a recent sys-
tematic review has shown that adverse effects, even during
the first trimester, are unlikely.10

This study aimed at evaluating the impact of hookworm
during pregnancy on maternal and child outcomes in the
current WHO-recommended era of routine treatment of
hookworm during pregnancy. Over the past 10 years, there
has been a modest decline in hookworm by 28.5%1 which
may be due, in part, to hookworm treatment in high-risk
groups living in endemic regions. However, this systematic
review and meta-analysis demonstrates the persistence of
hookworm and anemia as well as hookworm and malaria
coinfection in pregnant women. The findings highlight the
urgency of implementing the new 2017–2018 WHO recom-
mendations for providing preventive chemotherapy for
pregnant women after the first trimester in regions where
hookworm prevalence is greater than or equal to 20% and the
prevalence of anemia is greater than 40% among pregnant
women.11,12 This review includes studies impacted by the
2002 recommendation to treat hookworm during pregnancy,
but likely not yet affectedby the2017–2018 recommendations
to implement preventative chemotherapy to pregnant women
in endemic areas.

METHODS

Study design. Before the beginning of the review, the
research question, types of participants, types of studies,
and inclusion/exclusion criteria were outlined, and a pro-
tocol was developed. The protocol was registered in the
PROSPERO registry of systematic reviews (registration
number: CRD42018084942). A preliminary, non-systematic
searchwas conducted on January 1, 2018 using PubMed to
identify potential outcomes related to maternal hookworm
infection specifically: the impact of maternal hookworm on
maternal anemia and the impact of maternal hookworm on
maternal coinfection with malaria. Outside of these two
outcomes, studies highlighting other maternal (i.e., C-
reactive protein [CRP]/inflammation and non-malarial coin-
fection) and infant (birth weight, infant anemia, and infant
development) outcomes did not have enough study num-
bers for a robust systematic review and meta-analysis. The
non-systematic review study results are summarized under
“Other Results” but are otherwise not included in the sys-
tematic review or meta-analysis. A systematic review was
subsequently performed on the impact of maternal hook-
worm on maternal anemia and the impact of maternal
hookworm on maternal coinfection with malaria. The in-
clusion criteria were human studies involving pregnant
women who were diagnosed during their pregnancy with
hookworm via diagnostic stool examination and were also

tested for anemia and/or malaria during their pregnancy.
Studies in all languages were included. We limited the
search from 2008 to current to capture those studies not
included within the previous review published in 2008 and
to provide a more up-to-date representation of the epi-
demic after implementation of the 2002WHO guidelines for
treatment of pregnant women with STH.
Comprehensive search. A comprehensive and structured

search was completed by a trained medical librarian to de-
termine the effects of hookworm infection during pregnancy
on maternal health, specifically regarding the conditions of
anemia and malaria. Using Medline Ovid (Medline on OvidSP)
as the standard and foundational database, three overarching
concepts were explored and developed: hookworm infec-
tions, pregnancy and maternal health, and anemia/malaria.
Each concept was expounded on using both controlled and
natural languages. Our search terms included “hookworm,”
“helminths,” “Ancylostoma,” or “Necator” in combination with
“pregnancy” or “maternal” plus “anemia” or “malaria.” Medi-
cal Subject Headings (MeSH) terms were identified, and
keywords were pulled along with various synonyms. The
keywords were searched using the title, abstract, and key-
word fields within the Medline Ovid database. Once each
concept was thoroughly built, the three concepts were added
together to create one comprehensive search. The search
results were restricted from 2008 to current.
The search was approved by T. E. N. and J. E. W. and then

translated to Embase and the Cochrane Library. The only gray
literature included was that through the Embase database.
The final searches were all run on January 25, 2019 in each
database. The results were uploaded to the EndNote citation
manager for de-duplication. De-duplication was completed
on January 28, 2019both internally and externally. It should be
noted that the searches were run during a government shut-
down, which may have affected the content and timing of
updates of the databases. A search rerun and update was
conducted on August 5, 2019 with de-duplication completed
internally and externally. There was no government shutdown
to affect the outcome of the updated results. This resulted in a
total of 516 independent studies, which included the gray lit-
erature such as conference abstracts. Our PRISMAdiagram is
shown in Figure 1. Our MeSH terms are provided under
Supplemental Materials.
Search coverage. Medline Ovid* MEDLINE(R) and Epub

Ahead of Print, In-Process &OtherNon-IndexedCitations and
Daily (1946 to August 2, 2019).
Embase* (1947 to August 5, 2019).
Cochrane Library* (including Cochrane Database of Sys-

tematic Reviews, and Cochrane CENTRAL (trials) through
August 5, 2019).
Study selection.We included cross-sectional cohort, case

series, and randomizedcontrol trials in our review.Conference
abstracts were considered and were included when complete
data were available, either within the abstract itself or through
communication with the authors. We did not include other
reviews but screened the studies they used and their refer-
ences for any additional studies that were not captured by our
search strategy. Studies were excluded if they did not in-
vestigate the impact of hookworm infection during pregnancy
or did not indicate Hb levels. In addition, studies were ex-
cluded if they reported “helminth infection” and did not have
additional information on hookworm, specifically. Search
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results were reviewed in a non-blinded fashion by T. E. N. and
V. A., and abstracts and full articles were reviewed when rel-
evance was not definitive. No disagreements arose between
the reviewers. Before performing the meta-analysis with se-
lectedstudies, T. E.N. andJ.E.W. evaluatedeach studybased
on the quality of data and appropriateness of the study for

inclusion with the appraisal tool for cross-sectional studies
(AXIS),13 including the diagnostic methods used for hook-
worm, anemia, and malaria diagnosis, definition of data vari-
ables (such as Hb level for determining anemia), study
population, study limitations, statistical analysis, and ethical
considerations.

FIGURE 1. PRISMA flow diagram of study selection. This figure appears in color at www.ajtmh.org.
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Data collection and analysis.Data were extracted by T. E.
N. and J. E.W.,which included the study setting, studydesign,
number of individuals in the study, hookworm prevalence,
method of hookworm diagnosis, definition of anemia (when
available), malaria prevalence (when available), and the num-
ber of individuals with and without the outcome of interest
(anemia or malaria). When data necessary for meta-analysis
were not readily available, an email was sent to the study au-
thors requesting the additional information needed. If there
wasno response, a follow-up email was sent either to themain
author or an additional author when contact details were
available.
Prevalence of hookworm in the study population was noted

when available. When prevalence of hookworm was not ex-
plicitly stated, it was calculated by the authors based on the
data that were presented within the study. Data were input
into RevMan, and references were organized in Mendeley.
Hookworm infection was designated as “presence” or “ab-
sence” of human hookworm species (A. duodenale and/or
N. americanus) based on stool studies (stool microscopy)
unless otherwise noted. Maternal anemia was defined based
on the individual study criteria, however, in most cases was
based on the WHO definition of Hb < 11. Maternal malaria
infection was designated as “present” or “absent” based on
the presence of malaria parasite on blood smears. Studies
varied in their adjustment for different variables; as a result,
comparisonsweremadewithout any adjustments. A “pooled”
or cOR was created for our two outcomes (maternal anemia
or maternal coinfection with malaria) to describe the overall
effect when all studies were considered. The analysis was
performed using a fixed-effects model (Mantel–Haenszel
method) in RevMan for the production of cORs, CIs, tests of
heterogeneity, and production of forest plots. RevMan was
used to produce the funnel plots to also assess for publi-
cation bias in the included studies. In addition, an Egger’s
analysis was completed to investigate overall bias in the
meta-analysis.

RESULTS

A comprehensive literature search returned 516 studies
(Figure 1). Four hundred thirty-seven studies were excluded
because theydidnotmeet the inclusioncriteria (did not involve
pregnant human individuals, were not related to hookworm
infection, hookworm infection was not diagnosed during
pregnancy, orwere editorials or reviewson the subject). Forty-
eight articles addressed the topic of interest but did not report
raw data that could be used for analysis, and the data were
unable to be obtained from the studies’ authors after at least
two email inquiries. Eleven review articles were noted in the
systematic review and excluded from the analysis based on
not meeting the inclusion criteria; however, these were
screened for additional studies potentially missed by the
systematic review.14–24 Based on this approach, one new
study that met the inclusion criteria was identified from a re-
view and incorporated into the meta-analysis.16,25 From the
search, contact with authors, and screening of studies used in
relevant reviews, 32 total studies reflecting 32 cohorts were
included in our qualitative analysis. Nine studies were ex-
cluded from the quantitative meta-analysis on maternal ane-
mia and hookworm infection after using the AXIS tool
assessing study quality and appropriateness of data. One

study was excluded because of the hookworm data not being
fully published per study authors,26 and eight studies were
excluded because of having unclear definitions of anemia or
having a definition of anemia that was not consistent with the
WHO definition and our other included studies (Hb < 11).27–34

One of these studies already excluded on the basis of anemia
definition also had patient self-report as the method of
hookworm diagnosis31 and so was not used in the maternal
malaria and hookworm coinfection meta-analysis. After these
exclusions, 23 studies were included for meta-analysis, 13 of
which investigated hookwormduring pregnancy andmaternal
anemia, nine of which investigated maternal malaria coin-
fection and one study which investigated both outcomes. The
32 studies for qualitative analysis have their characteristics
described in the tables but are not otherwise included in the
meta-analysis, including thecalculationof cORsorproduction
of forest plots.
Study characteristics. Studies investigating hookworm

during pregnancy during the study period were conducted in
Africa (Ethiopia, Gabon, Ghana, Malawi, Nigeria, Tanzania,
and Uganda), South America (Peru), Asia (Bangladesh, Nepal,
Thai–Burmese border, and Vietnam) andOceania (PapuaNew
Guinea). Table 1 shows hookworm prevalence data as well as
the study period and method of stool processing and hook-
worm diagnosis, arranged alphabetically by the T. E. N.
Prevalence was lowest in Tanzania at 0.3% and highest in
Vietnam at 78%.Within the country of Ethiopia, which had the
most studies performed, prevalence ranged from 9% to 29%.
No clear trend in prevalence was identified based on the

geographical location or study publication date. Fifteen
studies (10 investigating anemia and five investigatingmalaria
coinfection) had hookworm prevalence over 20% in pregnant
women, meeting the new WHO’s 2017 recommendation for
routine deworming in pregnant women in these areas if ane-
mia prevalence is > 40%.
Hookworm and maternal anemia association. Twenty-

three studies presented data on hookworm occurrence and
maternal anemia during pregnancy representing 18,419
pregnant women. Studies were conducted in Bangladesh,
Ethiopia, Ghana, Kenya, Nigeria, Papua New Guinea, Peru,
Nepal, Tanzania, Uganda, and Vietnam. Ethiopia had themost
studies conducted on the topic, nine in total. Study charac-
teristics are summarized in Table 2.
Using the data extracted from the 14 identified stud-

ies as determined by the AXIS tool criteria for meta-
analysis,25,36,38,41,42,44,45,47–50,52,53,55 a cOR and forest plot
was generated (Figure 2). Pregnant women with hookworm
infection were more likely to have anemia (cOR 2.55 [2.20,
2.96], P < 0.001) than pregnant women without hookworm,
whichwas demonstrated in nine of the 14 studies. The I2 value
of 89% indicates considerable heterogeneity, and the Eggers
analysis showed a P-value > 0.05 (P = 0.103), indicating there
is not substantial bias in the 14 studies. The funnel plot is
available under Supplemental Materials showing no sub-
stantial bias.
As previously mentioned, the most recent WHO guidelines

recommend routine preventive chemotherapy in pregnant
women after the first trimester in areas with a prevalence
of hookworm greater than 20% and anemia prevalence
> 40%.11,12 A subset analysis of the impact of maternal
hookworm infection on anemia in regions above and below
this guideline cutoff was performed. As expected in areaswith
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hookworm prevalence greater than 20%, pregnant women
with hookworm infectionweremore likely to have anemia than
pregnant women without hookworm (cOR of 1.71 [1.42, 2.05],
P < 0.001). Interestingly, in areas with hookworm prevalence
less than 20%, pregnantwomenwith hookworm infection had
increased risk of having anemiawith a cORof 6.07 [4.66, 7.91],
P < 0.001. Two studies, with different definitions of anemia,
reported intensity of infection with regard to maternal anemia,
and both showed increasing crude and adjusted odds ratios
with increasing intensity of hookworm infection as determined
by eggs per gram of stool.32,44

Hookworm and maternal malaria coinfection. Eleven
studies presented data on the association of maternal hook-
worm during pregnancy and coinfection with malaria, pro-
viding a total of 12,993 pregnant women. These studies took
place in Ethiopia, Gabon, Ghana, Kenya, Malawi, Nigeria,
Tanzania, the Thai–Burmese border, andUganda. Themalaria
prevalence in these studies ranged from 11% to 81%. Study
characteristics are summarized in Table 3.
Using thedata extracted from10of these studies after using

the AXIS tool, a cOR and forest plot was generated (Figure 3).
Pregnant women with hookworm infection weremore likely to
have malaria (cOR 1.60 [1.38, 1.86], P < 0.001) than pregnant
women without hookworm infection. The I2 value of 8% indi-
cates minimal heterogeneity, and the Egger’s analysis had a

P-value > 0.05 (P = 0.462), indicating there is not substantial
bias within the studies. A funnel plot is available under
SupplementaryMaterials and did not showany bias. Although
the overall effect was significant, only five of the studies
showed a significant effect on their individual study level.
Other results. In the preliminary review of the topic of

hookworm during pregnancy, several studies identifying ad-
ditional effects of maternal hookworm (i.e., infant outcomes
and maternal coinfection with HIV) were identified; however,
insufficient studies were available to perform a systematic
review and meta-analysis. Despite the exclusion from the
systematic review and meta-analysis, these studies highlight
critical areas of future research on hookworm during preg-
nancy. Two studies investigated the association between
maternal hookworm infection and maternal HIV status.57,58

Onestudy found that hookworm infectionwasassociatedwith
a higher mean HIV viral load during pregnancy,57 whereas the
other showed an inverse association between hookworm and
HIV viral load in pregnant women.58 Despite the lower HIV viral
loads in hookworm coinfection in theWoodburn et al.57 study,
this study still demonstrated a lower CD4 count in HIV and
hookworm coinfected pregnant women, suggesting an im-
portant impact of HIV and hookworm on the immunologic
health of pregnant women. One study aimed at evaluating the
effect of hookworm infection during pregnancy on overall

TABLE 1
Prevalence of hookworm in studies included in systematic review and meta-analysis

Study Country Hookworm (%) Study period Stool processing and diagnostics for hookworm

Adegnika35 Gabon 27 April 2003–July 2004 Kato–Katz
Agu27 Nigeria 17 April 2011–July 2011 Wet mount
Aikawa28 Vietnam 21 July 2003 and January 2004 Formalin–ether concentration
Baingana36 Uganda 67 March 2009–June 2009 Formol–diethyl ether concentration
Boel37* Thai–Burmese border 69 1996 Formalin–ethyl acetate sedimentation
Boel37* Thai–Burmese border 55 2007 Formalin–ethyl acetate sedimentation
Bolka38 Ethiopia 11 June–July 2018 Formalin–ether concentration
Ebuy29 Ethiopia 29 July–August 2016 Wet mount
Ekejindu39 Nigeria 27 Unclear Sodium chloride flotation
Fairley40 Kenya 32 2000–2005 Formol–ether method
Feleke41 Ethiopia 19 November 2014–May 2015 Formalin/filtration concentration
Fuseini25 Ghana 7 August–November 2005 Stool microscopy
Getachew42 Ethiopia 25 August–September 2001 McMaster concentration
Getachew43

† Ethiopia 25 August–September 2001 McMaster concentration
Gyorkos44 Peru 46 April–July 2004 Kato–Katz
Hailu45 Ethiopia 22 February 2017–June 2017 Formol–ether concentration
Hillier46 Uganda 45 April 2003–November 2005 Kato–Katz
Kumera47 Ethiopia 11 July and August 2016 Formaldehyde–ether sedimentation
Lebso48 Ethiopia 15 May–June 2015 Wet mount
Lindstrom30 Bangladesh 1 January–December 2002 Stool analysis
Mahande31 Tanzania 0 (0.3) 2000–2011 Patient self-report
Makhoul32 Nepal 29 2005–2006 Kato–Katz
Melku49 Ethiopia 9 March 2012–April 2012 Wet mount
Mengist50 Ethiopia 18 November 2015–January 2016 10% Formalin (fresh specimens) and

formalin–ether concentration (preserved)
Mutuku26 Kenya 9 2013–2014 Ritchie’s concentration
Ndyomugyenyi33 Uganda 5 January 2003–May 2004 Kato–Katz
Ojurongbe51 Nigeria 2 October 2012–May 2013 Direct saline and formol–ether

concentration
Phuanukoonnon52 Papua New Guinea 18 April 2008–September 2009 Direct mount with saline
Tay34 Ghana 8 April–July 2012 Formol–ether concentration
Thi Tran53 Vietnam 35 January 2014–December 2016 Kato–Katz
Thigpen54 Malawi 14 November 2002–September 2004 Kato–Katz
van Eijk55 Kenya 40 July 2003 Modification of formol–ether and ethyl

acetate concentration and Kato–Katz
Yatich56 Ghana 4 November–December 2006 Kato–Katz
Data are rounded to the nearest percentile to allow for uniformity.
* This study includes data from two cross-sectional analyses performed in 1996 and 2007, respectively.
†Getachew 2012 and 2013 published on same cohort with same location and hookworm prevalence.
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inflammationbymeasuringCRP. Thisparticular studyshowed
a positive association between maternal hookworm in-
fection during pregnancy and CRP, possibly explained by
tissue damage and inflammation.59 However, other investi-
gations have shown hookwormmay downregulate the immune
response via suppression of tumor necrosis factor α-regulated
pro-inflammatory pathways.60 Several studies investigated in-
fant vaccine response in regard to maternal hookworm in-
fection; however, the results weremixed, withmost studies not
showing a change in infant antibody levels in response to

vaccination.61–64 Of the studies investigating infant birth
outcomes, one showed maternal hookworm infection was
associated with low infant birth weight65; one showed an
association with preterm delivery, low birth weight, small for
gestational age, and/or infant anemia51; and one showed
that maternal infection with hookworm was associated with
reduced low birth weight in the infant compared with that
without infection.66 An additional study found maternal
hookworm infection was associated with infant anemia,67

and another showed an association with hookworm at the

TABLE 2
Characteristics of studies investigating hookworm and maternal anemia during pregnancy

Study Location Study type Population Anemia definition
Anemia

prevalence (%)

Agu27 Nigeria Cross-sectional 226 pregnant women Hb < 10 g/dL 40
Aikawa28 Vietnam Cross-sectional 886 pregnant women (666 with

stool available)
Hb < 10 g/dL 13

Baingana36 Uganda Cross-sectional 151 pregnant women Hb < 11 g/dL 28
Bolka38 Ethiopia Cross-sectional 352 pregnant women Hb < 11 g/dL 31
Ebuy29 Ethiopia Unmatched

case–control
164 pregnant women (88 cases

and 176 controls)
Hb < 7 g/dL cases, 11–15.5 g/dL

controls
NA

Feleke41 Ethiopia Cross-sectional 550 pregnant women Hb < 11 g/dL 34
Fuseini25 Ghana Cross-sectional 300 pregnant women Hb < 11 g/dL 64
Getachew42 Ethiopia Cross-sectional 388 pregnant women Hct < 33%* 54
Gyorkos44 Peru Prospective cohort 1,042 pregnant women Hb < 11 g/dL 31
Hailu45 Ethiopia Cross-sectional 743 pregnant women Hb < 11 g/dL 11
Kumera47 Ethiopia Cross-sectional 234 pregnant women Hb < 11 g/dL 47
Lebso48 Ethiopia Cross-sectional 507 pregnant women Hb < 11 g/dL 17
Lindstrom30 Bangladesh Cross-sectional 740 pregnant women Not stated 27
Mahande31 Tanzania Cross-sectional 6,533 pregnant women Not stated 2
Makhoul32 Nepal Cross-sectional 3,003 pregnant women Hb < 8 g/dL 4
Melku49 Ethiopia Cross-sectional 302 pregnant women Hb < 11 g/dL in first and third

trimester Hb < 10.5 g/dL second
trimester

17

Mengist50 Ethiopia Cross-sectional 372 pregnant women Hb < 11 g/dL 17
Mutuku26 Kenya Prospective cohort 378 pregnant women Hb < 11 g/dL 72
Ndyomugyenyi33 Uganda Cross-sectional 832 pregnant women Hb < 100 g/L (10 g/dL) 21
Phuanukoonnon52 Papua New

Guinea
Cross-sectional 201 pregnant women Hb < 11 g/dL 7

Tay34 Ghana Cross-sectional 375 pregnant women Not stated 66
Thi Tran53 Vietnam Cross-sectional 216 pregnant women Hb < 11 mg/mL 8
van Eijk55 Kenya Cross-sectional 390 pregnant women Hb < 11 g/dL 52
NA = not applicable.
* Per WHO, Hct < 33% is equal to Hb < 11 g/dL.

FIGURE 2. Forest plot of studies investigating maternal hookworm and anemia. This figure appears in color at www.ajtmh.org.
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first antenatal care visit and lower gross motor scores and
cognitive performance at 1 year of age.68 Although most
studies assessed did show an impact of maternal hook-
worm infection on other aspects of maternal and child
health, more studies are required to critically assess the
global association between hookworm infection during
pregnancy and these maternal and child outcomes.

DISCUSSION

This systematic review andmeta-analysis reviewed studies
published between January 2008 and August 2019. The in-
cluded studies were conducted after the WHO’s 2002 rec-
ommendation to treat pregnant women with hookworm
infection after the first trimester but before or at the time
of publication of the more recent WHO guidelines for pre-
ventive chemotherapy in areas where hookworm prevalence
is > 20% and anemia prevalence is > 40% among pregnant
women.11,12 TheseWHOrecommendationswere createdwith
the goal to reduce worm burden as a means to reduce
hookworm-induced morbidity, particularly in high-risk pop-
ulations such as pregnant women. In the past 10 years, the
prevalence of hookworm has decreased by 28.5% globally.1

Despite this modest decline in prevalence among all at-risk
individuals, the current study, conductedduring the same time
period, discovered persistent hookworm-associated mor-
bidity in the form of maternal anemia andmaternal coinfection

with malaria. This persistence of hookworm-induced mor-
bidity highlights the critical need to implement routine
deworming in pregnant women after the first trimester in high-
prevalent areas as outlined by the WHO. Since introducing
protocols to implement preventive chemotherapy to pregnant
women, it is estimated that only 10–23% of eligible pregnant
women have received appropriate preventive therapy.69,70

Importantly, a sub-analysis within the current study demon-
strated detrimental effects of maternal hookworm infection on
anemia in areas where the prevalence of hookworm is less
than 20% (under the WHO cutoff), suggesting these areas
would benefit from expanded recommendations. Adminis-
tration of preventive chemotherapy in pregnant women im-
proves maternal outcomes, including reductions in maternal
morbidity and mortality due to anemia; neonatal morbidity,
including infant birth weight; and HIV viral load in individuals
coinfectedwithHIV.58,71–75Although inclusiveof all helminths,
it is estimated more than 600,000 DALYs are lost in girls and
women of reproductive age because of STHs.76 In addition to
its recommendations in 2017 for pregnant women, the WHO
recommended that deworming be available and accessible to
nonpregnant girls and women of reproductive age in all en-
demic areas, and identified updating the global epidemiology,
intensity, morbidity, and disease burden of helminths in this
population as one of their research priorities.77 This study
builds on previous research showing the adverse effects of
hookworm infection during pregnancy and provides an

TABLE 3
Characteristics of studies investigating maternal hookworm and malaria coinfection

Study Location Study type Population Malaria prevalence (%)

Adegnika35 Gabon Prospective cohort 340 pregnant women 25
Boel37* Thai–Burmese border Cross-sectional 829 pregnant women 27
Boel37* Thai–Burmese border Cross-sectional 829 pregnant women 20
Ekejindu29 Nigeria Cross-sectional 100 pregnant women 81
Fairley40 Kenya Cross-sectional 695 pregnant women 43
Fuseini25† Ghana Cross-sectional 300 pregnant women 58
Getachew43 Ethiopia Cross-sectional 388 pregnant women 12
Hillier46 Uganda Cross-sectional 2,507 pregnant women 11
Mahande32† Tanzania Cross-sectional 6,533 pregnant women 13
Ojurongbe51 Nigeria Cross-sectional 200 pregnant women 30
Thigpen54 Malawi Randomized control trial 848 pregnant women 38
Yatich56 Ghana Cross-sectional 746 pregnant women 36
Prevalence data are rounded to the nearest percentile to allow for uniformity.
* This one study includes data from two cross-sectional analyses performed in 1996 and 2007.
†Studies were included both in anemia and malaria coinfection tables.

FIGURE 3. Forest plot of studies investigating maternal hookworm and malaria coinfection. This figure appears in color at www.ajtmh.org.
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important reflection of currently used public health strategies
to reduce hookworm-associated morbidity, specifically in the
health of women of childbearing age.
A systematic review andmeta-analysis conducted 10 years

earlier (2008) showed a significant association between in-
tensity of maternal hookworm infection and mean maternal
Hb.8 However, in comparison to the work of Brooker et al., the
current study included articles with lower prevalence of
hookworm infection, with 17 of the 32 included studies in
areas having hookworm prevalence below 20%, than Brooker
et al., which had only three of their 13 studies with prevalence
below 20%. This is in agreement with general global modest
declines in the prevalence of hookwormover the past 10 years
observed in themost recent Global Burden of Disease Study,1

as a result of poverty reduction measures under the auspices
of Millennium Development Goals, implementation of pre-
ventive chemotherapy policies, or both. Despite these public
health gains, the currentmeta-analysis builds on the results of
the previous study by showing that maternal hookworm in-
fection remains associated with maternal anemia. Further-
more, this study demonstrates endemic areas that do not
meet the prevalence threshold of preventive chemotherapy
administration in pregnant women implemented by the WHO
remain at risk of anemia associated with hookworm. Maternal
anemia has significant health impacts on the lives of the
women and children including declines in health and even
maternal deaths,78 hypertensive disorders during preg-
nancy,79 preterm birth,80 low birth weight and preterm
delivery,81–83 increased risk of infant anemia,84 and other poor
pregnancy outcomes such as polyhydramnios and gesta-
tional diabetes.83

The current study showed a significant association between
maternal hookworm infectionandcoinfectionwithmalaria,which
was not evaluated in the previous meta-analysis. Other studies,
however, have revealed high levels of hookworm and malaria
coinfections in Africa, often leading to synergies in terms of low
Hb levels and anemia.21,85,86 Coinfection of hookworm and
malaria,whichboth lead tosevereanemiaparticularly inpregnant
women, has severe consequences on the health outcomes of
women and children and, thus, requires further public health at-
tention. This includes the opportunity for linking preventive che-
motherapy for hookwormwithmalaria control programs, including
intermittent preventive therapy during pregnancy, or for the
development ofmultivalent vaccines that simultaneously target
malaria and hookworm.87,88

An additional non-systematic review onmaternal and infant
effects of hookworm infection during pregnancy was sum-
marized in this review. Despite exclusion from the systematic
review and meta-analysis due to lack of sufficient studies,
these studies arementioned to emphasize the critical deficit in
knowledge related to maternal hookworm infection and ma-
ternal and child outcomes. Two studies evaluated the asso-
ciation betweenHIV and hookwormbut had conflicting results
in regard to HIV viral load. However, despite the conflicting
results regarding the impact of hookworm on viral load, both
studies noted reduced CD4 counts in pregnant women with
both HIV and hookworm infection. These data suggest coin-
fection of HIV with hookworm during pregnancy may place
women at greater risk of poor immunologic recovering. Sev-
eral studies also addressed the impact of maternal hookworm
infection on infant vaccination response and, however, did not
arrive at a clear consensus. Outcomes including infant

developmental, maternal coinfection with HIV, and infant
anemia as a result of hookworm infection during pregnancy
are public health targets that require further investigation.
Although the systematic review search criteria generated a

significant number of studies to perform the meta-analysis,
several relevant studies which could have provided increased
depth to the analysis were excluded because of lack of
complete and/or detailed data sets. Attempts were made to
contact the corresponding authors in these situations; how-
ever, the data were excluded if unable to obtain additional
information. Although the reviewers were not blinded, this
limitation was unlikely to lead to significant inclusion bias as
two separate reviewers assessed each study independently.
The analysis did not adjust for confounding variables because
of the heterogeneity of both collected and reported variables
of the included studies, which could affect the results of the
meta-analysis. However, individual studies that were included
did not showa significant decrease in association of exposure
and outcome with these variables so was unlikely to sub-
stantially affect the outcome of the meta-analysis. This sys-
tematic review included articles that reported only hookworm
infection or lack of infection, instead of intensity of infection,
which has been shown to impact the likelihood of anemia.
Including studieswhich identified intensity of infection instead
of the presence of infection would have likely impacted the
meta-analysis results. However, only two studies investigating
maternal anemia also reported intensity of hookworm in-
fection in relation to anemia,32,44 although they had differing
definitions of anemia (Hb < 11 versus Hb < 8), so the studies
were not able to be combined for a meta-analysis. In align-
mentwiththepreviouslypublishedBookeretal.meta-analysis from
2008, both studies showed increasing crude and adjusted odds
ratios for anemia with increasing intensity of hookworm infection.
Hookworm infection in pregnantwomen remains an important

global health issue associated with maternal anemia and con-
current parasitic infections, such as malaria. Despite increased
recognition of this global health issue, hookworm infection,
coinfection with malaria, and subsequent anemia persist. Now
supportedby theWHO, theneed for preventive chemotherapy in
women of childbearing age and pregnant women needs to be
implemented to at-risk populations rapidly. However, the pro-
cess of reaching at-risk women remains stunted, with still only
10–20% of at-risk pregnant women receiving preventive che-
motherapy at this time. Alternative approaches to this global
health threat include utilization of a new human hookworm vac-
cine under development either alone or jointly administered with
a new malaria vaccine, which might lead to significant benefit
specifically for pregnant women.89 Further investigation on
maternal–child outcomes of hookworm infection during preg-
nancy is warranted specifically focusing on areas with minimal
research including infantgrowthanddevelopmentand long-term
morbidity in women. This study highlights important knowledge
gaps in the understanding of hookworm infection during preg-
nancy and provides important directions for further scientific
investigations.
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