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Abstract

Background: Vertical transmission of Trypanosoma cruzi infection from mother to infant 

accounts for a growing proportion of new Chagas disease cases. However, no systematic reviews 

of risk factors for T. cruzi vertical 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 T. cruzi infection. 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 T. cruzi 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 T. cruzi infection.
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Introduction

Over 5 million people in Latin America are infected with Trypanosoma 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 T. cruzi infection, 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 T. cruzi infection. 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).

Methods

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 T. cruzi infection and their infants were 

included. Acceptable exposures included a broad array of potential risk factors for T. 
cruzi transmission, 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 T. cruzi infection 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 T. cruzi infections 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 

et al., 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 T. 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; García 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 T. cruzi infection. 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 T. 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 (I2< 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 

T. 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; 

García 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 T. cruzi seropositive 

mothers (Figure 3A) and demonstrated an overall effect size (Hedge’s g) of −0.52 (95% 

CI: −1.34–0.31). However, heterogeneity in this analysis was very high (I2 = 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 (I2 =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 

T. cruzi DTU 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-TcI-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 
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al., 2005; Cardoni et al., 2004; García 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; García 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)-α (Cardoni et al., 2004; García et al., 2008), and 1 study found no significant 

difference in transmission risk by maternal TNF-R2 level (García et al., 2008). Finally, 1 

study found an increased transmission risk among women with higher interferon(IFN)-γ in 

cord blood (Torrico et al., 2005), while another found an increased risk among women with 

higher IFN-γ in whole blood incubated with T. cruzi lysate (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).

Risk of bias

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 T. cruzi seropositivity in many endemic 

countries (Cucunubá 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 T. cruzi parasitic loads by 

age among young and middle-aged adults (D’Ávila et al., 2018; Rodrigues-dos-Santos et al., 

2018).

Some studies in our review suggested that immunologic factors or twin births may play 

a role 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 T. cruzi genetics and vertical transmission risk is an emerging 

area of study. T. cruzi DTU 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-TcI­

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 T. 
cruzi DTUs 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 T. cruzi infection (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 T. 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 T. 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 T. cruzi infection.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
PRISMA flow diagram.
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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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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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Figure 4. 
Contoured funnel plot of studies examining maternal age as a risk factor for vertical 

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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