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Abstract

Background: Vertical transmission of 7rypanosoma cruziinfection from mother to infant
accounts for a growing proportion of new Chagas disease cases. However, no systematic reviews
of risk factors for 7. cruzivertical transmission have been performed.

Methods: We performed a systematic review of the literature in PubMed, LILACS, and Embase
databases, following PRISMA guidelines. Studies were not excluded based on language, country
of origin, or publication date.

Results: Our literature review yielded 27 relevant studies examining a wide variety of risk
factors, including maternal age, parasitic load, immunologic factors and vector exposure. Several
studies suggested that mothers with higher parasitic loads may have a greater risk of vertical
transmission. A meta-analysis of 2 studies found a significantly higher parasitic load among
transmitting than non-transmitting mothers with 7. cruziinfection. A second meta-analysis of 10
studies demonstrated that maternal age was not significantly associated with vertical transmission
risk.

Conclusions: The literature suggests that high maternal parasitic load may be a risk factor for
congenital Chagas disease among infants of 7. cruz/ seropositive mothers. Given the considerable
heterogeneity and risk of bias among current literature, additional studies are warranted to assess
potential risk factors for vertical transmission of 7. cruziinfection.
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Introduction

Methods

Over 5 million people in Latin America are infected with 7rypanosoma cruzi, the parasitic
agent of Chagas disease (Chagas disease in Latin America: an epidemiological update
based on 2010 estimates, 2015). Although transmission most commonly occurs through
the triatomine vector (“kissing bug”), vertical transmission from mother to infant accounts
for over 20% of new cases (Howard et al., 2014). Like other individuals with Chagas
disease, congenitally infected infants have up to a 30% lifetime risk of developing severe
and potentially fatal sequelae such as cardiomyopathy, arrhythmias, and gastrointestinal or
neurological complications (Bern et al., 2011; Py, 2011).

Antiparasitic therapy is available for 7. cruziinfection, and congenital Chagas disease

is nearly always curable in the first year of life (Picado et al., 2018). Likelihood of

cure and tolerability of therapy wane with age. However, the majority of infants with
congenital Chagas disease do not receive timely diagnosis and treatment. Infant diagnosis
is complex, costly, and may take up to a year, as serology cannot be reliably performed
until maternal antibody disappears 8 months after birth (Carlier et al., 2011). Given

the limited resources in many endemic settings, better risk stratification is needed to
identify maternal, environmental, and sociodemographic characteristics associated with
higher vertical transmission rates.

In this systematic review, we aim to identify factors associated with the risk of vertical
transmission of 7. cruziinfection. Specifically, we compared characteristics of cases in
which vertical transmission did occur from chronically infected mothers to cases in which

it did not. Our review followed Preferred Reporting Items for Systematic review and Meta-
analyses (PRISMA) guidelines and was not limited by publication date, country of origin, or
language (Moher et al., 2009).

Search strategy

Searches were performed for relevant literature in PubMed, LILACS, and Embase electronic
databases (Figure 1, Table 1). A search was also performed in clinicaltrials.gov to identify
ongoing or unpublished studies. The last search was performed on June 20, 2020. There was
not a registered protocol.

Study selection

Studies from the searches mentioned above were compiled for further review in Covidence,
which removed duplicate studies (Covidence — Better systematic review management, n.d.).
Two reviewers screened studies by title and abstract using eligibility criteria determined a
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priori (Table 2), and removed irrelevant studies; conflicts were resolved through discussion.
Studies of mothers with confirmed serology for 7. cruziinfection and their infants were
included. Acceptable exposures included a broad array of potential risk factors for 7.
cruzitransmission, including maternal, infant, and parasite characteristics. Previous maternal
treatment for Chagas disease or known infant sequelae of congenital Chagas disease were
not considered in analyses. We included studies that compared these exposures among
seropositive women who did or did not transmit 7. cruziinfection or among infants of
seropositive women who did or did not develop congenital Chagas disease. We included
infants diagnosed with congenital Chagas disease within 1 year of delivery, as a serological
diagnosis cannot be performed until after 8 months of age when maternal antibody has
disappeared (Carlier et al., 2011). Infant 7. cruziinfections diagnosed after 1 year were
excluded as these could represent new acute infections. We included empirical interventional
or observational study designs, including randomized controlled trials, cohort studies, case-
control studies, and cross-sectional studies. Review articles, abstracts, case studies, studies
with a single case of congenital Chagas disease, letters and comments were excluded. No
studies were excluded based on language, date of publication, publication status, country of
origin, or clinical setting. Following title and abstract review, full text articles were screened
for inclusion by 2 reviewers using the same eligibility criteria; conflicts were resolved
through discussion.

Study assessment

The risk of bias in individual studies was assessed using the Newcastle-Ottawa Scale (NOS),
an accepted quality rating tool for observational studies (Supplementary Table 1) (Wells
etal., n.d.). This scale evaluates study quality using 8 categories reflecting the selection,
comparability, and outcomes of each study. Studies were evaluated by 2 reviewers; conflicts
were resolved through discussion.

Data extraction

Data extracted for each study included setting, population, study design, Chagas disease
prevalence and congenital transmission rate, and risk factors examined (Table 3). Study data
were extracted manually by 2 reviewers; conflicts were resolved through discussion.

Statistical analysis

Data analysis was performed in Stata (version 16). Random-effects meta-analysis was
performed for variables examined by multiple studies with sufficiently similar study designs.
When the necessary data were not available in the published articles, the original study
authors were contacted. If means and standard deviations were not available after contacting
the original study authors, these were calculated from the medians and interquartile ranges
using established methodology (Wan et al., 2014).

Results

Search strategy

The search identified a total of 1335 publications (Figure 1). The publications underwent
screening by title and abstract, and 1274 were determined to be irrelevant. The remaining 61
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were screened with full text review. Studies were excluded for ineligible study design (such
as no comparison group), ineligible publication type (such as reviews or abstracts), ineligible
outcome (such as outcomes besides confirmed congenital infection with 7. cruzi), full text
unavailable, ineligible comparator (such as nonchagasic mothers), or duplicates. Two articles
were considered unavailable as the full texts were not available online through any known
database, and the original authors did not reply to a request for the article.

Study characteristics and findings

The final analysis included 27 publications, of which 3 were available solely in Spanish
(Tables 3 and 4). Studies took place most frequently in Argentina and Bolivia, with 13
studies drawing participants from each country (Alonso-Vega et al., 2005; Bern et al., 2009;
Brutus et al., 2010; Bua et al., 2012; Buekens et al., 2018; Burgos et al., 2007; Cardoni et
al., 2004; Chaparro and Genero, 2018; Danesi et al., 2020; Garcia et al., 2008; Hermann et
al., 2004; Herrera et al., 2019; Juiz et al., 2016; Kaplinski et al., 2015; Martin Suasnabar

et al., 2018; Messenger et al., 2017; Negrette et al., 2005; Rendell et al., 2015; Salas et al.,
2007; Scapellato et al., 2009; Torrico et al., 2006, 2004; Volta et al., 2016). Other study
locations included Honduras, Mexico, Paraguay, and Spain (Basile et al., 2019; Bua et al.,
2012; Buekens et al., 2018; Herrera et al., 2019; Juiz et al., 2016; Murcia et al., 2017, 2013).
The publications examined a wide variety of potential risk factors for vertical transmission,
such as maternal age, parasitic load, parasite and infant genetics, twin births, immunologic
factors, and vector exposure. Most studies required at least 2 positive serological tests

for maternal diagnosis, per the World Health Organization guidelines (Guidelines for the
Diagnosis and Treatment of Chagas Disease, 2019). Infant testing varied more widely
between studies. Of the 27 studies, 21 (77.8%) used micromethod testing. Many studies also
used a combination of serology (18 studies), polymerase chain reaction (PCR; 11 studies),
hemoculture (6 studies), and/or xenodiagnosis (2 studies).

Maternal parasitic load

Several studies examined maternal parasitic load as a risk factor for vertical transmission

of 7. cruziinfection. Two studies were found to have sufficiently similar study designs

and laboratory techniques to perform a meta-analysis (Bern et al., 2009; Kaplinski et

al., 2015). This analysis indicated that among 7. cruzi seropositive women, those who
vertically transmitted the infection had significantly higher parasitic loads than those who
did not (Figure 2). Heterogeneity in this analysis was very low (< 0.01%). A significant
association between higher maternal parasitic load and risk of vertical transmission was
found in 5 studies in our review, 4 of which had non-overlapping participants (Table 5)
(Bern et al., 2009; Brutus et al., 2010; Bua et al., 2012; Kaplinski et al., 2015; Rendell et al.,
2015). Only 1 study found a non-significant trend for higher maternal parasitic load within 1
subpopulation and no significant difference in another subpopulation (Buekens et al., 2018).
Several studies found an increased risk of vertical transmission among mothers with positive
7. cruzi parasitemia, PCR, hemoculture, or xenodiagnosis during pregnancy, which may also
be suggestive of higher parasitic load (Alonso-Vega et al., 2005; Bern et al., 2009; Hermann
et al., 2004; Murcia et al., 2013; Salas et al., 2007; Scapellato et al., 2009).
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Maternal vector exposure

Several studies examined the association between maternal vector exposure and risk of
vertical transmission. Five studies found that self-reported past exposure to triatomine
bugs in the home or community was significantly associated with lower risk of vertical
transmission (Danesi et al., 2020; Kaplinski et al., 2015; Martin Suasnabar et al., 2018;
Negrette et al., 2005; Rendell et al., 2015). Two of these studies and 1 other study found
that self-reported current exposure to triatomine bugs in the home was not significantly
associated with vertical transmission risk (Chaparro and Genero, 2018; Kaplinski et al.,
2015; Rendell et al., 2015).

Maternal age

Among 11 non-overlapping studies that reported risk by maternal age, 9 studies found that
maternal age was not significantly associated with risk of vertical transmission (Basile et
al., 2019; Bern et al., 2009; Bua et al., 2012; Cardoni et al., 2004; Danesi et al., 2020;
Garcia et al., 2008; Martin Suasnabar et al., 2018; Negrette et al., 2005; Rendell et al.,
2015; Salas et al., 2007). The remaining 2 studies found an increased risk of vertical
transmission among younger women (Kaplinski et al., 2015; Torrico et al., 2004). Original
study data were available for 10 of the 11 studies through published data or communication
with study authors. Our meta-analysis of these 10 studies suggested that maternal age is

not significantly associated with risk of vertical transmission among 7. cruzi seropositive
mothers (Figure 3A) and demonstrated an overall effect size (Hedge’s g) of —0.52 (95%

Cl: —1.34-0.31). However, heterogeneity in this analysis was very high (/2 = 98%), and

the forest and funnel plots revealed the study by Torrico and colleagues to be an outlier
(Figures 3 and 4). Therefore, we conducted a sensitivity analysis by removing this study,
which resulted in much lower heterogeneity (/2 =54%) with no evidence of bias based

on the funnel plot (Figure 3B and 4B), while still suggesting that maternal age was not
significantly associated with the risk of vertical transmission (Hedge’s g = —0.10 [95% CI:
-0.30-0.10]). Although the reasons for Torrico and colleagues’ disparate results are unclear,
this study included the oldest cohort of women in the review and could reflect changes in
which mothers are most likely to participate and return for follow-up in observational studies
(Torrico et al., 2004).

Parasite genetics

Three studies considered whether parasite genetics, including discrete typing unit (DTU)
and haplotype, were related to risk of vertical transmission (Buekens et al., 2018; Burgos et
al., 2007; Herrera et al., 2019). None of these studies identified a clear association between
7. cruziDTU and vertical transmission risk, but 1 study found that haplotypes significantly
differed between transmitting and non-transmitting cases (Herrera et al., 2019). Specifically,
this study found that the non-Tcl-H1 haplotype was more common among transmitting than
non-transmitting cases.

Other risk factors

Five studies examined various maternal and infant immunologic factors; however,
considerable heterogeneity between the studies prevented further analysis (Alonso-Vega et

Int J Infect Dis. Author manuscript; available in PMC 2021 August 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Klein et al.

Risk of bias

Page 6

al., 2005; Cardoni et al., 2004; Garcia et al., 2008; Hermann et al., 2004; Volta et al., 2016).
Three studies found that maternal interleukin(IL)-10 was not significantly associated with
transmission risk (Cardoni et al., 2004; Garcia et al., 2008; Hermann et al., 2004), while 1
study found an increased risk among women with lower IL-10 (Alonso-Vega et al., 2005).
Two studies found an increased transmission risk among women with lower tumor necrosis
factor(TNF)-a (Cardoni et al., 2004; Garcia et al., 2008), and 1 study found no significant
difference in transmission risk by maternal TNF-R2 level (Garcia et al., 2008). Finally, 1
study found an increased transmission risk among women with higher interferon(IFN)-+y in
cord blood (Torrico et al., 2005), while another found an increased risk among women with
higher IFN-y in whole blood incubated with 7. cruzilysate (Hermann et al., 2004).

Other potential risk factors examined by multiple studies included twin births,
socioeconomic factors, and immunologic factors. In 3 studies assessing risk of vertical
transmission among twin births, 2 found an increased risk of vertical transmission
(Kaplinski et al., 2015; Rendell et al., 2015), and 1 found no significant difference (Salas

et al., 2007). Three studies found no difference in risk among mothers who lived in urban

or rural areas (Chaparro and Genero, 2018; Kaplinski et al., 2015; Martin Suasnabar et al.,
2018). Finally, several individual studies considered additional risk factors, such as infant
genetics, maternal HIV status, infant sex, and maternal clinical form of Chagas disease
(Basile et al., 2019; Herrera et al., 2019; Juiz et al., 2016; Messenger et al., 2017; Scapellato
et al., 2009).

The risk of bias in the included publications ranged from moderate to high, assessed by

the Newcastle-Ottawa Scale (Supplementary Table 1). The most common limitation was
inadequate follow-up or response rates, as most infants did not complete the 9-month
follow-up required for serological diagnosis. Another common source of potential bias was
lack of controlled analysis, as the majority of included publications did not control for
confounding factors such as age, medical history, or socioeconomic status.

Discussion

This study is the first systematic review to examine and assess risk factors for vertical
transmission of Chagas disease. We identified 27 relevant publications with significant
heterogeneity in study design, population, infant diagnostic methods, and potential risk
factors.

A growing body of evidence supports an increased risk of vertical transmission among
mothers with a higher parasitic load. Our meta-analysis further supports this association,
although it was limited to 2 studies due to differences in study design and laboratory
techniques (Bern and Montgomery, 2009; Kaplinski et al., 2015). However, 3 studies

not included in the meta-analysis also found a significantly increased risk of vertical
transmission among women with higher parasitic loads, while only 1 study found a non-
significant trend in the same direction (Brutus et al., 2010; Bua et al., 2012; Rendell et al.,
2015). Notably, several studies also found higher transmission rates among women with
lower self-reported vector exposure (Danesi et al., 2020; Kaplinski et al., 2015; Martin
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Suasnabar et al., 2018; Negrette et al., 2005; Rendell et al., 2015). Although seemingly
counterintuitive, this relationship may also be explained by differences in parasitic load.
Previous studies have found that women who live in infested homes for extended periods
actually have lower parasitic loads, leading to the hypothesis that prolonged vector exposure
or superinfection may lead to an enhanced immune response (Rendell et al., 2015). Overall,
these results warrant further study of maternal parasitic load as a potential risk factor for
transmission to infants. As trypanocidal therapy is contraindicated in pregnant women,
these findings suggest that reducing the parasitic load in women of childbearing age before
pregnancy could reduce vertical transmission rates (Bustos et al., 2019). Although this
review did not specifically examine prior maternal treatment as a risk factor for vertical
transmission, multiple studies have demonstrated that trypanocidal treatment of infected
women reduces the risk of congenital transmission and should be considered a key target for
public health interventions (Fabbro et al., 2014; Moscatelli et al., 2015).

Older age is a known risk factor for maternal 7. cruz/ seropositivity in many endemic
countries (Cucunuba et al., 2012), in part due to lifelong vector exposure in endemic areas.
Reduced prevalence of infection in younger women is also thought to reflect improvements
in safe housing and vector control efforts in recent years (Samuels et al., 2013). However,
our meta-analysis suggests that maternal age is not a significant risk factor for vertical
transmission. Immunological control of the infection may be relatively stable across age
groups, consistent with studies demonstrating no difference in 7. cruziparasitic loads by
age among young and middle-aged adults (D’Avila et al., 2018; Rodrigues-dos-Santos et al.,
2018).

Some studies in our review suggested that immunologic factors or twin births may play
arole in risk of vertical transmission. Overall, maternal inflammatory profile was not
clearly associated with risk of vertical transmission, and this topic deserves more focused
attention. Twin pregnancies could be more susceptible to congenital infection than singleton
pregnancies due to placental insufficiency facilitating transplacental transfer of the parasite
or enhanced immune suppression allowing higher maternal parasitic loads. More research is
needed to clarify whether twin pregnancies have an increased risk of vertical transmission
and, if so, to study the pathogenesis of this risk.

The association between 7. cruzi genetics and vertical transmission risk is an emerging

area of study. 7. cruziDTU distribution is known to vary by country, and it has been
suggested that this could contribute to variation in vertical transmission rates (Luquetti et
al., 2015). One study in our review identified a higher risk of transmission with the non-Tcl-
H1 haplotype; however, no studies found a difference in DTUs between transmitting and
non-transmitting cases (Herrera et al., 2019). Future studies should directly compare both 7.
cruziDTUs and haplotypes between transmitting and non-transmitting mothers to clarify the
role of parasite genetics in vertical transmission.

Our review demonstrates that congenital Chagas disease testing strategies vary widely
between studies and countries. The most common diagnostic test remains micromethod,
which is subjective and detects less than half of congenital infections (Bern et al.,

2009; Messenger et al., 2017). Newer diagnostic methods such as quantitative PCR
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and IgM-TESA-blot (Trypomastigote Excreted-Secreted Antigens) are more expensive

but outperform older techniques, with significantly higher sensitivity and specificity for
detection of 7. cruziinfection (Castro-Sesquén et al., 2020; Picado et al., 2018). Future
studies would benefit from consistently using more sensitive techniques to detect congenital
infections.

This systematic review has several limitations, including the scope and quality of the
existing literature. Common limitations in the studies included lack of comparability
between study groups, lack of control for potential confounding factors, and high loss to
follow-up. Poor follow-up is a frequent challenge for congenital Chagas disease studies as
infant diagnosis can take 8—-12 months for serological results (Alonso-Vega et al., 2005;
Bern et al., 2009; Messenger et al., 2017). Many families do not return for long-term
follow-up due to financial and travel barriers and low perceived benefit. Many studies relied,
at least in part, on micromethod for infant diagnosis of congenital Chagas disease. Given
the low sensitivity of micromethod, many infants likely remained undiagnosed. Publication
bias could also potentially limit the number of available studies with non-significant results.
Finally, it can be difficult to distinguish risk factors for vertical transmission from sequelae
of congenital Chagas disease. For example, it is unclear whether infant immunologic factors
represent risk factors or sequelae of disease.

Despite the high morbidity and mortality associated with congenital Chagas disease,
relatively few studies have examined risk factors for vertical transmission of 7. cruzi
infection. Our current understanding of these risk factors is limited by poor to moderate-
quality evidence, a lack of large prospective studies, and significant heterogeneity between
studies. However, the existing literature suggests that high maternal parasitic load may

be associated with elevated risk of vertical transmission of 7. cruzi, while maternal age

does not appear contributory. Additional high-quality research is needed to further elucidate
maternal, environmental, infant, and parasitic risk factors for vertical transmission and to
identify high-risk populations. As the literature continues to grow, another systematic review
is warranted in 10 years to reassess risk factors for vertical transmission of 7. cruziinfection.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

We would like to thank Sarah Wright Towner for her assistance in the development of this systematic review
strategy. We would also like to thank Dr Caryn Bern, Dr Louisa Messenger, Dr Pierre Buekens, Luca Basile, Dr
Jean-Philippe Chippaux, and Dr Emmaria Danesi for their extraordinary collaboration to retrieve original study
data. Finally, we would like to thank Dr Charles Poole for his guidance with the meta-analysis strategy. Most
importantly, we would like to thank the women, infants, and families who participated in these studies.

Funding: This work was supported by the National Institutes of Health [K23 A1113197 to N.M.B. and D43
TW010074-07 to R.H.G.]. The funders of the study had no role in study design, data collection, data analysis, data
interpretation, or writing the report. The corresponding author had full access to all the data in the study and had
final responsibility for the decision to submit for publication.

Int J Infect Dis. Author manuscript; available in PMC 2021 August 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Page 9

References

Alonso-Vega C, Hermann E, Truyens C, Rodriguez P, Torrico MC, Torrico F, et al.Immunological
status of mothers infected with Trypanosoma cruzi. Rev Soc Bras Med Trop2005;38(Suppl. 2):101-
4. [PubMed: 16482826]

Basile L, Ciruela P, Requena-Méndez A, José Vidal MA, Dopico E, Martin-Nalda A,
et al.Epidemiology of congenital chagas disease 6 years after implementation of a
public health surveillance system, Catalonia, 2010 to 2015. Eurosurveillance2019;24:,
d0i:10.2807/1560-7917.ES.2019.24.26.19-00011.

Bern C, Martin DL, Gilman RH. Acute and congenital Chagas disease. Adv Parasitol2011;75:19-47,
doi:10.1016/B978-0-12-385863-4.00002-2Academic Press. [PubMed: 21820550]

Bern C, Montgomery SP. An estimate of the burden of Chagas Disease in the United States. Clin Infect
Dis2009;49:e52-4, doi:10.1086/605091. [PubMed: 19640226]

Bern C, Verastegui M, Gilman RH, LaFuente C, Galdos-Cardenas G, Calderon M, et al.Congenital
Trypanosoma cruzi transmission in Santa Cruz, Bolivia. Clin Infect Dis2009;49:1667-74,
doi:10.1086/648070. [PubMed: 19877966]

Brutus L, Castillo H, Bernal C, Salas A, Schneider D, Santalla J-A, et al.Short report: detectable
Trypanosoma cruzi parasitemia during pregnancy and delivery as a risk factor for congenital
Chagas disease. Am J Trop Med Hyg2010;83:1044-7, doi:10.4269/ajtmh.2010.10-0326. [PubMed:
21036835]

Bua J, Volta BJ, Velazquez EB, Ruiz AM, Rissio AM, De Cardoni RL. Vertical transmission of
Trypanosoma cruzi infection: quantification of parasite burden in mothers and their children
by parasite DNA amplification. Trans R Soc Trop Med Hyg2012;106:623-8, doi:10.1016/
j.trstmh.2012.03.015. [PubMed: 22835758]

Buekens P, Cafferata ML, Alger J, Althabe F, Belizdn JM, Bustamante N, et al.Congenital transmission
of trypanosoma cruzi in Argentina, Honduras, and Mexico: an observational prospective study. Am
J Trop Med Hyg2018;98:478-85, doi:10.4269/ajtmh.17-0516. [PubMed: 29210352]

Burgos JM, Altcheh J, Bisio M, Duffy T, Valadares HMS, Seidenstein ME, et al.Direct
molecular profiling of minicircle signatures and lineages of Trypanosoma cruzi bloodstream
populations causing congenital Chagas disease. Int J Parasitol2007;37:1319-27, doi:10.1016/
j.ijpara.2007.04.015. [PubMed: 17570369]

Bustos PL, Milduberger N, Volta BJ, Perrone AE, Laucella SA, Bua J. Trypanosoma cruzi infection

at the maternal-fetal interface: implications of parasite load in the congenital transmission
and challenges in the diagnosis of infected newborns. Front Microbiol2019;10, doi:10.3389/
fmicb.2019.01250.

Cardoni RL, Garcia MM, De Rissio AM. Proinflammatory and anti-inflammatory cytokines
in pregnant women chronically infected with Trypanosoma cruzi. Acta Trop2004;90:65-72,
doi:10.1016/j.actatropica.2003.09.020. [PubMed: 14739025]

Carlier Y, Torrico F, Sosa-Estani S, Russomando G, Luquetti A, Freilij H, et al.Congenital chagas
disease: recommendations for diagnosis, treatment and control of newborns, siblings and pregnant
women.PLoS Negl Trop Dis2011;5:, doi:10.1371/journal.pntd.0001250.

Castro-Sesquén YE, Tinajeros F, Bern C, Galdos-Cardenas G, Malaga ES, Valencia Ayala E, et al.The
IgM-SAPA-test for the early diagnosis of congenital Chagas disease in the time of the elimination
goal of mother-to-child transmission. Clin Infect Dis2020;, doi:10.1093/cid/ciaa986.

Chagas disease in Latin America: an epidemiological update based on 2010 estimates. Wkly
Epidemiol Rec2015;90:33-43. [PubMed: 25671846]

Chaparro RM, Genero S. Transmision congénita y factores maternos de la enfermedad de Chagas
en nifios al nacer y sus hermanos en la provincia del Chaco, Argentina. Rev Fac Cienc Med
Cordoba2018;75:279, doi:10.31053/1853.0605.v75.n4.21260.

Covidence — Better systematic review management. n.d. https://www.covidence.org/ [accessed
30.08.20].

Cucunuba ZM, Florez AC, Cérdenas A, Pavia P, Montilla M, Aldana R, et al.Prevalence and
risk factors for chagas disease in pregnant women in Casanare, Colombia. Am J Trop Med
Hyg2012;87:837-42, doi:10.4269/ajtmh.2012.12-0086. [PubMed: 23033397]

Int J Infect Dis. Author manuscript; available in PMC 2021 August 17.


https://www.covidence.org/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Klein et al.

Page 10

D’Avila DA, Galvio LMC, Sousa GR, Britto C, Moreira OC, Chiari E. Monitoring the parasite load
in chronic Chagas disease patients: comparison between blood culture and quantitative real time
PCR. PLOS ONE2018;13, doi:10.1371/journal.pone.0208133.

Danesi E, Fabbro DL, Segura EL, Sosa-Estani S. Higher congenital transmission rate of trypanosoma
cruzi associated with family history of congenital transmission. Rev Soc Bras Med Trop2020;53,
doi:10.1590/0037-8682-0560-2019.

Fabbro DL, Danesi E, Olivera V, Codebé MO, Denner S, Heredia C, et al. Trypanocide treatment of
women infected with Trypanosoma cruzi and its effect on preventing congenital Chagas. PL0S
Negl Trop Dis2014;8, doi:10.1371/journal.pntd.0003312.

Garcia MM, De Rissio AM, Villalonga X, Mengoni E, Cardoni RL. Soluble tumor necrosis factor
(TNF) receptors (STNF-R1 and-R2) in pregnant women chronically infected with Trypanosoma
cruzi and their children. Am J Trop Med Hyg2008;78:499-503. [PubMed: 18337349]

Guidelines for the diagnosis and treatment of Chagas Disease. 2019.

Hermann E, Truyens C, Alonso-Vega C, Rodriguez P, Berthe A, Torrico F, et al.Congenital
transmission of Trypanosoma cruzi is associated with maternal enhanced parasitemia
and decreased production of interferon-g in Response to Parasite Antigens. J Infect
Dis2004;189:1274-81, doi:10.1086/382511. [PubMed: 15031797]

Herrera C, Truyens C, Dumonteil E, Alger J, Sosa-Estani S, Cafferata ML, et al.Phylogenetic analysis
of Trypanosoma cruzi from pregnant women and newborns from Argentina, Honduras, and
Mexico suggests an association of parasite haplotypes with congenital transmission of the parasite.
J Mol Diagn2019;21:1095-105, doi:10.1016/j.jmoldx.2019.07.004. [PubMed: 31450011]

Howard EJ, Xiong X, Carlier Y, Sosa-Estani S, Buekens P. Frequency of the congenital transmission
of Trypanosoma cruzi: a systematic review and meta-analysis. BJOG An Int J Obstet
Gynaecol2014;121:22-33, d0i:10.1111/1471-0528.12396.

Juiz NA, Cayo NM, Burgos M, Salvo ME, Nasser JR, BUa J, et al. Human polymorphisms in
placentally expressed genes and their association with susceptibility to congenital Trypanosoma
cruzi infection. J Infect Dis2016;213:1299-306, doi: 10.1093/infdis/jiv561. [PubMed: 26597259]

Kaplinski M, Jois M, Galdos-Cardenas G, Rendell VR, Shah V, Do RQ, et al.Sustained domestic
vector exposure is associated with increased Chagas cardiomyopathy risk but decreased
parasitemia and congenital transmission risk among young women in Bolivia. Clin Infect
Dis2015;61:918-26, doi:10.1093/cid/civ446. [PubMed: 26063720]

Luquetti AO, do Nascimento Tavares SB, da Rocha Siriano L, de Oliveira RA, Campos DE, de
Morais CA, et al.Congenital transmission of Trypanosoma cruzi in central Brazil. A study
of 1,211 individuals born to infected mothers. Mem Inst Oswaldo Cruz2015;110:369-76,
doi:10.1590/0074-02760140410. [PubMed: 25993506]

Martin Suasnabar S, \eronica Olivera L, Laura Bizai M, Elizabeth Arias E, Denner S, Lucrecia
Fabbro D. Maternal risk factors for the transmission of congenital Chagas disease. Rev Patol
Trop2018;47:133, doi:10.5216/rpt.v47i3.55252.

Messenger LA, Gilman RH, Verastegui M, Galdos-Cardenas G, Sanchez G, Valencia E, et al.Toward
improving early diagnosis of congenital Chagas disease in an endemic setting. Clin Infect
Dis2017;65:268-75, doi:10.1093/cid/cix277. [PubMed: 28369287]

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic
reviews and meta-analyses: the PRISMA statement. PLoS Med2009;6: e1000097, doi:10.1371/
journal.pmed.1000097. [PubMed: 19621072]

Moscatelli G, Moroni S, Garcia-Bournissen F, Ballering G, Bisio M, Freilij H, et al.Prevention of
congenital Chagas through treatment of girls and women of childbearing age. Mem Inst Oswaldo
Cruz2015;110:507-9, doi:10.1590/0074-02760140347. [PubMed: 25993401]

Murcia L, Carrilero B, Munoz-Davila MJ, Thomas MC, Lépez MC, Segovia M. Risk factors
and primary prevention of congenital Chagas disease in a nonendemic country. Clin Infect
Dis2013;56:496-502, doi:10.1093/cid/cis910. [PubMed: 23097582]

Murcia L, Simén M, Carrilero B, Roig M, Segovia M. Treatment of infected women of childbearing
age prevents congenital Trypanosoma cruzi infection by eliminating the parasitemia detected by
PCR. J Infect Dis2017;215:1452-60, doi: 10.1093/infdis/jix087. [PubMed: 28201741]

Int J Infect Dis. Author manuscript; available in PMC 2021 August 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Klein et al.

Page 11

Negrette OS, Mora MC, Basombrio MA. High prevalence of congenital Trypanosoma cruzi
infection and family clustering in Salta, Argentina. Pediatrics2005;115: e668-72, doi:10.1542/
peds.2004-1732. [PubMed: 15930194]

Picado A, Cruz I, Redard-Jacot M, Schijman AG, Torrico F, Sosa-Estani S, et al. The burden of
congenital Chagas disease and implementation of molecular diagnostic tools in Latin America.
BMJ Glob Heal2018;3:e001069, doi:10.1136/bmjgh-2018-001069.

Py MO. Neurologic manifestations of Chagas disease. Curr Neurol Neurosci Rep2011;11:536-42.
[PubMed: 21904918]

Rendell VR, Gilman RH, Valencia E, Galdos-Cardenas G, Verastegui M, Sanchez L, et
al. Trypanosoma cruzi-infected pregnant women without vector exposure have higher parasitemia
levels: implications for congenital transmission risk. PLOS ONE2015;10:e0119527, d0i:10.1371/
journal.pone.0119527. [PubMed: 25807498]

Rodrigues-dos-Santos I, Melo MF, de Castro L, Hasslocher-Moreno AM, do Brasil PEAA, Silvestre
de Sousa A, et al.Exploring the parasite load and molecular diversity of Trypanosoma cruzi
in patients with chronic Chagas disease from different regions of Brazil. PLoS Negl Trop
Dis2018;12, doi:10.1371/journal.pntd.0006939.

Salas NA, Cot M, Schneider D, Mendoza B, Santalla JA, Postigo J, et al.Risk factors and consequences
of congenital Chagas disease in Yacuiba, south Bolivia. Trop Med Int Heal2007;12:1498-505,
doi:10.1111/j.1365-3156.2007.01958.x.

Samuels AM, Clark EH, Galdos-Cardenas G, Wiegand RE, Ferrufino L, Menacho S, et
al.Epidemiology of and impact of insecticide spraying on Chagas disease in communities in the
Bolivian Chaco. PLoS Negl Trop Dis2013;7, doi:10.1371/journal.pntd.0002358.

Scapellato PG, Bottaro EG, Rodriguez-Brieschke MT. Mother-child transmission of Chagas disease:
could coinfection with human immunodeficiency virus increase the risk?. Rev Soc Bras Med
Trop2009;42:107-9, doi:10.1590/S0037-86822009000200002. [PubMed: 19448923]

Torrico F, Alonso-Vega C, Suarez E, Rodriguez P, Torrico MC, Dramaix M, et al. Maternal
Trypanosoma cruzi infection, pregnancy outcome, morbidity, and mortality of congenitally
infected and non-infected newborns in Bolivia. Am J Trop Med Hyg2004;70:201-9, doi:10.4269/
ajtmh.2004.70.201. [PubMed: 14993634]

Torrico F, Alonso-Vega C, Suarez E, Rodriguez P, Torrico MC, Dramaix M, et al.Nivel de endemia
de la infeccion por Trypanosoma cruzi en el lugar de residencia de la madre y desarrollo de
la enfermedad de Chagas congénita en Bolivia. Rev Soc Bras Med Trop2005;17-20. [PubMed:
16482806]

Torrico F, Vega CA, Suarez E, Tellez T, Brutus L, Rodriguez P, et al.Are maternal reinfections with
Trypanosoma cruzi associated with higher morbidity and mortality of congenital Chagas disease?.
Trop Med Int Heal2006;11:628-35, doi:10.1111/j.1365-3156.2006.01623.x.

\olta BJ, Bustos PL, Cardoni RL, De Rissio AM, Laucella SA, Bua J. Serum cytokines as biomarkers
of early Trypanosoma cruzi infection by congenital exposure. J Immunol2016;196:4596-602,
d0i:10.4049/jimmunol.1502504. [PubMed: 27183607]

Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and standard deviation from the
sample size, median, range and/or interquartile range. BMC Med Res Methodol2014;14:135,
doi:10.1186/1471-2288-14-135. [PubMed: 25524443]

Wells G, Shea B, O’Connell D, Peterson J, Welch V, Losos M, et al.The Newcastle-Ottawa Scale
(NOS) for assessing the quality of nonrandomised studies in meta-analysisn.d. http://www.ohri.ca/
programs/clinical_epidemiology/oxford.asp (accessed April 13, 2020).

Int J Infect Dis. Author manuscript; available in PMC 2021 August 17.


http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Klein et al.

Page 12

Number of records identified through
database searching

Number of additional records identified
through other sources

PubMed: 587
EMBASE: 897 Clinicaltrials.gov: 2
LILACS: 89 Reference review: 2
\ 4 A\ 4
Total number of duplicates removed
239
Number of abstracts
Number of records screened . excluded
1335 1274
L 4 Number of full-text articles
Number of full-text articles gzcluded, with reasons:
assessed for eligibility B
61 Ineligible study design: 15
Ineligible publication type: 10
Ineligible outcome: 3
Full text unavailable: 2
Ineligible comparator: 2
Duplicate: 2
\ 4
Number of studies (articles)
included in systematic review
27
Figure 1.

PRISMA flow diagram.
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Study N  Mean SD N  Mean SD with 95% CI (%)
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Heterogeneity: 1 = 0.00, I = 0.00%, H" = 1.00
Test of 6:= 6 Q(1) = 0.22, p= 0.64
Testof ©=0:2=4.40,p=0.00

4

Random-effects REML model

Figure 2.
Forest plot of maternal parasitic load as a risk factor for vertical transmission among

T. cruzi seropositive mothers. *Means and standard deviations were estimated from the
medians and interquartile ranges (see Methods).
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Random-effects REML model

Figure 3.

Forest plots of maternal age as a risk factor for vertical transmission among T. cruzi

seropositive mothers. A: Results from 2 studies were not included due to overlapping
patient cohorts with Kaplinski et al., 2015 (Messenger et al., 2017; Rendell et al., 2015). B:
Sensitivity analysis excluding Torrico et al. (2004).
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Contoured funnel plot of studies examining maternal age as a risk factor for vertical
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transmission. A: Funnel plot of all 10 studies included in the meta-analysis of maternal
age. B: Sensitivity analysis excluding Torrico et al. (2004).
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