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Resumo

Introdugao: A associagdo entre infegGes parasitarias in-
testinais (IPI) e resultados adversos da gravidez (ABO)
permanece pouco esclarecida, existindo lacunas relevantes
de conhecimento. Este estudo teve como objetivo avaliar o
impacto das IPI em diades materno-neonatais em Sio Tomé
e Principe.

Material e Métodos: Realizou-se um estudo transversal
de base hospitalar em gravidas internadas para parto, sub-
metidas a rastreio coproparasitologico durante a gravidez.
Foram excluidas as gravidas com infegao por VIH, doenga
falciforme, malaria ou tratamento anti-helmintico recente.
Os dados foram obtidos a partir dos boletins pré-natais,
registos neonatais e questionarios estruturados. Compara-
ram-se 0s ABO entre o grupo infetado (n=210) e o grupo
nao infetado (n=151). As analises de subgrupos incluiram
infe¢des combinadas por helmintas (n=202; 90,9% Ascaris
Iumbricoides), Schistosoma intercalatum (n=11) e Entamoeba
histolytica (n=7). Foi considerado valor de p<0,05 como
estatisticamente significativo.

Resultados: Foram incluidas 361 mulheres (idade mé-
dia 26,96 anos; DP 7,00). A anemia ocorreu em 39,6%
(n=127), a prematuridade em 8,1% (n=26), o baixo
peso a nascenca (BPN) em 14,9% (n=48) e o obito fetal
em 2,5% (n=8) dos casos. Nao se observaram diferencas
estatisticamente significativas nas taxas de anemia, pre-
maturidade, BPN ou o6bito fetal entre os grupos mono-
parasitado e nao infetado (p=0,182; p=0,175; p=0,07;
p=0,275, respetivamente). A prevaléncia de BPN foi in-
ferior no grupo infetado por helmintas (11,7%) face ao
grupo nao infetado (19,2%), embora sem significancia
estatistica (p=0,067).

Conclusoes: Nao foram identificados efeitos adversos sig-
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nificativos associados as IPI em mulheres gravidas. O Asca-
ris lumbricoides foi o parasita mais prevalente e observou-se
uma tendéncia para menor incidéncia de BPN nas mulheres
infetadas. O tratamento anti-helmintico rotineiro duran-
te a gravidez deve ser utilizado com precaugio, dado que
infe¢Ges assintomaticas podem conferir beneficios imu-
nologicos. A persisténcia de esquistossomose indica que as
declaragdes de eliminagao s3o prematuras, sendo recomen-
dada a quimioprofilaxia preventiva também em mulheres

em idade reprodutiva.

Palavras-chave: Ascaris lumbricoides; Schistosoma intercala-
tum; Entamoeba histolytica; anemia materna; resultados adver-
sos da gravidez; morte fetal; parto prematuro; baixo peso a

nascenga.

Abstract

Introduction:The link between intestinal parasitic in-
fections (IPIs) and adverse birth outcomes (ABOs) during
pregnancy remains unclear, with significant knowledge
gaps. This study aimed to assess the impact of IPIs on ma-
ternal-neonatal-dyads in Sao Tome & Principe.

Materials and Methods: A hospital-based study was
conducted among women admitted for delivery, who un-
derwent copro-parasitological screening. Women with HIV,
sickle cell disease, malaria, or recent anthelminthic treat-
ment were excluded. Data were collected from antenatal
cards, newborn records, and structured questionnaires.
Outcomes in the infected group (n=210) were compared
to those in the non-infected group (n=151). Subgroup
analyses included combined-helminths infection (n=202,

90.9% Ascaris lumbricoides), Schistosoma intercalatum (n=11)
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and Entamoeba histolytica (n=7). A p-value<0.05 was con-
sidered statistically significant.

Results: A total of 361 women (mean age 26.96 years,
SD 7.00) were included. Anaemia was present in 39.6%
(n=127), prematurity in 8.1% (n=26), low birth weight
in 14.9% (n=48), and stillbirth in 2.5% (n=8) of cases.
There were no statistically significant differences in rates
of anaemia, prematurity, low birth weight, or stillbirth
between the monoparasitic and non-infected groups
(p=0.182,p=0.175, p=0.07, p=0.275, respectively). The
prevalence of low birth weight was lower in the helminth-
infected group (11.7%) compared to the non-infected
group (19.2%), though this difference did not reach statis-
tical significance (p=0.067).

Conclusion: No significant adverse outcomes were found
in pregnant women with IPIs, with roundworms being
most common and low birth weight rates slightly lower
among infected mothers. Routine anthelmintic treatment
during pregnancy should be used cautiously, as asymptom-
atic infections may have immunological benefits. Schisto-
somiasis remains present, suggesting elimination claims are
premature and preventive chemotherapy should include

women of reproductive age.

Keywords: Soil-transmitted helminths, Ascaris Tumbricoi-
des, Schistosoma intercalatum, Entamoeba histolytica, maternal
anaemia, adverse birth outcomes, stillbirth, preterm birth,

low-birth-weight.

Résumé

Introduction: Le lien entre les infections parasitaires
intestinales (IPI) et les issues défavorables de la grossesse
(ABO) demeure incertain, avec d’importantes lacunes de
connaissance. Cette ¢tude visait a évaluer 'impact des IPI
sur les dyades mere-nouveau-né a Sao Tomeé-et-Principe.
Méthodes: Une ¢tude transversale en milieu hospitalier
a ¢té menée aupres de femmes admises pour accouche-
ment et soumises a un dépistage coproparasitologique.
Les femmes présentant une infection par le VIH, une dré-
panocytose, un paludisme, ou ayant regu récemment un
traitement anthelminthique ont été exclues. Les données
ont ¢té collectées a partir des carnets prénatals, des dos-
siers néonataux et de questionnaires structurés. Les issues
du groupe infecte (n=210) ont été comparees a celles du
groupe non infecte (n=151). Les analyses de sous-groupes
ont inclus des infections combinées a helminthes (n=202 ;
90,9 % Ascaris lumbricoides), Schistosoma intercalatum (n=11)
et Entamoeba histolytica (n=7). Une valeur de p < 0,05 a ete
considérée comme statistiquement significative.
Résultats: Au total, 361 femmes (age moyen 26,96 ans ;
écart-type 7,00) ont été incluses. L’anémie était présente
chez 39,6 % (n=127), la prématurité chez 8,1 % (n=26),
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le faible poids de naissance (FPN) chez 14,9 % (n=48) et la
mortinaissance chez 2,5 % (n=8). Aucune différence statis-
tiquement significative n’a éte observee entre les groupes
monoparasité et non infecte pour les taux d’anémie, de
prématurité, de FPN ou de mortinaissance (p=0,182;
p=0,175; p=0,07; p=0,275, respectivement). La préva-
lence du FPN était plus faible dans le groupe infecté par
des helminthes (11,7 %) que dans le groupe non infecté
(19,2 %), sans signification statistique (p=0,067).

Conclusions: Aucune issue défavorable significative n’a
été identifiée chez les femmes enceintes atteintes d’IPI.
Les ascaridioses étaient les plus fréquentes et les taux de
FPN légerement inferieurs chez les meres infectees. Le
traitement anthelminthique systématique pendant la gros-
sesse doit étre utilis¢ avec prudence, car les infections
asymptomatiques peuvent présenter des bénéfices immu-
nologiques potentiels. La schistosomiase reste présente
a Sao Tomé-et-Principe, suggérant que les déclarations
d’élimination sont prématurées et que la chimioprévention

devrait inclure les femmes en age de procréer.

Mots-clés: Ascaris lumbricoides; Schistosoma intercalatum;
Entamoeba histolytica; anémie maternelle; issues défavora-
bles de la grossesse; mortinaissance; naissance prématurée;

faible poids de naissance.

Background

Intestinal parasitic infections (IPIs) are neglected
tropical diseases (NTDs), with a prevalence of up to
70% among pregnant women [1]. High-burden IPIs
are considered an important public health problem in
endemic countries, although they are still neglected
among pregnant women [1]. IPIs are associated with
adverse outcomes, as they might disrupt pregnan-
cy at the maternal-foetal-placental level and impact
maternal and neonatal outcomes [2,3]. Despite the
potentially enormous at-risk population with IPIs in
sub-Saharan Africa (SSA) countries, there is still an
important gap in knowledge regarding the pregnancy-
-related burden of complications that are experienced
by women and their offspring [1,4].

The most frequently reported maternal adverse out-
comes associated with IPIs are anaemia and poor
pregnancy weight, while neonatal adverse birth out-
comes (ABOs) are low-birth-weight, preterm birth
and stillbirth [1,5]. Moreover, maternal infection
might alter the health and immunity of the infant by

transferring parasitic antigens and immune effector



molecules, mainly antibodies and cytokines, in utero
and during lactation [6]. Even today, despite acknowl-
edging that IPIs leave a long-lasting immunological
footprint on their hosts, the understanding of which
immune mechanisms are altered and how they are
changed is limited [6-8]. Some authors reported that
babies from IPIs infected mothers can have altered
defence against infections, altered response to vacci-
nation and modified risk for allergy and eczema [6-8].
In addition, a causal association remains to be com-
pletely proven for the adverse birth outcomes associ-
ated with IPIs during pregnancy described in some
studies [9-14]. Methodological flaws and heteroge-
neity between study populations could have inter-
fered with the observed complications found in those
studies [15-17]. As an example, most have not used
multivariate statistics to split the effects of differ-
ent intestinal parasite species or other contributing
factors.'® Additionally, most pregnant women from
these studies conducted mostly in under-resourced
countries, were frequently undernourished, also hav-
ing other major confounders such as HIV infection,
malaria and/or sickle cell anaemia [16]. Therefore,
there is still a paucity of data that enables to deter-
mine whether the adverse outcomes associated with
IPIs reported in the literature are due to confound-
ers, differ with different intestinal parasites or with
different causes of maternal anaemia [16].

On the other hand, there is sufficient evidence to
suggest that some intestinal parasites are more harm-
ful than others [1,5,16]. For instance, in most cases,
long-term helminthic infections are asymptomatic
with increased immune Th2 and regulatory respons-
es, suggesting that the helminth has immunomodula-
tory mechanisms ensuring their survival and chronic
existence in the host [6]. Interestingly, those immu-
nological changes associated with helminthic infec-
tions resemble those occurring during a successful
pregnancy [6]. In addition, only some parasites have
a direct role in causing complications such as mater-
nal anaemia, namely, through blood loss, specifically,
hookworms, whipworms, and schistosomes [18-21].
In contrast, roundworms or Ascaris lumbricoides have
an indirect effect, as they interfere with the utilisation
of vitamin A, which is required for haematopoiesis
[11,22]. Infection with A. lumbricoides is known to be
mainly asymptomatic, but in high-burden infections,
abdominal pain, pulmonary symptoms, and anaemia
may surge [2]. Biliary obstruction associated with A.
lumbricoides infection has been reported to occur in
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pregnant women due to a rise in progesterone lev-
els that relaxes the motility of the sphincter-of-Oddi
[2]. A. lumbricoides has also been linked to postpartum
haemorrhage related to ascaris coagulopathic proper-
ties with increased clotting and partial thromboplastin
time [2]. Then again, the shared immunomodulating
mechanisms and the alterations in the host’s immune
response during infection by roundworms might also
play a protective role during pregnancy [6].
Regarding human schistosomiasis by trematode
worms of the genus Schistosoma, the acute infection
is usually subclinical, causing mild anaemia [23,24].
In contrast, chronic infection, might trigger an ag-
gressive immune response that can cause granuloma
formation and a fibrotic tissue response with com-
plications [23,26]. The placenta-foetus mechanisms
of schistosomiasis have also been reported to lead to
ABOs, such as low-birth-weight, prematurity, and
stillbirth [2,27].

Approximately 90% of Entamoeba histolytica infections
are asymptomatic or self-limiting [28-30]. Rarely,
protozoan-trophozoites, can invade some tissues of
the human host with invasive amoebiasis [28-30].
Complications of invasive amoebiasis can range from
amoebic dysentery to extraintestinal disease with
amoebic-liver-abscesses [28-30]. Alternatively, preg-
nancy can be a predisposing factor in the reactivation
of amoebic infection since the presence of a foetus
involves an altered immunological response [30].
Therefore, parasite - direct or indirect - mechanisms
(placental inflammation, maternal iron deficiency,
and release of proinflammatory cytokines), can lead
to a spectrum of maternal-placental-foetal effects
depending mainly on the type of species, the timing
of infection and the intensity of infection, as well as
coinfection with multiple parasites and maternal co-
morbidities [1,27,31-33].

All the above considerations lead us to question what
the impact of IPIs among pregnant women and their
offspring is, in a specific setting, the smallest Cen-
tral Africa country - Sao Tome & Principe - known to
be an endemic country for four NTDs, namely, soil-
transmitted helminths (STHs), schistosomiasis (only
S. intercalatum), lymphatic filariasis and leprosy [34].
Currently, the county’s government is committed to
achieving NTD control and elimination as a public
health problem by 2025 and has developed a Strategic
Plan for the Fight Against NTDs 2019-2025 [34-35].
Additionally, there is an ongoing mass drug preven-
tive chemotherapy administration using a triple drug
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combination of ivermectin, diethylcarbamazine and
albendazole for the elimination programme of Lym-
phatic filariasis [35]. As this programme includes al-
bendazole, which is effective in treating helminthic
infections, an additional reduction in the prevalence
of helminthic infections is expected in future years
[12-35]. However, IPIs in this setting have only been
studied among toddlers, preschool children, and
school children, missing out on pregnant women and
their unborn babies [36-38].

and neonatal mortality and morbidity in Sao Tome &
Principe [40,44].

Therefore, in this study the authors go further on
from the previous study, filling this gap in knowledge
concerning the impact of IPIs among pregnant women
and their newborns. Thus, the participants for the cur-
rent study were recruited from the same pool as the
previous study conducted by the authors [39]. We now
aimed to analyse ABOs in accordance with IPI status

Sample size targeted

(n=518) Excluded (n=157)

and according to the types of parasite species, such
pregnant women that had malaria (n=3),

(HIV (n=4) and sickle cell disease (n=3)

LPregnant women with no stool exam (n=147)

pregnant women with a ANC coproparasitological

screening
(n=361)

I

at leastone
intestinal parasite (n=210)

[

)

[ no parasites (n=151) ]

STHs

Entamoeba histolytica

Schistosoma intercalatum
(n=11)

(n=202) (n=7)

*Excluded (n=40)
treated with adequate
anthelmintic drug

STHs
(n=162)

Figura 1: Flowchart of participation in the study
Note: Combined-group for helminths: 191 (90.9%) roundworms, 29 (13.8%) whipworms, 3 (1.4%) hookworms and 1 (0.5%) Strongyloides stercoralis.
Pregnant women with polyparasitic infections were included. *Only for the adverse maternal and perinatal outcome analysis.
Abbreviations: ANC antenatal care; HIV Human Immunodeficiency Virus; STHs Soil-Transmitted Helminths.

Thus, the authors previously conducted the first study
in the country regarding this topic and found a high-
IPI overall prevalence of 58.2% (95% CI: 52.9-63.3)
among pregnant women, mainly due to roundworm
A. lumbricoides infection (90.9%), followed by S. inter-
calatum (5.2%) and Entamoeba histolytica (3.3%) [39].
S. intercalatum terminology will be used since the re-
ports and diagnoses registered in each woman's ANC
pregnancy card are for S. intercalatum. However, Schis-
tosoma guineensis seems to reflect the current molecu-
lar terminology for this parasite species in this set-
ting as recently published, without any differences in
the clinical manifestations or transmission previously
documented [35].

Additionally, a broader project on neonatal and mater-
nal health has been conducted by the authors, study-
ing the causes and factors associated with perinatal

90

as helminths, S. intercalatum and Entamoeba histolytica.

Moreover, it should be noted that schistosomiasis
among pregnant women, globally, has been poorly un-
derstood or investigated [21,45]. To our knowledge,
this is the first analysis of S. intercalatum infection re-
ports of outcomes in pregnant women and their off-

spring.

Materials and Methods
Study design and period

A hospital-based cross-sectional analytical study was
carried out on maternal-neonatal dyads from pregnant
women admitted to the Hospital Dr. Ayres de Mene-
zes (HAM) Maternity Unit for delivery, between July
2016 and November 2018 [39].



Setting

The archipelago has approximately 219 161 inhabit-
ants [46]. The level of poverty is high, with 47% of
the population practising open defecation and 69.8%
having access to clean and safe drinking water [46].
This study was conducted at the HAM maternity unit,
situated in the capital city, which also receives deliver-
ies from nearby communities and referral cases from
other health care facilities as it is the only hospital in
the country. Approximately 82.4% of all deliveries in
the country are performed in this hospital [46].

The IPI prevalence among pregnant women, charac-
terization of antenatal care (ANC) copro-parasitolog-
ical test results and species found, anthelmintics pre-
scribed for IPIs among pregnant women during ANC
and factors associated with IPIs in pregnancy were
already analysed and reported in another article [39].

Participants

Eligibility criteria: All women admitted to the hos-
pital for delivery with a gestational age of 28 weeks
or more who underwent a copro-parasitological test
during the pregnancy period were eligible to be en-
rolled [39]. Those who gave birth outside the hospital
but were admitted because of postnatal complications
in the first 12 hours of life were also included in the
study [39].

Pregnant women with HIV, sickle cell disorder, ma-
laria and who received anthelminthic treatment dur-
ing pregnancy were excluded for possible confounding
causes of maternal anaemia and birth outcomes [39].
The current study expands upon the previous one by
including additional measures related to specific as-
pects being examined, namely the occurrence of ad-
verse birth outcomes. Pregnant women with an IPI
were compared to noninfected women (no-IPI group)
according to the IPI species findings of a previous
study [39]. Subgroup analyses for ABOs were con-
ducted comparing noninfected women with i) mono-
parasitic-IPI, ii) polyparastic-IPI, iii) helminths, iv) .
intercalatum, and v) Entamoeba histolytica. A flowchart
of participation in the study is shown in Figure 1.

Sample size determination and sampling pro-
cedures

The sample size for the initial study followed the
WHO-steps approach, applying a web-based sample
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size calculator, Raosoft, and was supported by PASS
software, which suggested a minimum sample size
of S=355 [47-49]. A total of 518 participants were
initially enrolled based on the following assumptions:
two-sided 95% confidence level, power of 80% to
detect an odds ratio of at least 2 for adverse birth
outcomes [39]. A power analysis was additionally per-
formed, varying from 80% to 87% for outcomes such
as having maternal anaemia [39].

Participants were selected through random sampling,
from the pile of mothers” medical admission folders
[39]. Women were invited to participate in the study
after admission but were interviewed only after they
completely recovered from the baby’s delivery [39].

Data collection tools, procedures, and quality
control

Data were collected by a pretested, structured in-
terviewer-administered  questionnaire  developed
from the Sao Tome & Principe Demographic and
Health Survey (DHS) and similar studies [28,37].
Additionally, a standard abstraction checklist from
ANC pregnancy cards and newborn records was con-
ducted. The ANC pregnancy card was used to collect
information from the participants, regarding copro-
parasitological results, treatments, and haemoglobin
levels. We also used secondary neonatal clinical data,
which were prospectively abstracted from newborns’
medical records, regarding low-birth-weight, prema-
turity, and stillbirth data.

The questionnaires were checked for completeness
and consistency. Data collection was regularly re-
viewed by the supervisors. The principal investigator
(a pediatrician) executed and was responsible for the
field activities as follows: 1) obtaining consent and en-
rollment of the mothers, 2) data collection from ANC
cards plus maternal and newborn records, 3) new-
borns’ clinical exams (for diagnosis confirmation), 4)
face-to-face interviews, and 5) entry of all data col-
lection into the app survey tool. Finally, double data
entry was performed to minimize errors during data

entry.

Operational definition of variables

In this study, prematurity was defined as birth occur-
ring at less than 37 weeks of gestation [50]. Gesta-

tional age at birth was calculated from the first day
of the woman’s last menstrual period and counted in
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completed weeks [51,52]. Low-birth-weight was de-
fined as an infant born with a weight of less than 2500
grams [51]. Stillbirth was defined, according to the
WHO/ICD for International comparison and report-
ing, as a baby born without any signs of life at or after
28 weeks of gestation or at least 1000 g in birth weight
[52]. Maternal anaemia was defined as a haemoglobin
concentration <11 g/dI [53].

The exposure variables in this study included the par-
asites identified among the 361 copro-parasitological
tests performed among pregnant women during ANC
recorded in our previous study [39]. A total of 210
copro-parasitological tests were positive [39]. Hel-
minthiasis or combined-group added to a total of 202
monoparasitic infections: 191 (90.9%) roundworm,
29 (13.8%) whipworm, 3 (1.4%) hookworm, 1
(0.5%) Strongyloides stercoralis [39]. Schistosoma interca-
latum infection was found in 11 pregnant women and
Entamoeba histolytica was found in 7 women [39]. Cas-
es of polyparasitism, defined as the presence of two or
more parasite species in the same host, were found in
25 (11.9%) pregnant women [39].

Data management and statistical analyses

Data were entered into the QuickTapSurvey (2010-
2021 Formstack) offline app survey tool. Data entry
for this study into the app survey was first cleaned
by creating a data entry field in Excel, and all cat-
egorical responses were checked for completeness
and accuracy and to eliminate errors and inconsis-
tent data. Data were further analysed using the Sta-
tistical Package for the Social Sciences for Windows,
version 25.0 (IBM Corp. Released 2017. IBM SPSS
Statistics for Windows, Version 25.0. Armonk, NY:
IBM Corp.).

Data analysis in this study was carried out in two
stages. The first stage involved pooling data for de-
scriptive statistics with categorical variables present-
ed as frequencies and percentages and quantitative
variables presented as the mean and standard devia-
tion, as appropriate. For the ABO analysis, pregnant
women with an IPI (n=210) were divided accord-
ing to the presence of one or more parasites in the
copro-parasitological test and the specific type of
parasite. Subgroup analyses for ABOs were con-
ducted comparing the no-IPI or noninfected women
group (n=151) with i) monoparasitic-IPI (n=145),
ii) polyparastic-IPI (n=25), iii) helminths (n=162),
iv) S.intercalatum (n=11), and v) Entamoeba histolytica.
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(n=7).This second stage involved the use of the non-
parametric chi-square test and Fisher’s exact test, as
appropriate. A level of significance of =0.05 was
considered.

Ethics approval and consent to participate

This study was approved by dedicated ethics oversight
bodies, namely the Ministry of Health of Sao Tome &
Principe and the main board of the Hospital Dr. Ayres
de Menezes. The study complies with the Declaration
of Helsinki. Written informed consent was obtained
from all participants after the purpose of the research
was explained orally by the researcher. Approval by
the participants’ parents or legal guardians was ob-
tained in the case of adolescents under 16 years of age

or for illiterate women.

Table 1: Sociodemographic, pregnancy-related and community-level
characteristics of the participants
Abbreviations: ANC: antenatal care

Variables Frequency Percentage
(n=361) (%)
Age
14-19 65 18
20-34 233 64.5
>35 63 17.5
Education
none 12 3.3
primary 196 543
secondary 126 349
higher 27 75
Employment
not working 250 69.6
working 109 304
Marital status
union/married 303 85.4
single 52 14.6
Baby's father education
none 8 3.3
primary 116 47.3
secondary 94 384
higher 27 11
Residence
urban 166 46.4
rural 192 53.6
Water source
improved water 304 84.2
no 57 15.8
Household sanitation
with sanitation 202 56.4
open defecation 156 43.6
Parity
0 103 28.5
1-4 227 62.9
5+ 31 8.6
ANC visits
<4 24 6.6
4-7 168 46.5
238 169 46.8




Results
Characteristics of the study participants

Of the 361 pregnant women included, 233 (64.5%)
were aged 20 to 34, and the mean age was 26.96 £7.0
years (minimum age 14 and maximum 43 years).
Three hundred and three (85.4%) participants were
married, 196 (54.3%) ended school with a primary
level of education, and 12 (3.3%) were illiterate. Un-
employment was identified in 250 (69.6%) women.
Table 1 shows the sociodemographic characteristics of
the participants.

Pregnancy-related characteristics: A parity of one to
four was observed in 227 (62.9%) pregnant wom-
en, with 103 (28.5%) of the participants being nul-
liparous and 31 (8.6%) grand multiparous. Complete
ANC service utilization with ANC 8+ contacts was
achieved by 169 (46.8%) pregnant women, while 24
(6.6%) had fewer than 4 ANC contacts.
Community-level feature: residency in a rural area
was assessed for 192 (53.6%) participants. Access
to improved water sources was reported for 304
(84.2%) pregnant women, and 156 (43.6%) prac-
ticed open defecation.

Adverse outcomes

Of the 361 participants, maternal anaemia was iden-
tified in 127 (39.6%) pregnant women. Child-related
ABOs were found in 82 (23%) newborns, as follows:
26 (8.1%) premature, 48 (14.9%) low-birth-weight
and 8 (2.5%) stillbirths (Table 2).

Table 2: Adverse outcomes observed among the participants (n=321)

Variables Frequency | Percentage
(n=321)* (%)
Maternal anaemia
yes 127 39.6
no 194 60.4
Prematurity
yes 26 8.1
no 295 91.9
Low-birth-weight
yes 48 14.9
no 273 85.1
Stillbirth
yes 8 2.5
no 313 97.5

*Forty women who received adequate anthelmintic treatment (albendazole,
mebendazole or piperazine) for helminthic infection during pregnancy were

excluded.

Abbreviations: IPI - intestinal parasitic infection
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Association between ABOs and IPIs in pregnant
women

ABOs were compared between pregnant women with
monoparasitic-IPI (n=145) and noninfected women
(n=151), as described in Table 3. Maternal anaemia
was found in 46.7% and 38.7% of pregnant women in
the monoparasitic-IPI and no-IPI groups, respectively.
A statistically significant difference was not found be-
tween groups for maternal anaemia. Regarding off-
spring features, ABOs in the monoparasitic-IPI group
compared to the no-IPI group, namely, prematurity
(6.2% vs 10.9%), low-birth-weight (11% vs 19.2%)
and stillbirths (3.4% vs 1.3%), had no statistically sig-
nificant difference.

Table 3: Adverse outcomes in pregnant women with a monoparasitic-IPI
compared to the noninfected group

monoparasitic- IPI (n=145) | no-IPI (n=151) | p value
n (%) n (%)
Maternal anaemia 0.182
yes 63 (46.7) 55 (38.7)
no 72 (53.3) 87 (61.3)
Prematurity 0.175
yes 9(6.2) 16 (10.6)
no 136 (93.8) 135 (89.4)
Low-birth-weight 0.070*
yes 16 (11) 29 (19.2)
no 129 (89) 122 (80.8)
Stillbirth 0.275*
yes 5(3.4) 2(1.3)
no 140 (96.6) 149 (49)

*Fisher s exact test

Abbreviations: IPI - intestinal parasitic infection

ABOs between pregnant women with polypara-
sitic-IPI (n=25) and noninfected pregnant women
(n=151), described in Table 4, also had no statistically
significant difference.

Table 4: Adverse outcomes in pregnant women with a polyparasitic-1PI
compared to the noninfected group

Polyparasitic-IPI (n=25) | no-IPI (n=151) | p value
n (%) n (%)
Maternal anaemia
yes 9 (36) 55(38.7) 0.796
no 16 (64) 87(61.3)
Prematurity
yes 1(4) 16 (10.6) 0.473*
no 24 (96) 135 (89.4)
Low-birth-weight
yes 3(12) 29 (19.2) 0.576*
no 22 (88) 122 (80.8)
Stillbirth
yes 1(4) 2(1.3) 0.370*
no 24 (96) 149 (49)

*Fisher’s exact test

Abbreviations: IPI - intestinal parasitic infection
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Soil-Transmitted Helminths

The 162 untreated pregnant women with a helminthic
infection had the following ABOs: 45.8% maternal
anaemia, 6.2% prematurity, 11.7% low-birth-weight
and 3.7% stillbirth rate (Table 5). No statistically sig-
nificant difference was found for ABOs between wom-
en infected with helminthic infection and noninfected
women. The low-birth-weight comparison between the
helminth subgroup (11.7%) and the noninfected group
(19.2%) had a p value=0.067.

Table 5: Adverse outcomes in pregnant women with a helminthic
infection compared to the noninfected group

Helminths' (n=162) | no-IPI (n=151) | p value
n (%) n (%)
Maternal anaemia 0.223
yes 70 (45.8) 55(38.7)
no 83 (54.2) 87(61.3)
Prematurity 0.157
yes 10 (6.2) 16 (10.6)
no 152 (93.8) 135 (89.4)
Low-birth-weight 0.067
yes 19 (11.7) 29 (19.2)
no 143 (88.3) 122 (80.8)
Stillbirth 0.285%
yes 6(3.7) 2(1.3)
no 156 (96.3) 149 (98.7)

*Fisher’s exact test
'"For helminth-related adverse outcomes, 40 women who received
adequate anthelmintic treatment (albendazole, mebendazole or pipera-
zine) during pregnancy were excluded from this ABO analysis.

Abbreviations: IPI - intestinal parasitic infection
Schistosoma intercalatum

Out of the eleven pregnant women with a S. interca-
latum-positive copro-parasitological test, one low-
birth-weight baby was identified, and no preterm
baby or stillbirth outcomes were found (Table 6).
Maternal anaemia was found in 36.4% and 38.7%
of pregnant women with a S. intercalatum-IPI and
noninfected women, respectively.

No statistically significant difference was found for
low-birth-weight and maternal anaemia between
the two groups.

Table 6: Adverse outcomes in pregnant women with a S. intercalatum
positive copro-parasitological result compared to the noninfected group

S. intercalatum (n=11) no-IPI (n=151) p value
n (%) n (%)
Maternal anaemia
yes 4(36.4) 55(38.7) 1.000*
no 7 (63.6) 87(61.3)
Prematurity
yes 0 16 (10.6) 0.603*
no 11 (100) 135 (89.4)
Low-birth-weight
yes 1(9.1) 29 (19.2) 0.691*
no 10 (90.9) 122 (80.8)
Stillbirth
yes 0 2(1.3) 1.000*
no 11 (100) 149 (98.7)

*Fisher's exact test

Abbreviations: IPI - intestinal parasitic infection
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Entamoeba histolytica

All seven pregnant women with an Entamoeba histo-
Iytica-positive copro-parasitological test had no pre-
term baby, low-birth-weight or stillborn offspring
(Table 7). Maternal anaemia was found in 16.7% and
38.7% of women with Entamoeba histolytica-1P1 and
noninfected women, respectively. No statistically
significant difference was found for maternal anae-
mia between women with Entamoeba histolytica and
noninfected women.

Table 7: Adverse outcomes in pregnant women with an Entamoeba histoly-
tica-positive copro-parasitological result compared to the noninfected group

E histolytica (n=7) no-IPI (n=151) p value
1 (%) 1 (%)
Maternal anaemia
yes 1(16.7) 55 (38.7) 0.409*
1o 5(83.3) 87 (61.3)
Prematurity
yes 0 16 (10.6) 1.000*
10 7 (100) 135 (89.4)
Low-birth-weight
yes 0 29(192) 0351%
no 7 (100) 122 (30.8)
Stillbirth
yes 0 2(13) 1.000%
no 7(100) 149 (98.7)
*Fisher s exact test
Abbreviations: IPI - intestinal parasitic infection
Discussion

Women living in endemic countries are known to have
a higher risk of acquiring an IPI during their pregnan-
cy and consequently to suffer eventual complications
from these NTDs [2,9-14]. Thus, this study was con-
ducted to clarify the adverse outcomes among these
[Pl-infected pregnant women and their offspring in
Sao Tome & Principe.

Opverall, approximately 40% of women in this study
were anaemic, similar to the prevalence of 46% anae-
mia among pregnant women in SSA countries and
lower than the 61% rate published for the country
[46,53]. Confounders for adverse outcomes, namely
HIV infection, sickle cell disorder, and malaria were
excluded from this analysis. Nonetheless, although
IPIs are reported to cause or aggravate maternal anae-
mia through multiple mechanisms, a statistically sig-
nificant difference was not found when each infected
subgroup was compared to the noninfected counter-
part, highlighting that anaemia in this setting is mainly
multifactorial [5].

Approximately one-quarter of the newborns had
child-related adverse outcomes, mostly due to low-
birth-weight. When child-related ABOs were com-
pared between IPI subgroups and their noninfected



counterparts, no statistically significant difference
was found between the groups. However, it should be
acknowledged that an almost significant statistically
significant difference (p value=0.067) was found,
suggesting that pregnant women with a helminthic in-
fection had fewer low-birth-weight babies than nonin-
fected mothers. This is in accordance with some stud-
ies of helminths alone that have found no association
between infection and birthweight [16,54-55]. Fairley
et al. found that pregnant women with helminthic in-
fections have higher birth weights even in the presence
of coinfections [55]. Thus, it can be speculated that
helminthic infection can promote an immunological
environment surrounding the uterus into a more ad-
vantageous milieu, which can contribute to enhanced
foetal weight gain, although more studies are needed
to clarify this [6].

In our study, factors such as the parasitic infection in-
tensity and the timing of infection (before pregnancy
or in which trimester), were not available, missing out
on major clues that could explain or support our find-
ings [18,56-58]. However, the main factor supporting
our findings is the type of parasite infecting the par-
ticipants of this study and its respective pathogenesis
mechanisms [1]. As previously mentioned, the most
predominant parasite in this study was the round-
worm A. lumbricoides (90.9%), which is known to be
mainly an asymptomatic infection [2,39]. This lack of
association between A. lumbricoides infection and ad-
verse outcomes, such as maternal anaemia, prematu-
rity and stillbirths, was also reported in other studies
conducted in SSA countries, namely, in Kenya and in
Tanzania [9,10]. In contrast, Rodriguez-Morales et
al. in Venezuela reported that A. lumbricoides infection
represented a twofold risk for anaemia at pregnancy,
similar to Demeke G et al. found in Ethiopia [14,57].
Regarding schistosomiasis during pregnancy, as pre-
viously mentioned, there is a paucity of studies. To
the best of our knowledge, this is the first report on
S. intercalatum during pregnancy [39]. Of the eleven
pregnant women with a positive S. intercalatum copro-
parasitological test, only four women had maternal
anaemia, and one newborn had low-birth-weight. The
lack of adverse outcomes with this parasite can rely
on the fact that S. intercalatum infections are known to
be asymptomatic or to be associated with a dysenteric
syndrome with bloody stools without further compli-
cations [24,25,45,59]. Moreover, intestinal schisto-
somiasis due to S. intercalatum is typically character-
ized by a low location of the lesions at the level of the

Anais do ITHMT

rectum and sigmoid colon and relatively minor liver
pathology without portal hypertension [24,25,59].
The current national preventive chemotherapy pro-
gramme with praziquantel for schistosomiasis control
only targets school children, missing out on other at-
risk populations [35,39]. Therefore, our findings also
have some policy implications since the 2017 Sao Tome
& Principe national survey suggested the elimination
of S. intercalatum among children, claiming to be one
of the first countries to eliminate schistosomiasis [35].
Thus, according to our research, S. intercalatum is still
a reality among pregnant women in the country; thus,
women-of-reproductive age should be included in the
country’s preventive chemotherapy programmes to
achieve the goal of eliminating schistosomiasis in the
country [23].

Entamoeba histolytica is a rare NTD, and none of our
seven pregnant women enrolled with a copro-parasi-
tological test positive for Entamoeba histolytica had any
child-related adverse outcomes, and only one mother
had anaemia. This finding is contrary to the Mahande
study, which reported twofold increased odds of pre-
term delivery among women with Entamoeba infection
compared with noninfected women, probably due to
penetration of the intestinal mucosa and placental
barrier by E. histolytica [10]. Amebiasis is reported
to be more severe in pregnant women than in non-
pregnant women, linked to the reduced production of
IgA during pregnancy, which may lead to subchronic
inflammation and placental dysfunction resulting in
preeclampsia, preterm delivery, and foetal growth re-
striction [29,30]. None of the drugs used in the coun-
try for preventive chemotherapy programmes have ef-
ficacy in treating Entamoeba infections [30,35]. Thus,
routine ANC screening for IPIs through copro-para-
sitological exams should be maintained, and pregnant
women should receive adequate follow-up [30,39].

It would also be relevant to introduce the possibil-
ity that the amoebae identified as E. histolytica may, in
fact, be E. dispar or E. moshkovskii—morphologically
identical but non-pathogenic species [29,30]. This
could explain the absence of any clinical manifesta-
tions associated with the infection.

Opverall, this study is a useful starting point that can
assist Sao Tome & Principe policy makers in under-
standing the impact of IPIs among pregnant women
and in rethinking the targets for preventive chemo-
therapy programmes, including women-of-reproduc-
tive age, as previously mentioned for schistosomiasis.
Nonetheless, primarily, what this study brings, is
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the opportunity to discuss what are the real benefits
and risks of providing anthelmintic treatment during
pregnancy for this specific setting, facing the lack of
adverse outcomes associated with roundworms infec-
tions.

As recently highlighted by some authors, there may
be unexpected consequences of IPI treatment, as
maternal infections can affect the priming of infant
immune systems, with potential effects on children
later in life [16,22]. Additionally, questions remain
regarding the efficacy of anthelmintic treatment re-
ported in some studies [16,22]. For instance, efficacy
can be linked to cases with very high parasite bur-
dens, dietary insufficiencies or both and that pregnant
women adequately nourished, without comorbidities
and with moderate or low parasite burden, may not
benefit from anthelmintic treatment [16,22]. On the
other hand, anthelmintic treatment during pregnan-
cy has been associated with an increased incidence
of eczema in children, suggesting that anthelmintics
may affect the development of mechanisms regulat-
ing child immune responses [7,16,60]. In addition,
anthelmintic treatment may also have additional risks
by altering maternal blood glucose regulation, mi-
crobiota, or hormonal environment [16]. Therefore,
some caution to promote broad efforts to treat all
pregnant women during pregnancy is warranted until
future studies clarify the real impact and outcomes
and how they play out under different ecological con-
ditions [16].

Therefore, treating infected pregnant women is far
from straightforward, and the debate is whether hel-
minthic infections are “old enemies or old friends”,
especially during pregnancy [16,22].

Recent studies focused on the benefits of helminthic
infections. Some authors argue that immune regula-
tion by parasites, mainly the host immune response to
roundworms, can increase fertility rates in infected
women [6]. Moreover, in endemic countries, mainly
for Ascaris lumbricoides or roundworms, the burden of
infection has been associated with lower frequencies
of allergic symptoms and skin test positivity [6].
Therefore, if in our previously published study, we
recommended that all the “treatment missing oppor-
tunities” identified among pregnant women with an
IPIin Sao Tome & Principe be urgently addressed, we
now consider that there are more benefits in post-
poning anthelmintic treatment in all asymptomatic
and healthy pregnant women with a helminthic infec-
tion after the baby's delivery [39].
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Strengths and limitations

This cross-sectional study addresses an understudied
population and, notably, is the first to report on Schis-
tosoma intercalatum infections during pregnancy and
their associated outcomes. A robust approach was used
to control for confounding factors, as participants
with HIV infection, sickle cell disorder, and malaria
were excluded, allowing for a clearer assessment
of the effects of intestinal parasitic infections.
Importantly, the study yields policy-relevant findings
by highlighting gaps in national deworming programs
and emphasizing the need to extend preventive
measures to women beyond school-aged children.

An important limitation is the negligible number of
participants with S. intercalatum and Entamoeba histo-
Iytica found in the study. Additionally, the amoebae
identified in this study as E. histolytica may, in fact, be
E. dispar or E. moshkovskii—morphologically identical
but non—pathogenic species.

On the other hand, maternal factors such as gestation-
al weight gain and BMI were not analyzed in this study,
as these measurements are not performed during
ANC contacts in the country, missing a key mediator.
Thus, future studies with larger samples will be need-
ed to clarify the lack of adverse outcomes associated
with these species. Other limitations, commented
before, were that information regarding the intensity
and timing of the parasitic infection was not available.
Notwithstanding these limitations, this study repre-
sents a significant first step in the description of IPIs
and ABOs and key modifiable associated factors in this
resource-constrained setting.

Future studies

Longitudinal cohort studies to assess infection timing
(e.g., trimester-specific effects) and intensity on mater-
nal-fetal outcome are needed to better understand these
host—parasite interactions and the overall impact and
role of intestinal parasites among pregnant women and
their offspring. Additionally, Immunological research
on how helminthic infections modulate maternal-foetal
immune responses and infant health trajectories are
very important, since helminthic infections are known
to affect blood glucose, insulin resistance and diabetes,
linking it to improvement of glucose tolerance and low-
er blood levels, it should be important to include the
association with gestational diabetes and IPI in future
studies [16]. Preeclampsia associations with intestinal



parasites should also be included in future studies, since
immunological effects of helminths on maternal immu-
nity, by increasing maternal tolerance of the foetus and
by moderating inflammatory responses, are believed to
have a protective role from preeclampsia [16].

Conclusions

This study provides important insights into intesti-
nal parasitic infections (IPIs) among pregnant women
in Sao Tome & Principe and highlights critical gaps
in current public health strategies. No significant
adverse outcomes were observed in association with
helminthic infections during pregnancy; in fact, the
rate of low-birth-weight was marginally lower among
infected mothers compared to their uninfected coun-
terparts. Notably, roundworms (Ascaris Tumbricoides)
were the predominant species identified in this co-
hort, which may explain the absence of complications
in both pregnant women and their offspring.
Furthermore, the findings suggest that claims re-
garding the elimination of schistosomiasis in STP
may be premature. Schistosoma intercalatum infections
persist among pregnant women, indicating a need to
expand preventive chemotherapy programs to in-
clude women of reproductive age.

However, the administration of anthelmintic treat-
ment during pregnancy should be approached with
caution. Emerging evidence suggests that asymp-
tomatic helminthic infections may confer immuno-
logical benefits to offspring, and treatment could
potentially disrupt the maternal microbiota or in-
crease the risk of childhood eczema.

In summary, while the study supports the safety of
deferring anthelmintic treatment in asymptomatic,
healthy pregnant women with helminthic infections
until after delivery, it also underscores the necessity
of revising public health policies to address persis-
tent parasitic infections in this population.
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