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Abstract: TORCH pathogens are a group of globally prevalent infectious agents that may cross the
placental barrier, causing severe negative sequalae in neonates, including fetal death and lifelong
morbidity. TORCH infections are classically defined by Toxoplasma gondii, other infectious causes
of concern (e.g., syphilis, Zika virus, malaria, human immunodeficiency virus), rubella virus, cy-
tomegalovirus, and herpes simplex viruses. Neonatal disorders and congenital birth defects are the
leading causes of neonatal mortality in Central America’s Northern Triangle, yet little is known about
TORCH congenital syndrome in this region. This review synthesizes the little that is known regarding
the most salient TORCH infections among pregnant women and neonates in Central America’s
Northern Triangle and highlights gaps in the literature that warrant further research. Due to the
limited publicly available information, this review includes both peer-reviewed published literature
and university professional degree theses. Further large-scale studies should be conducted to clarify
the public health impact these infections in this world region.

Keywords: TORCH congenital syndrome; TORCH Central America; congenital infections Central
America; congenital syndromes Central America’s Northern Triangle

1. Introduction

Maternal mortality in Central America’s Northern Triangle is high [1]. As of 2015,
maternal mortality ratios in El Salvador, Guatemala, and Honduras per 100,000 live births
were 54, 88, and 129, respectively [1]. Approximately 25% of women aged 20–24 years
have their first child before the age of 18 [1]. Neonatal disorders and congenital birth
defects comprise the leading causes of neonatal mortality [2]. Urban population growth
over the past two decades in Central America has been twice that of other Latin American
populations [3]. Compounding factors including urban population growth, income, and a
unique ecological climate make infectious diseases prominent throughout the region [3].
Public health capacity to monitor vector-borne and other infectious diseases is challenging,
particularly in underserved regions with limited resources, leading to under-detection and
under-reporting, particularly in the most vulnerable populations.

Pregnant women in Central America’s Northern Triangle face a host of challenges,
including restricted or limited education surrounding contraceptive use, access to prenatal
care, high rates of gender-based violence, total abortion restrictions, and underage preg-
nancy [4,5]. Rural residing and indigenous persons comprise a large proportion of the
Central American population, making access to care and culturally informed care even
more challenging among these groups [4]. El Salvador is the only Central American country
with a specific law to prioritize and promote maternal–child health throughout the perinatal
period [6]. This law is aligned with World Health Organization (WHO) recommendations
for postnatal care, promotion of breastfeeding and mother–child bonding [6].
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TORCH infections are vertically transmitted and are infectious causes of considerable
congenital and neonatal morbidity and mortality globally [7]. Traditionally, these infections
include toxoplasmosis, other infections of concern, rubella, cytomegalovirus (CMV), and
herpes simplex virus (HSV). The “other” category includes various other communicable
pathogens, including hepatitis B and C, HIV, syphilis, Chagas disease, Zika virus, varicella,
and parvovirus B19 [8,9]. Up to 30% of stillbirths are attributed to infectious causes,
although further research is needed to clarify the burden of these infections globally [10].
The symptoms of TORCH congenital syndrome are vast, overlapping, and often severe,
leading to lifetime morbidity (Table 1) [10].

Table 1. TORCH pathogens and corresponding typical congenital/neonatal infection manifestations *,1.

Symptoms Symptom Category TOXO CHAG ZIKV DENV RUBV CMV HSV

Fever Acute/Inflammatory condition X

Jaundice Acute/Inflammatory condition X X X

Meningitis Acute/Inflammatory condition X X X

Rash Acute/Inflammatory condition X X X X

Anemia Blood disorder X X X

Thrombocytopenia Blood disorder X X X

Hydrocephalus CNS disorder X X X X

Intracranial
calcifications/brain

malformations
CNS disorder X X X X X

Microcephaly CNS disorder X X X X

Ventriculomegaly CNS disorder X X X X

Low birthweight/IUGR Growth/gestation impacts X X X X X X

Preterm birth Growth/gestation impacts X X

Stillbirth/fetal loss/
neonatal death Growth/gestation impacts X X X X

Chorioretinitis/ocular disease Long-term sequelae/
CNS disorder X X X X X

Developmental delay Long-term sequelae/
CNS disorder X X X

Hearing loss Long-term sequelae/Organ
system conditions X X X X

Hepatosplenomegaly Conditions of organs/tissues X X X X X X

Hydrops Conditions of organs/tissues X X

Cardiomyopathy/cardiac
lesions/myocarditis

Conditions of organs/tissues X X X

* Toxo—Toxoplasma gondii, CHAG—Chagas disease, ZIKV—Zika virus, DENV—Dengue virus, RUBV—rubella
virus, CMV—cytomegalovirus, HSV—herpes simplex viruses, CNS—central nervous system, IUGR—intrauterine
growth restriction; 1 common TORCH symptoms were derived from the following sources [8,10,11].

Generally, TORCH infection clinical outcomes commonly include low birthweight,
preterm birth, stillbirth, hearing and vision loss, and neurological and developmental
sequalae that may have lifelong impacts on affected children [9,10]. Microcephaly, hy-
drocephalus, developmental anomalies and delays are other hallmarks of many TORCH
pathogens [12]. The exact mechanisms of placental infection or otherwise vertical transmis-
sion pathways are not fully understood [7]. However, studies have focused on pathogen
invasion of the trophoblast, decidua, maternal capillaries or other vasculature following
immune damage to the placenta, or through placental macrophages [7,10]. The risk of
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infection and vertical transmission varies by pathogen and by world region [9]. Typi-
cally, neonatal outcomes are more severe when these infections are acquired in the early
stages of pregnancy, early in fetal development [9]. Early detection and treatment (when
available) are essential for preventing potential lifelong morbidity as well as maternal and
neonatal mortality. TORCH infections disproportionately affect low-and middle-income
countries, and limited resource capacity for surveillance leaves the true burden of these
infections unknown [13]. This review will highlight traditional TORCH pathogens along
with three additional salient pathogens responsible for perinatal infections in Central Amer-
ica’s Northern Triangle: Honduras, Guatemala, and El Salvador. In 2015, the Pan American
Health Organization certified the WHO Region of the Americas as the first world region
to eliminate rubella and rubella congenital syndrome, with zero cases reported in Cen-
tral America’s Northern triangle after 2006 [14,15]. Therefore, rubella was excluded from
this review.

The United Nations 2030 Agenda for Sustainable Development, Goals 3.1–3.3, aim to
reduce maternal mortality, end preventable mortality among neonates and children <5 years,
and combat communicable disease transmission [16]. Despite increasing international
efforts to monitor the prevalence of congenital anomalies, Central America’s Northern
Triangle is not included in any coordinated health agency efforts to monitor these out-
comes [17]. Due to the importance of TORCH infections in the context of maternal child
health and the associated severe lifetime morbidity among those infected, this literature
review aimed to clarify what is known about TORCH infections and pertinent knowledge
gaps in Central America’s Northern Triangle.

2. Materials and Methods

A literature review was conducted to synthesize the limited information regarding
TORCH infections in Central America’s Northern Triangle as defined by the following
infections: Toxoplasmosis gondii, Trypanosoma cruzi, Zika virus, Dengue virus, rubella virus,
cytomegalovirus, and herpes simplex virus. We searched the following databases for
any peer-reviewed articles in English or Spanish between the years 2012 and August
2022: Pubmed, Google Scholar, ScieLo, PAHO, Latin American and Caribbean Health
Sciences Literature, MASCOT/Wotro Map of Maternal Health Research, and Repositorio
Centroamericano SIIDCA-CSUCA. University repositories from El Salvador, Guatemala,
and Honduras were searched for bachelor’s, master’s, and professional degree theses to
further include studies not published in peer-reviewed scientific literature. Search terms
were extensive, and the search was conducted with terms in both English and Spanish. Due
to a general lack of information surrounding TORCH infections in this region, we included
articles on the previously specified pathogens within the context of congenital infections,
pregnant women, and women of childbearing age.

Reasons for exclusion from the final manuscript included: outside of date range,
not original research, outside of target population, and outside of target countries of
interest. Given the rarity of these infections within the common scientific literature, the
overall majority of articles selected for this review were in the gray literature; consequently, the
traditional PRISMA method was not employed. Findings from gray literature publications and
other data sources used for this manuscript can be further found in Supplementary Materials.

3. Results
3.1. Toxoplasmosis

Toxoplasma gondii is the etiologic agent of the highly prevalent zoonotic infection
toxoplasmosis [18]. T. gondii is typically acquired environmentally through ingestion of
sporulated oocysts in contaminated food or water [18,19]. Estimates suggest a prevalence
of nearly 30% of the global human population, although prevalence varies widely between
nations and world regions [20]. Although nearly half of infections are subclinical, severe
infections can occur within the immunocompromised or in congenital cases, translating to
1.2 million disability-adjusted life years globally [21–23].
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T. gondii is a genetically and geographically heterogenous parasite with three primary
circulating strains (Type I, II, III), with Type I shown to be more virulent compared to other
circulating strains [24,25]. Although few genotyping studies exist from Central America,
Type I strains were identified in congenital toxoplasmosis cases in this region, with atypical
strains found in sylvatic environments along with higher-than-average parasite strain
diversity [20,26]. South American strains are varied with documented higher disease sever-
ity [27]. Differences in symptomology and symptom severity of congenital toxoplasmosis
have been identified by world region, although the connection between strain type and
clinical manifestations should be further explored [20].

Of primary clinical importance is vertical transmission that occurs when tachyzoites
from an infected mother cross the placenta, infecting the fetus [25]. Consistent with other
protozoan parasites, the direct mechanisms of congenital transmission and host–parasite
interaction of T. gondii with the placental barrier are not well understood [28]. Immune
response and tissue damage caused by pro-inflammatory cytokines are thought to be
contributors [29]. Vertical transmission primarily occurs among pregnant women with
acute, primary infection during pregnancy, and less commonly, with infection just prior to
gestation [20,30]. Among chronically infected women, congenital transmission may occur
from reactivation of the parasite if immunocompromised or reinfection with a more virulent
strain [20,30]. Transmission risk for the T. gondii parasite varies across maternal pregnancy
stages, with increasing risk across gestational age [21]. Changes in maternal immune factors
along with decreasing anatomical thickness of the placenta are thought to play a major role
in this increasing risk over the course of pregnancy [20,21,30]. Contrastingly, congenital
infection severity and risk of symptomatic congenital infection are higher when infection
occurs earlier in pregnancy [21]. Parasite load, T. gondii strain virulence, and maternal
immune function also contribute to congenital disease severity [23]. Due to variations in
the seroprevalence of T. gondii infection among women of childbearing age, the risk of
vertical transmission varies by country and world region [31]. Transmission risk further
depends on maternal factors, including maternal comorbidities and treatment within the
prenatal period [20]. The overall risk of vertical transmission among primary-infected
mothers ranges from 20–50% [30]. However, third trimester infections have shown rates of
vertical transmission between 60 and 80% [32].

Clinical manifestations of congenital toxoplasmosis vary, including microcephaly, hep-
atosplenomegaly, jaundice, petechiae, thrombocytopenia, anemia, transaminitis, seizures,
hearing and vision loss, and developmental delay [29,30,33]. Typical hallmarks of infection
include intracranial calcification, hydrocephalus, and choroidoretinitis [27], although hy-
drocephalus occurs in only 4% of symptomatic congenital infections [21]. In the absence
of congenital infection, negative birth outcomes may also result when mothers are chroni-
cally infected, as slower fetal development and postnatal developmental delay have been
associated with chronic maternal infection [22].

Treatment with spiramycin or a pyrimethamine and sulphonamide combination is
recommended for primary acute infection among pregnant women to prevent maternal-
fetal transmission; however, it is still unclear whether treatment reduces transmission
risk, as no randomized control trials have thus far been conducted [20,27]. While most
published studies show benefits in some clinical respects, randomized control trials are
needed to assess treatment efficacy at various intervention time points during acutely
infected pregnancies.

Ultrasound may detect hallmark symptoms of congenital T. gondii during pregnancy
along with intrauterine growth restriction and hepatosplenomegaly, prompting clinical
suspicion for testing [27]. However, severe congenital infections are primarily diagnosed
through routine neonatal screening, when neurological or ophthalmological symptoms
present along with maculopapular rash, jaundice, and small for gestational age [23,34].
Following clinical suspicion and confirmation of maternal infection, T. gondii serology is
performed [23]. IgG avidity testing is further conducted to assess temporality of infection
and risk to the fetus, particularly up to 16 weeks, to exclude acute infection if there are high
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avidity results [20]. Molecular methods using amniotic fluid, peripheral blood, urine, or
cerebrospinal fluid PCR also confirm congenital transmission [23].

Screening of pregnant women during prenatal care has been implemented in few
countries, primarily in Europe, where programs are both clinically beneficial and cost-
effective [34,35]. Screening programs are a critical component of public health intervention,
as pregnant women or women planning to become pregnant may have the opportunity to
avoid unnecessary behaviors that increase the risk of primary infection (poor sanitation,
unhygienic practices, eating undercooked meat) [22]. Further, acutely positive women
may have the opportunity for prophylaxis and treatment intervention to prevent parasite
transmission to the fetus.

Congenital T. gondii studies and seroprevalence studies among women of childbearing
age are limited in Central America’s Northern Triangle; however, the burden of latent
infection is hypothesized to be high due to a well-established link between infection
and low socioeconomic status (SES) or countries with a low human development index
score [22]. Previous studies have attempted to quantify the global burden of both la-
tent and acute T. gondii in pregnant women [22,31,33]. In El Salvador and Guatemala,
the prevalence of T. gondii IgM among pregnant women is about 0.9% (range: 0.8–1.0%),
while in Honduras, active infection is estimated at 1.0% (range: 1.0–1.1%) [31]. Seropreva-
lence of T. gondii IgG in El Salvador, Guatemala, and Honduras are estimated at 52.1%
(range: 51.7–52.4%), 52.8% (range: 52.5–53.2%), and 29.7% (range: 29.4–30.0%), respec-
tively [31].

In Guatemala, a study from San Juan Sacatepéquez evaluated two groups of 30 women
of childbearing age with and without domestic pet cats for the presence of T. gondii IgM
and found that no (N = 0) women were positive by chemiluminescent assay [36]. Another
study in the Zacapa department, Guatemala, found 50.4% of women of childbearing age
seropositive for T. gondii IgG [37]. Seropositivity was significantly associated with having
an earthen floor in the home and varied across municipality and age group. Approximately
62% (N = 5/8) of participating pregnant women had positive IgG serology results [37]. A
separate multi-site study found only 1 congenital toxoplasmosis case out of 523 of neonates
from reference hospitals across three departments [38]. The resulting seropositive neonate
was born premature at 35 weeks of gestations at 5 pounds with no other remarkable symp-
toms noted [38]. In Honduras, one study found 48% T. gondii IgM positivity and 49%
IgG positivity among 88 pregnant women attending prenatal care in Paraiso. The study
further found a significant association with seropositivity and the risk of miscarriage [39]. A
significant association was also observed between IgM positivity and lack of hand washing,
keeping pets indoors, and ensuring food is well cooked before eating [39]. In El Salvador,
one study found 26.5% T. gondii IgG (N = 26/98) seropositive among women of childbear-
ing age [40]. None of the participants were positive for IgM, and 65% were pregnant
(N = 34/98); however, the number of IgG seropositive pregnant women was not re-
ported [40]. One thesis found IgG seroprevalence of 17.4% among 86 women from the
departmental referent hospital blood bank in San Miguel, and zero were IgM positive [41].
A two-year study of microcephalic infants <1 year presenting to the national referent
children’s hospital in 2015 and 2016 revealed three infants positive for toxoplasmosis and
three infants with toxoplasmosis and cytomegalovirus coinfection [42]. Prior hospital
studies found 15.3% of 85 pregnant women in Hospital Nacional de Usulután positive
for acute infection [41]. In this same department in 2019, a suspected case of congenital
toxoplasmosis resulted in infant death [43].

3.2. Other—Chagas Diseases

Trypanosoma cruzi is a kinetoplastid parasite and the infectious agent responsible
for Chagas disease [44]. Due to globalization and population movement, imported hu-
man cases are now found worldwide with approximately 6 million globally infected and
71 million at risk for infection [45,46]. Vector-borne stercorarian transmission is limited
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from North America to the southern cone countries of Latin America due to the ecological
habitat of the triatomine disease vector [45,47].

T. cruzi parasite has a highly complex plastic genome and is organized into seven sub-
clades or DTU from TcI-TcVI, with six infecting humans and mammals (DTU TcI-TcVI) and a
seventh distinct TcBat that circulates within Chiropteran populations [45,47–49]. Differential
distributions of parasite DTU occur geographically, with the most common DTU, TcI,
predominating from North America to the northern region of South America [50]. TCV
and TcVI dominate within human Chagas disease transmission cycles in South American
southern cone countries [47]. The influence of parasite DTU on vertical transmission is not
well understood; however, some studies show DTU-dependent placental tropism [44,46].

Congenital transmission occurs through trypomastigote passage across the placenta
for acute infection in the neonate [51]. Similar to other protozoans, T. cruzi is able to evade
host immune response and cross the placental barrier; however, the distinct mechanisms of
congenital transmission have yet to be clarified [46]. Susceptibility for vertical transmission
depends upon virulence factors of the T. cruzi strain, level of parasitemia, ability of the
parasite to evade immune response, and maternal and fetal immune responses to the
pathogen [44,50]. High parasitemia is thought to contribute to destruction of the placen-
tal trophoblast layer, for differentiation within the basal laminae and stromal cells [46].
Therefore, vertical transmission is more likely to occur during acute or reactivated infection
during pregnancy or when maternal parasitemia is significantly elevated in chronically
infected mothers [50]. When parasitemia is lower, placental breaches or tears are thought
to contribute to parasite passage of the placental barrier [50].

Nearly 60% of congenitally infected neonates are asymptomatic at birth; however,
infected neonates may still progress to dilated cardiomyopathy and other typical chronic
manifestations throughout their life [46]. Those that do present with symptoms may experi-
ence low birth weight, prematurity, anemia, myocarditis, hepatosplenomegaly, meningoen-
cephalitis, respiratory distress syndrome, organomegaly, and low Apgar scores [45,46,50].
Neonatal death and spontaneous abortion may also occur in a small proportion of vertically
transmitted pregnancies [45]. Adverse health outcomes are more likely to occur in cases of
acute or reactivated maternal infection [50].

Gold standard testing for congenital infection is conducted through molecular methods
such as PCR using primers from satellite or minicircle-derived kinetoplast DNA [45].
Resource limitations in certain endemic countries provide challenges employing molecular
methods for disease diagnosis [46]. Therefore diagnosis of congenital infection is typically
made by direct parasitological examination from birth to between 60 and 90 days coupled
with serology 9 to 12 months of age in infants, after maternal antibodies have dissipated
within the infant [45,46].

Although originally developed in the 1960s and 1970s, benznidazole and nifurtimox
remain first line treatments for Chagas disease globally [45]. Anti-parasitic treatment
among infants <1 year of age is highly effective, and common side effects are well tolerated
among children [45].

Nearly 25% of the global burden of Chagas disease is due to congenital transmis-
sion [45]. The WHO estimates that within endemic countries, over 1 million women of
childbearing age are infected with T. cruzi, resulting in approximately 9000 congenitally
infected live births [52,53]. Overall, Chagas disease prevalence ranges between 5% and 40%
among women of childbearing age across Latin America [51]. However, few large-scale
population studies have been conducted in Central America, leaving the true burden un-
known [51,54,55]. Vertical T. cruzi transmission occurs in approximately 5% of births to
infected women but is highly variable by endemic country [51]. Further, the 5% overall
congenital transmission rate is largely based on South American studies, where different
parasite strains circulate [56].

Increased risk for vertical transmission has been linked to maternal poverty, mal-
nutrition, and the presence of maternal comorbidities due to linkages with maternal
immunomodulation [50]. In Guatemala, national T. cruzi prevalence is approximately
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1.23% [55,57]. However, studies conducted between 2014 and 2015 in Jutiapa and Jalapa
departments found between 3.3 and 10.8% T. cruzi prevalence among women of childbear-
ing age [58,59]. Statistically significant associations between seropositive and age were
observed [59]. A 2016 study in Jutiapa department found 3.8% seroprevalence among
pregnant women [57]. A recent professional degree study in Chiquimula department
found 27.6% seropositivity among women of childbearing age (N = 37/134), highlighting
the variability and clustering of these infections in high-risk areas [60]. In Honduras, the
prevalence of Chagas among all age groups is 0.92% [57]. Among women of childbearing
age, the Honduran Ministry of Health reported 1% seropositivity within the years 2015
and 2017 [57]. One professional degree thesis found 1.6% (N = 46/2794) seropositivity
among pregnant women across 12 departments between 2013 and 2015 [61]. The first
published study of vertical transmission in Honduras was conducted in 2018. Of the
6583 women recruited at labor and delivery, 230 cord blood samples were positive by at
least one rapid test, and 181 women were seropositive [56] At birth, 2.2% (N = 4/181)
neonates were positive by direct parasitological examination at the time of birth, although
zero cases of congenital transmission were identified when infants were screened at
10 months of age [56]. The first case report of confirmed congenital transmission was
published shortly following, in 2019 [62]. Infection prevalence of T. cruzi in El Salvador
is estimated to be 1.3% among all ages [55,57]. The first and only published study, to the
best of our knowledge, regarding congenital Chagas transmission in El Salvador in 2015
revealed 3.8% (N = 36/943) seroprevalence among pregnant women from three high-risk
departments [54]. One of the thirty-two neonates resulting from this study was positive and
was documented as the first congenital Chagas case in El Salvador [54]. Previous profes-
sional degree studies found 8.6% (N = 10/116) seropositivity among pregnant participants
from three health centers in eastern departments and 1.9% (N = 1/52) of third-trimester
pregnant women seropositive with no evidence of vertical transmission [63,64]. Screening
of pregnant women for T. cruzi incrementally began as part of recent technical guidelines in
El Salvador, with a 0.44% seropositivity rate among 18,000 screened in 2018 [57]. However,
the implementation of this program after 2018 is unknown and is absent from Salvadoran
clinical guidelines for prenatal screening, and no data are publicly available [6,65].

3.3. Other—Zika Virus

Zika virus (ZIKV) is a positive-sense, single-stranded RNA virus of the family Fla-
viviridae, genus Flavivirus, that causes severe congenital defects when acquired during
pregnancy [66,67]. ZIKV is principally transmitted via infected female Aedes mosquitoes
and can also be sexually transmitted [3,12,68]. Due to the disproportionate frequency of
microcephaly cases produced during the 2015–2016 outbreak, ZIKV was the first arbovirus
to be linked to teratogenic birth anomalies [68–70]. Although vertical and sexual trans-
mission had been reported in prior outbreaks in French Polynesia, the more recent South
American epidemic provoked the WHO to confirm causal associations between ZIKV virus
and congenital abnormalities for the first time in March 2016 [7,68].

The primary pathway of concern is vertical transmission through the placenta, with
severe manifestations of congenital Zika syndrome occurring when maternal infection is
acquired early in pregnancy [12]. ZIKV has also been detected in breast milk, saliva, and
urine, creating the potential for additional neonatal transmission outside of the traditional
placental pathway [12]. Risk of vertical transmission is dependent upon a variety of
factors including timing of maternal infection, comorbidities, host immune response,
and serostatus for other flavivirus infections [10]. Although exact mechanisms remain
unclear, non-structural proteins NS4A and NS4B are thought to be involved in enhanced
autophagy, causing disrupted centrosome stability, contributing to hallmark central nervous
system abnormalities [7,71]. Maternal inflammatory response induced trophoblast and
fetal capillary damage along with viral targeting of progenitor cells, and cortical thinning
also contributes to vertical transmission risk [7]. The impact of antigenic cross-reactivity
with other flaviviruses is particularly important in congenital transmission but has not been
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fully clarified [70]. Studies have shown varying results with both protective, enhanced host
immune response and antibody-dependent enhancement activation leading to increased
placental pathogenesis and viral invasion of the trophoblast [70].

In newborns, congenital Zika syndrome results in the hallmark of microcephaly or
other varying degrees of brain malformations and neurologic sequelae [67]. Rates of
vertical transmission and resulting congenital manifestations in infected neonates have
been difficult to assess, as rigorous study designs are challenging to employ in the context of
congenital Zika transmission [7,12,72]. Likely depending on first or early second trimester
gestational age when maternal infection occurs, studies have estimated risk anywhere
between 1 and 13% [7,12,73]. First trimester infections have also been associated with
abortion, stillbirth and neonatal death [7]. Other congenital infection symptoms include
brain and ocular anomalies, cranial abnormalities, and neurological damage that lasts, in
most cases, throughout the lifetime of the child [67,74]. Congenital Zika virus may also
result in mortality with a median rate of 41 per 1000 infected neonates; however, data are
based on limited studies with small sample sizes [67].

Congenital Zika may be detected early in pregnancy if central nervous system abnor-
malities are observed via ultrasound and are confirmed via positive serologic maternal test
along with quantitative RT-PCR in amniotic fluid or neonatal serum [12]. Case reports have
retrospectively detected ZIKV in placental and brain tissue as well as in cerebrospinal fluid
following stillbirth [12].

In both the general population and among vulnerable groups such as pregnant women,
diagnosis, treatment, and prevention are challenging. Antiviral treatments and vaccine
candidates are not yet available for ZIKV infection [7]. Therefore, clinical management is
typically palliative in nature.

Due to overlapping unique climatic, social, and ecological factors including land
use change, deforestation, and urban population growth, Central America is particularly
vulnerable to mosquito-borne disease emergence and resurgence [3]. The first locally ac-
quired ZIKV cases were identified in November 2015 in El Salvador and Guatemala and
have since established endemicity, although cases burdens have lessened since the initial
outbreak [3]. The majority of studies regarding vertically transmitted ZIKV have been
conducted in mouse models, with more rigorous studies concentrated in Brazil and Colom-
bia [12]. From May 2015 to January 2018, the Pan American Health Organization recorded
cases of ZIKV and congenital Zika syndrome, confirmed by the WHO case definition.
Between these dates, El Salvador reported 11,789 cases of ZIKV with 51 confirmed, along
with 4 confirmed congenital cases. Guatemala reported 3907 cases with 1032 confirmed
cases and 140 confirmed congenital cases. Honduras reported 32,385 cumulative cases with
308 confirmed and 8 instances of zika congenital syndrome [75]. According to PAHO, cur-
rent ZIKV cumulative incidence in El Salvador, Guatemala, and Honduras as of 2 August
2022 is 1.96, 8.01, and 0.16 per 100,000 population, respectively [76].

Due to limitations in access to care for underserved populations and the proportion
of asymptomatic infections among the general population alone, the prevalence of ZIKV
among pregnant women in unknown. No studies from the published or gray literature were
obtained from Honduras or Guatemala, as most of the Central American research regarding
congenital Zika syndrome has been centered in Nicaragua, Panama, and Costa Rica. In El
Salvador, when symptomatic women presenting with symptoms are diagnosed, cases are
routinely reported to the Ministry of Health, and data are publicly available. In 2016, the
Ministry of Health published technical guidance for infants with microcephaly in public
hospitals, resulting in several small-scale studies at the University of El Salvador. One
such study at the national reference hospital, Hospital Nacional de Niños Benjamín Bloom
(HNNBB), found 26.8% of a cohort of microcephalic infants had mothers with diagnosed
ZIKA during pregnancy, and 7.3% of infants were positive for ZIKV [42]. Underserved
populations with lower access to health care have been associated with higher risk of ZIKV
infection [12]. The proportion of asymptomatic infections coupled with the high cross-
reactivity to other flaviviruses along with the inability to eradicate the highly urbanized
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Aedes vector species warrants continued ZIKV research and rigorous screening guidelines
among pregnant women to prevent congenital anomalies [77].

3.4. Other—Dengue Virus

Dengue virus (DENV) is a widely circulating positive-sense, single-stranded RNA
flavivirus that has increased in incidence 30-fold over the last 50 years [78–81]. Nearly 53%
of the world population is at risk for infection [82]. Considered the most prevalent arboviral
infection, the large rise in incidence over recent decades has further been accompanied by
more frequent outbreaks of increased intensity and geographical range [80,81,83]. Nearly
400 million cases of infection, 500,000 hospitalizations, and 20,000 annual fatalities are
attributable to DENV globally each year [81]. Transmitted by Aedes mosquitoes, dengue
virus is divided into four distinct serotypes (DENV-1, DENV-2, DENV-3, DENV-4) [84].
Specific neutralizing antibodies confer lifetime immunity to the infecting serotype [82].
Antibody-dependent enhancement in secondary infections contributes to a higher risk of
severe dengue; however, pathogenic mechanisms of dengue are complex, and gaps exist in
the understanding of exact viral mechanisms leading to risk for severe infections [84]. In
many endemic countries, all four serotypes circulate concurrently. Differences in virulence
have also been found between DENV serotypes and world regions, with Southeast Asian
DENV-2 strains implicated in the increased pathogenicity seen in past Latin American
outbreaks [84].

DENV may also be transmitted vertically through the placenta or through breastmilk,
although accurate estimates of vertical transmission rates and the prevalence of dengue
among pregnant women have been limited by common asymptomatic presentation and
limitations in study designs of the current literature [78,85,86]. Symptoms typically associ-
ated with dengue including thrombocytopenia and vascular permeability may contribute
to viral passage across the placental barrier, and initiation of pro-inflammatory-induced
placental damage may further lead to vertical transmission along with placental and fetal
damage [87]. However, vertical transmission mechanisms remain unclear given the limited
information in general surrounding perinatal and congenital dengue.

Typically, the risk of severe dengue increases with the second infection with a new
serotype, but it may occur with primary infection, especially in neonates born to seropos-
itive mothers [84]. Increased risk for severe dengue among maternal infections has also
been associated with prior Zika virus infection, age, comorbidities, viral load, and viral
strain of secondary infection [82].

Major gaps exist in the understanding of clinical implications during pregnancy
and birth outcomes of the respective neonate [78]. Existing studies have found evidence
suggesting that severe infections and the risk of medical intervention are higher among
pregnant women [78]. Severe hemorrhage, shock, emergency C-section, and thrombocy-
topenia requiring transfusion have been reported along with approximately three times
the risk of stillbirth and maternal mortality [68,85,88,89]. Risk of miscarriage, intrauterine
growth restriction, placental abruption, and low-birthweight infants have been frequently
reported [86–88].

The few studies from the literature surrounding congenital infection found, among
symptomatic pregnancies, increases in risk of neurological congenital defects up to 50%,
when maternal infection presented with symptoms, along with four times the risk for
central nervous system defects, which have been reported in population-based studies
from Brazil [19]. The rate of symptomatic infections among vertically infected neonates
is also not well understood and mainly relies on case reports: severe dengue, dengue
hemorrhagic fever, and dengue shock syndrome have all been reported [68,88]. Timing
of infection, particularly directly before delivery, and severity of maternal infection are
thought to be critical in maternal and neonatal outcomes [68,89].

Within symptomatic febrile onset, nucleic acid amplification tests (NAAT) and RT-PCR
are commonly used to identify infections. Serological diagnostics for targeting the NS1
noncoding protein antigens can further be employed after approximately day 5 of symp-
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tom onset [81,82]. However, these assays may be cross-reactive with other flaviviruses,
such as ZIKV. Subsequent infections in those previously positive for flaviviruses may
mount low IgM and elevated IgG response against various flaviviruses, making sero-
logic methods challenging [82]. PRNT tests provide more specific quantification of IgG
that may help combat false positives and distinguish between flaviviruses [82]. Diag-
nosis of congenital infections is performed using qRT-PCR when available or serologic
testing, following neonatal symptom presentation and confirmation of infection in the
mother [85,90,91]. Placental tissue and cord blood have also been used to detect cases of
vertical transmission [85].

Although the Dengvaxia DENV vaccine is available in many countries, safety has
not yet been evaluated for pregnant women, and no antivirals exist for specific DENV
treatment [81,82]. However, clinical intervention is necessary in severe cases to address
blood and fluid loss as well as multiorgan involvement. Supportive care can reduce
morbidity, as studies have reported nearly a 13% case fatality rate among severe dengue
patients [82].

The prevalence of dengue among pregnant women and the risk of vertical transmis-
sion during pregnancy is not well understood [78]. Infection is often asymptomatic, and
complications arising during pregnancy are not easily distinguished from other perinatal
conditions such as eclampsia and hemolysis-elevated liver enzymes and low platelet count
syndrome (HELLP) [68,78,91]. The rate of vertical transmission varies by study between
15% and 23%, to up to 90% in a case series of severely infected mothers during a large
outbreak [68,91]. No case reports or other studies regarding dengue virus in pregnancy
were found during this literature search for countries in Central America’s Northern Tri-
angle, including studies from the gray literature, highlighting the need for further studies
surrounding dengue in the peripartum period and vertical transmission in this highly
endemic world region.

3.5. Cytomegalovirus

Cytomegalovirus (CMV), or betaherpesvirus and human herpesvirus 5, is a globally
prevalent double-stranded DNA virus [92,93]. It is one of the nine herpesviruses that
circulate among human populations and is the most common congenital infection world-
wide [93–95]. Virions are composed of an approximately 235 kb linear genome, coding
for >160 gene products, making it the largest among herpesviruses [92,93,96]. A large
proportion of encoded genes play a critical role in host immune evasion, viral latency, and
extensive cellular tropism, enabling the pathogen to infect a broad range of cell types [96].
Viral encoding of many human inflammatory protein homologs suggests co-evolution of
the virus, which may contribute to its reach among humans and ability to widely persist in
the global population [96].

CMV is transmitted person to person when saliva from an infected person passes
through mucosal membranes, and it can also be transmitted sexually by blood transfusion,
transplant, and vertically through the placenta [97]. Seropositive persons may further
transmit the infection through other body fluids such as semen, breastmilk, urine, and
vaginal secretions. Both primary infection during pregnancy and non-primary infection,
reactivation of latent infection or infection with a new strain may result in congenital
infection [98]. Primary infections, particularly within the first and early second trimesters,
result more frequently in symptomatic congenital infections [92]. While reactivated CMV
transmission is uncommon, non-primary infection results in a higher burden of congenital
infection overall due to the high prevalence of CMV globally [10,97–99]. Transmission risk
to the developing fetus increases throughout the stages of pregnancy and is approximately
40% overall for primary infection [10]. Mechanisms of vertical transmission have not fully
been clarified, and they have been mostly investigated through human placental explants
and cell cultures [10].

In the absence of underlying comorbidities, 80% of primarily infected pregnant women
will show no symptoms [92]. Nearly 90% of infected neonates are subclinical at birth;
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however, 15% of asymptomatic, infected infants will later develop sensorineural hearing
loss, retinitis, and cognitive impairment [92,98]. The 10% of neonates symptomatic at the
time of birth develop disease manifestations including jaundice, “blueberry muffin” rash,
hepatosplenomegaly, petechiae, microcephaly, intrauterine growth restriction, retinitis,
and optic atrophy [92,93]. Sensorineural hearing loss is the hallmark of congenital CMV
and is the most common nongenetic cause of hearing loss [97]. Developmental disorders,
cognitive delay, and hearing and vision loss persist in up to 40% of infants symptomatic at
birth [92,93].

Detecting infection within the perinatal period is challenging due to the absence of
symptomatic infection and lack of maternal screening guidelines in most world regions.
Congenital infections are diagnosed based on the timing and presence of clinical suspicion.
Following abnormal ultrasound findings, PCR can be performed on amniotic fluid. In
neonates, classic symptoms and neonatal hearing abnormalities are present. PCR is typically
performed up to 3 weeks of life using saliva or urine [97,98].

Treatment of moderate to severe symptomatic, congenitally infected infants with
valganciclovir is recommended [93,100]. Since the 1970s, many attempts to create a CMV
vaccine have been undertaken with multiple, current Phase I and II clinical trials; however,
none have thus far been approved [93]. Serial screening before 14 weeks of pregnancy
is useful to identify primary infection in previously seronegative women. This method
has limited utility among those already seropositive [97]. Infection prevention mainly
relies on maternal education and improved hygiene practices among women with small
children, as 25% of infected infants shed the virus in saliva and urine for approximately
18 months [92,101]. Infection among pregnant women often occurs via contact with an
infected child <3 years of age in the family or via childcare [101]. Several studies show
that improved hygiene practices significantly reduced maternal infection in the presence of
infected infants at home in the United States and Europe [101].

Seroprevalence of CMV infection is globally variable, with estimates in some world
regions among women of reproductive age reaching as high as 95% [95]. In the WHO
Americas region, it is estimated that 79% of women of childbearing age are infected,
and 87% of Salvadoran women of childbearing age have latent infection [95]. Estimates
of seroprevalence of CMV among women of childbearing age and among the general
population were unavailable for Guatemala and Honduras. No studies from the gray
literature were obtained for these countries, as most research surrounding congenital
CMV were available only from Costa Rica and Nicaragua. Although there is no national
surveillance in El Salvador, limited studies have revealed that congenital transmission of
CMV is a public health issue in this country. One study at the national referent hospital
found 5 out of 41 (12.2%) infants with microcephaly presenting to the national referent
hospital were positive for CMV infection, and 3 were coinfected with both CMV and
toxoplasmosis [42].

3.6. Herpes Simplex Virus

Herpes simplex virus (HSV) is a double-stranded human herpesvirus affecting the
facial, oral, and genital areas [102]. Responsible for infection in up to 3% of pregnant
women globally, HSV is transmitted through direct contact with body fluids, lesions, or
secretions and induces lifelong infection in the host [103]. HSV-1 and HSV-2, the two major
subtypes globally circulating in humans, are approximately 40% homologous [102].

General transmission typically occurs through viral shedding from both asymptomatic
and symptomatically infected persons [102]. Viral DNA can be shed between 6 and
12 days of infection, reaching the trigeminal or lumbosacral ganglia, establishing latency
and persisting throughout life [102]. Immunomodulation and stress then trigger reac-
tivation, although genital HSV-2 reactivation episodes tend to lessen in frequency after
3 months post-primary infection [102]. Viral shedding is shorter among asymptomatic
persons, and between 0.4% and 1.4% of pregnant women shed the virus genitally at the
time of delivery [102]. Up to 90% of all primary and recurrent maternal infections present
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asymptomatically [102]. Generalized malaise and headache are most commonly displayed,
and about 50% will present with the hallmark prodrome along with localized pain and
itching at the site of the skin lesion [102].

First trimester infections can result in vertical transmission of HSV across the placenta;
however, this transmission mechanism is rare [104]. Transmission to the fetus can also occur
in utero in approximately 5% of cases [104]. The majority of neonatal infections are caused
when primary maternal infection occurs in the third trimester, close to labor/delivery and
before maternal IgG mounts sufficiently for fetal protection [105]. These 85% of neonatal
infections occur when HSV is shed in the genital tract and neonates are infected through
contact with the birth canal [102,104,106].

Congenital and neonatal infections can be severe if untreated, with an estimated case
fatality rate of 60% [106]. Congenital symptoms of HSV are similar to those of congenital
Zika syndrome with microcephaly, retinitis, and limb abnormalities [104]. Clinical manifes-
tations of neonatal infections may not develop until 3 weeks of life, which include central
nervous system abnormalities along with skin, eyes, and mouth disease (SEM) that occur
in nearly half of all symptomatic cases [106]. Encephalitis occurs in about one-third of
symptomatic infections, and multiorgan disseminated disease occurs in about one-quarter
of neonatal infections [104].

Clinical suspicion of HSV depends primarily on the presence of skin lesions on the
face or genital tract, or through hallmark symptoms of neonatal disease. Due to cross-
reactivity between the viruses, viral culture is the gold standard for HSV diagnosis; however,
immunofluorescence and PCR are also used [102]. Serologic methods may be employed
but do not differentiate between subtypes. Acyclovir can be used in pregnancy to prevent
congenital and neonatal infection and may also be given in neonatal infections for up to
6 months of life to improve neurologic sequelae [104].

The global neonatal herpes risk is rare, occurring in every 1 out of 3000 to
20,000 live births globally. Most cases are attributed to HSV-2 infection [104]. Up to
30% of pregnant women are seropositive for HSV, and nearly one-tenth of women seronega-
tive for both subtypes have seropositive sexual partners, leading to a seroconversion risk of
3.7% during pregnancy [102,105]. For those seronegative to HSV-2, there is a 2% chance of
seroconversion during pregnancy [105]. However, transmission risk varies greatly between
countries based on the number of sexual partners, socioeconomic status, education, contra-
ceptive use, and other sexually transmitted coinfections [102]. However, one recent study
estimated that the WHO Region of the Americas has the highest overall rate of neonatal
herpes with 19.9 of 100,000 live births, and HSV-1 is thought to cause more cases of neona-
tal infection in this region [106]. Due to the presumed rarity of neonatal herpes infection,
zero studies from the scientific or gray literature addressed congenital and neonatal HSV
infection in Central America’s Northern Triangle.

4. Conclusions

The WHO region of the Americas became the first to eliminate rubella virus and
congenital rubella syndrome as a public health problem in 2015. The remaining TORCH
infections of public health concern in Central America have no available vaccines and
limited preventive treatment to reduce the risk of maternal passage to the fetus or neonate.
Maternal and neonatal screening programs for TORCH infections vary by country and are
particularly difficult to standardize and employ across low-resource settings.

In addition to the challenges in capacity to monitor and screen women for these
infections, Central American women are a uniquely vulnerable population, particularly
those of low socioeconomic status, indigenous women, and those living in rural areas [107].
Central Americans are the second largest Latin American immigrant group in the United
States [108]. Drivers of the high degree of migration out of this world region includ-
ing sociopolitical conditions, poverty, violence, women’s personal agency and opportu-
nity further contribute to the health status of women in this region [109]. Honduras has
the highest rate of femicide among countries in Latin America and the Caribbean with
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4.6 cases per 100,000 women, and El Salvador has the third highest rate with 2.7 cases
per 100,000 women [110]. The unique circumstances among women in Central America’s
Northern Triangle, combined with climatic and ecological conditions, and differentially
circulating pathogen strains, warrant further research of TORCH infections in this region.
The novelty of this manuscript is that we present information from the gray literature—an
often overlooked, but valuable resource, in regions that culturally do not publish in the
scientific literature often due to lack of financial or administrative resources. While not
officially peer-reviewed, such studies are a leading source of information in these countries.
All of the cited gray literature originates from scholarly theses published under the local
university library system and may add value to the limited knowledge of TORCH infections
in this region.

In order to reduce the often-lifelong morbidity of TORCH-affected children, as well as
the mortality of pregnant women and neonates, future studies are necessary to inform clini-
cal guidelines and to improve maternal child health in Central America’s Northern Triangle.
United States-based obstetric–gynecologic and family medicine physicians within the
maternal–child health space may benefit from a clarified understanding of these infections
among the largest immigrant populations to inform patient care from diverse backgrounds.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/microorganisms11020257/s1.

Author Contributions: Conceptualization, M.S.N. and M.K.L.; methodology, M.S.N. and M.K.L.;
investigation, M.K.L.; data curation, M.K.L.; writing—original draft preparation, M.K.L.; writ-
ing—review and editing, M.S.N., M.K., S.C.W.S., B.A.C. and M.S.R.A.; supervision, M.S.N., M.K.,
S.C.W.S., B.A.C. and M.S.R.A.; funding acquisition, M.S.N. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The data contained in this manuscript are available upon request.

Acknowledgments: The authors of this manuscript would like to thank the administration of the
University of El Salvador Repository, University of San Carolos de Guatemala Repository and
Repositorio Centroamericano SIIDCA-CSUCA for making the above-mentioned professional degree
theses available for use in this review.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. McCoshen, M. Barriers to Sexual and Reproductive Health Care Access in Central America with a Focus on Modern Contraception.

Master’s Thesis, Augsburg University, Minneapolis, MN, USA, 2019.
2. Paulson, K.R.; Kamath, A.M.; Alam, T.; Bienhoff, K.; Abady, G.G.; Abbas, J.; Abbasi-Kangevari, M.; Abbastabar, H.; Abd-Allah, F.;

Abd-Elsalam, S.M. Global, regional, and national progress towards Sustainable Development Goal 3.2 for neonatal and child
health: All-cause and cause-specific mortality findings from the Global Burden of Disease Study 2019. Lancet 2021, 398, 870–905.

3. Ortiz, D.I.; Piche-Ovares, M.; Romero-Vega, L.M.; Wagman, J.; Troyo, A. The Impact of Deforestation, Urbanization, and Changing
Land Use Patterns on the Ecology of Mosquito and Tick-Borne Diseases in Central America. Insects 2021, 13, 20. [CrossRef]
[PubMed]

4. Alarcón, J.A.-O.; Perico, M.A.-O. [The impact of poverty and violence against women’s reproductive health and rights in El
Salvador]. Cad Saude Publica 2020, 6, e00039119. [CrossRef] [PubMed]

5. Wenham, C.; Abagaro, C.; Arévalo, A.; Coast, E.; Corrêa, S.; Cuéllar, K.; Leone, T.; Valongueiro, S. Analysing the intersection
between health emergencies and abortion during Zika in Brazil, El Salvador and Colombia. Soc. Sci. Med. 2021, 270, 113671.
[CrossRef] [PubMed]

6. MINSAL. Ley Nacer con Cariño para un Parto Respetado y Cuidado Cariñoso y Sensible para el Recién Nacido; El Salvador Asamblea
Legislativa: San Salvador, El Salvador, 2021; Volume 17, p. 15.

7. Liang, B.; Guida, J.P.; Costa, M.L.; Mysorekar, I.U. Host and viral mechanisms of congenital Zika syndrome. Virulence 2019,
10, 768–775. [CrossRef] [PubMed]

8. Jaan, A.; Rajnik, M. Torch complex. In StatPearls; StatPearls Publishing: Tampa, FL, USA, 2022.

https://www.mdpi.com/article/10.3390/microorganisms11020257/s1
https://www.mdpi.com/article/10.3390/microorganisms11020257/s1
http://doi.org/10.3390/insects13010020
http://www.ncbi.nlm.nih.gov/pubmed/35055864
http://doi.org/10.1590/0102-311x00039119
http://www.ncbi.nlm.nih.gov/pubmed/32267399
http://doi.org/10.1016/j.socscimed.2021.113671
http://www.ncbi.nlm.nih.gov/pubmed/33486425
http://doi.org/10.1080/21505594.2019.1656503
http://www.ncbi.nlm.nih.gov/pubmed/31451049


Microorganisms 2023, 11, 257 14 of 18

9. Warnecke, J.; Pollmann, M.; Borchardt-Lohölter, V.; Moreira-Soto, A.; Kaya, S.; Sener, A.G.; Gómez-Guzmán, E.; Figueroa-
Hernández, L.; Li, W.; Li, F. Seroprevalences of antibodies against ToRCH infectious pathogens in women of childbearing age
residing in Brazil, Mexico, Germany, Poland, Turkey and China. Epidemiol. Infect. 2020, 148, E271. [CrossRef] [PubMed]

10. Megli, C.J.; Coyne, C.B. Infections at the maternal–fetal interface: An overview of pathogenesis and defence. Nat. Rev. Microbiol.
2022, 20, 67–82.

11. Ambou Frutos, I.; Lastra Pérez, L.; Vilches Lescaille, D.; Osorio Illas, L.; Ramos López, M.; Rodríguez Ahuar, N. Manifestaciones
clínicas asociadas al síndrome de TORCH. Rev. Cuba. Oftalmol. 2018, 31, 132–144.

12. Antoniou, E.; Orovou, E.; Sarella, A.; Iliadou, M.; Rigas, N.; Palaska, E.; Iatrakis, G.; Dagla, M. Zika virus and the risk of
developing microcephaly in infants: A systematic review. Int. J. Environ. Res. Public Health 2020, 17, 3806. [CrossRef] [PubMed]

13. Neu, N.; Duchon, J.; Zachariah, P. TORCH infections. Clin. Perinatol. 2015, 42, 77–103. [CrossRef]
14. PAHO. WHO Director-General Congratulates the Americas for Eliminating Rubella and Congenital Rubella Syndrome; Pan American

Health Organization: Washington, DC, USA, 2015.
15. PAHO. Number of Vaccine Preventable Disease (VPD) Cases in the Americas; Pan American Health Organization: Washington, DC,

USA, 2022.
16. UN. 2030 Agenda for Sustainable Development; United Nations: Geneva, Switzerland, 2022.
17. Cardoso-dos-Santos, A.C.; Magalhães, V.S.; Medeiros-de-Souza, A.C.; Bremm, J.M.; Alves, R.F.S.; de Araujo, V.E.M.; Macario,

E.M.; Oliveira, W.K.d.; de França, G.V.A. International collaboration networks for the surveillance of congenital anomalies: A
narrative review. Epidemiol. Serviços Saúde 2020, 29, e2020093.

18. Attias, M.; Teixeira, D.E.; Benchimol, M.; Vommaro, R.C.; Crepaldi, P.H.; De Souza, W. The life-cycle of Toxoplasma gondii
reviewed using animations. Parasites Vectors 2020, 13, 588. [CrossRef] [PubMed]

19. Paixão, E.S.; Teixeira, M.G.; Costa, M.d.C.N.; Barreto, M.L.; Rodrigues, L.C. Symptomatic Dengue during Pregnancy and
Congenital Neurologic Malformations. Emerg. Infect. Dis. 2018, 24, 1748–1750. [CrossRef] [PubMed]

20. Maldonado, Y.A.; Read, J.S.; Byington, C.L.; Barnett, E.D.; Davies, H.; Edwards, K.M.; Lynfield, R.; Munoz, F.M.; Nolt, D.; Nyquist,
A.-C. Diagnosis, treatment, and prevention of congenital toxoplasmosis in the United States. Pediatrics 2017, 139, e20163860.
[CrossRef]

21. Dubey, J.; Murata, F.; Cerqueira-Cézar, C.; Kwok, O.; Villena, I. Congenital toxoplasmosis in humans: An update of worldwide
rate of congenital infections. Parasitology 2021, 148, 1406–1416. [CrossRef]

22. Rostami, A.; Riahi, S.; Gamble, H.; Fakhri, Y.; Shiadeh, M.N.; Danesh, M.; Behniafar, H.; Paktinat, S.; Foroutan, M.; Mokdad, A.
Global prevalence of latent toxoplasmosis in pregnant women: A systematic review and meta-analysis. Clin. Microbiol. Infect.
2020, 26, 673–683. [CrossRef]

23. Kota, A.S.; Shabbir, N. Congenital Toxoplasmosis. In StatPearls; StatPearls Publishing: Tampa, FL, USA, 2019.
24. Rajendran, C.; Su, C.; Dubey, J.P. Molecular genotyping of Toxoplasma gondii from Central and South America revealed high

diversity within and between populations. Infect. Genet. Evol. 2012, 12, 359–368. [CrossRef]
25. Zhang, Y.; Lai, B.S.; Juhas, M.; Zhang, Y. Toxoplasma gondii secretory proteins and their role in invasion and pathogenesis.

Microbiol. Res. 2019, 227, 126293. [CrossRef]
26. Shwab, E.K.; Zhu, X.-Q.; Majumdar, D.; Pena, H.F.; Gennari, S.M.; Dubey, J.P.; Su, C. Geographical patterns of Toxoplasma gondii

genetic diversity revealed by multilocus PCR-RFLP genotyping. Parasitology 2014, 141, 453–461. [CrossRef] [PubMed]
27. Rajapakse, S.; Weeratunga, P.; Rodrigo, C.; de Silva, N.L.; Fernando, S.D. Prophylaxis of human toxoplasmosis: A systematic

review. Pathog. Glob. Health 2017, 111, 333–342. [CrossRef] [PubMed]
28. Ander, S.E.; Rudzki, E.N.; Arora, N.; Sadovsky, Y.; Coyne, C.B.; Boyle, J.P. Human placental syncytiotrophoblasts restrict

Toxoplasma gondii attachment and replication and respond to infection by producing immunomodulatory chemokines. mBio
2018, 9, e01678-17. [CrossRef] [PubMed]

29. Gómez-Chávez, F.; Cañedo-Solares, I.; Ortiz-Alegría, L.B.; Flores-García, Y.; Figueroa-Damián, R.; Luna-Pastén, H.; Gómez-
Toscano, V.; López-Candiani, C.; Arce-Estrada, G.E.; Bonilla-Ríos, C.A. A proinflammatory immune response might determine
Toxoplasma gondii vertical transmission and severity of clinical features in congenitally infected newborns. Front. Immunol. 2020,
11, 390. [CrossRef]

30. Ahmed, M.; Sood, A.; Gupta, J. Toxoplasmosis in pregnancy. Eur. J. Obstet. Gynecol. Reprod. Biol. 2020, 255, 44–50. [CrossRef]
[PubMed]

31. Bigna, J.J.; Tochie, J.N.; Tounouga, D.N.; Bekolo, A.O.; Ymele, N.S.; Youda, E.L.; Sime, P.S.; Nansseu, J.R. Global, regional, and
country seroprevalence of Toxoplasma gondii in pregnant women: A systematic review, modelling and meta-analysis. Sci. Rep.
2020, 10, 12102. [CrossRef]

32. Chaudhry, S.A.; Gad, N.; Koren, G. Toxoplasmosis and pregnancy. Can. Fam. Physician 2014, 60, 334–336. [PubMed]
33. Rostami, A.; Riahi, S.M.; Contopoulos-Ioannidis, D.G.; Gamble, H.R.; Fakhri, Y.; Shiadeh, M.N.; Foroutan, M.; Behniafar, H.;

Taghipour, A.; Maldonado, Y.A.; et al. Acute Toxoplasma infection in pregnant women worldwide: A systematic review and
meta-analysis. PLoS Negl. Trop. Dis. 2019, 13, e0007807. [CrossRef]

34. El Bissati, K.; Levigne, P.; Lykins, J.; Adlaoui, E.B.; Barkat, A.; Berraho, A.; Laboudi, M.; El Mansouri, B.; Ibrahimi, A.; Rhajaoui, M.
Global initiative for congenital toxoplasmosis: An observational and international comparative clinical analysis. Emerg. Microbes
Infect. 2018, 7, 165. [CrossRef] [PubMed]

http://doi.org/10.1017/S0950268820002629
http://www.ncbi.nlm.nih.gov/pubmed/33124529
http://doi.org/10.3390/ijerph17113806
http://www.ncbi.nlm.nih.gov/pubmed/32471131
http://doi.org/10.1016/j.clp.2014.11.001
http://doi.org/10.1186/s13071-020-04445-z
http://www.ncbi.nlm.nih.gov/pubmed/33228743
http://doi.org/10.3201/eid2409.170361
http://www.ncbi.nlm.nih.gov/pubmed/30124410
http://doi.org/10.1542/peds.2016-3860
http://doi.org/10.1017/S0031182021001013
http://doi.org/10.1016/j.cmi.2020.01.008
http://doi.org/10.1016/j.meegid.2011.12.010
http://doi.org/10.1016/j.micres.2019.06.003
http://doi.org/10.1017/S0031182013001844
http://www.ncbi.nlm.nih.gov/pubmed/24477076
http://doi.org/10.1080/20477724.2017.1370528
http://www.ncbi.nlm.nih.gov/pubmed/28948861
http://doi.org/10.1128/mBio.01678-17
http://www.ncbi.nlm.nih.gov/pubmed/29317509
http://doi.org/10.3389/fimmu.2020.00390
http://doi.org/10.1016/j.ejogrb.2020.10.003
http://www.ncbi.nlm.nih.gov/pubmed/33075679
http://doi.org/10.1038/s41598-020-69078-9
http://www.ncbi.nlm.nih.gov/pubmed/24733322
http://doi.org/10.1371/journal.pntd.0007807
http://doi.org/10.1038/s41426-018-0164-4
http://www.ncbi.nlm.nih.gov/pubmed/30262847


Microorganisms 2023, 11, 257 15 of 18

35. Binquet, C.; Lejeune, C.; Seror, V.; Peyron, F.; Bertaux, A.-C.; Scemama, O.; Quantin, C.; Béjean, S.; Stillwaggon, E.; Wallon, M. The
cost-effectiveness of neonatal versus prenatal screening for congenital toxoplasmosis. PloS ONE 2019, 14, e0221709. [CrossRef]

36. Abril Kirste, H.R. Determinación De La Presencia De Igm, De Toxoplasma Gondii, en Dos Grupos De Mujeres Con Y Sin Tenencia De
Gatos, en El Municipio De San Juan Sacatepéquez, Mediante La Prueba De Quimio-luminiscencia; Repositorio Universidad de San
Carlos de Guatemala: Ciudad de Guatemala, Guatemala, 2015.

37. Estrada Sanchez, A.; Lemus Arias, G.; Portillo Valdez, D. Determinación Serológica De Anticuerpos Igg Contra Toxoplasma Gondii
en Muejrs De Edad Fértil De 15–45 años Que Habitan en Varias Comunidades Del Departamento De Zacapa De Febrero a Julio Del Año
2011; Universidad de San Carlos de Guatemala, Repositorio Universidad de San Carlos de Guatemala: Ciudad de Guatemala,
Guatemala, 2012.

38. Aresti Alvarado, M.; Guerra Carías, E.; Pensamiento López, J. Tamizaje Neonatal De Toxoplasmosis Congénita. Estudio Piloto;
Universidad de San Carlos de Guatemala, Repositorio Universidad de San Carlos de Guatemala: Ciudad de Guatemala,
Guatemala, 2013.

39. Ruiz Flores, A.I. Factores De Riesgo Asociados a Toxoplasmosis en Mujeres Embarazadas Atendidas en La Unidad De Control
Prenatal Del Centro De Salud Luis Lazo, Ciudad De El Paraíso, Honduras, Primer Trimestre 2013. Master’s Thesis, Universidad
Nacional Autonoma de Nicaragua, Nueva Segovia, Nicaragua, 2013.

40. Pérez Mata, E.; González González, V.; Romero Medrano, P. Determinación De La Presencia De Inmunoglobulinas Igg E Igm en
Infección Por Toxoplasma Gondii en Mujeres De 15 a 45 años Que Con-sultan La Unidad De Salud De Concepción Batres Departamento
De Usulután, Periodo De Agosto a Septiembre De 2012; Universidad de El Salvador, Universidad de El Salvador Sitema Bibliote-
cario: San Salvador, El Salvador, 2012.

41. Guevara Diaz, I.; Navarrete Chavez, M.; Lazo Cruz, J. Detección De Anticuerpos Anti Toxoplasma Gondii De Tipo Igm, en Hemocom-
ponentes Provenientes De Donantes Mujeres en El Área De Banco De Sangre Del Hospital Nacional San Juan De Dios De San Miguel.
Periodo: Agosto Y Septiembre De 2013; Universidad de El Salvador, Universidad de El Salvador Sistema Biblioteario Reposi-
torio: San Salvador, El Salvador, 2013.

42. Silva Garcia, R.C.; Rosales, W.; Martinez Romero, L. Perfil Clinico Y Epidemiológico De Lactantes Menores O Igual a 1 año Con
Microcefalia Que Son Evaluados en La Consulta Externa De Neurología Del Hospital Nacional De Niños Benjamín Bloom De Enero De 2015
a Diciembre De 2016; Posgrado de especialidades medicas, Universidad de El Salvador: San Salvador, El Salvador, 2018.

43. Rivas, H. Reportan muerte de niño por toxoplasmosis. Prensa. 2019. Available online: https://www.pressreader.com/el-
salvador/la-prensa-grafica/20190507/282389810915466 (accessed on 10 October 2021).

44. Kemmerling, U.; Osuna, A.; Schijman, A.G.; Truyens, C. Congenital Transmission of Trypanosoma cruzi: A review about the
interactions between the parasite, the placenta, the maternal and the fetal/neonatal immune responses. Front. Microbiol. 2019,
10, 1854. [CrossRef] [PubMed]

45. Bern, C.; Messenger, L.A.; Whitman, J.D.; Maguire, J.H. Chagas disease in the United States: A public health approach. Clin.
Microbiol. Rev. 2019, 33, e00023-19. [CrossRef] [PubMed]

46. Rios, L.; Campos, E.E.; Menon, R.; Zago, M.P.; Garg, N.J. Epidemiology and pathogenesis of maternal-fetal transmission of
Trypanosoma cruzi and a case for vaccine development against congenital Chagas disease. Biochim. Biophys. Acta Mol. Basis Dis.
2020, 1866, 165591. [CrossRef]

47. Zingales, B. Trypanosoma cruzi genetic diversity: Something new for something known about Chagas disease manifestations,
serodiagnosis and drug sensitivity. Acta Trop. 2018, 184, 38–52. [CrossRef] [PubMed]

48. Callejas-Hernández, F.; Gironès, N.; Fresno, M. Genome sequence of Trypanosoma cruzi strain Bug2148. Genome Announc. 2018,
6, e01497-17. [CrossRef] [PubMed]

49. Reis-Cunha, J.L.; Rodrigues-Luiz, G.F.; Valdivia, H.O.; Baptista, R.P.; Mendes, T.A.; de Morais, G.L.; Guedes, R.; Macedo,
A.M.; Bern, C.; Gilman, R.H. Chromosomal copy number variation reveals differential levels of genomic plasticity in distinct
Trypanosoma cruzi strains. BMC Genom. 2015, 16, 499. [CrossRef]

50. Carlier, Y.; Truyens, C. Congenital Chagas disease as an ecological model of interactions between Trypanosoma cruzi parasites,
pregnant women, placenta and fetuses. Acta Tropica 2015, 151, 103–115. [CrossRef] [PubMed]

51. Castillo, C.; Carrillo, I.; Libisch, G.; Juiz, N.; Schijman, A.; Robello, C.; Kemmerling, U. Host-parasite interaction: Changes in
human placental gene expression induced by Trypanosoma cruzi. Parasites Vectors 2018, 11, 479. [CrossRef] [PubMed]

52. Bustos, P.L.; Milduberger, N.; Volta, B.J.; Perrone, A.E.; Laucella, S.A.; 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.
Microbiol. 2019, 10, 1250. [CrossRef]

53. Stillwaggon, E.; Perez-Zetune, V.; Bialek, S.R.; Montgomery, S.P. Congenital Chagas disease in the United States: Cost savings
through maternal screening. Am. J. Trop. Med. Hyg. 2018, 98, 1733. [CrossRef]

54. Sasagawa, E.; Aiga, H.; Soriano, E.Y.C.; Marroquín, B.L.C.; Ramírez, M.A.H.; de Aguilar, A.V.G.; Chévez, J.E.R.; Hernández,
H.M.R.; Cedillos, R.A.; Misago, C. Mother-to-child transmission of chagas disease in El Salvador. Am. J. Trop. Med. Hyg. 2015,
93, 326–333. [CrossRef] [PubMed]

55. Irish, A.; Whitman, J.D.; Clark, E.H.; Marcus, R.; Bern, C. Updated Estimates and Mapping for Prevalence of Chagas Disease
among Adults, United States. Emerg. Infect. Dis. 2022, 28, 1313. [CrossRef]

http://doi.org/10.1371/journal.pone.0221709
https://www.pressreader.com/el-salvador/la-prensa-grafica/20190507/282389810915466
https://www.pressreader.com/el-salvador/la-prensa-grafica/20190507/282389810915466
http://doi.org/10.3389/fmicb.2019.01854
http://www.ncbi.nlm.nih.gov/pubmed/31474955
http://doi.org/10.1128/CMR.00023-19
http://www.ncbi.nlm.nih.gov/pubmed/31776135
http://doi.org/10.1016/j.bbadis.2019.165591
http://doi.org/10.1016/j.actatropica.2017.09.017
http://www.ncbi.nlm.nih.gov/pubmed/28941731
http://doi.org/10.1128/genomeA.01497-17
http://www.ncbi.nlm.nih.gov/pubmed/29348355
http://doi.org/10.1186/s12864-015-1680-4
http://doi.org/10.1016/j.actatropica.2015.07.016
http://www.ncbi.nlm.nih.gov/pubmed/26293886
http://doi.org/10.1186/s13071-018-2988-0
http://www.ncbi.nlm.nih.gov/pubmed/30143027
http://doi.org/10.3389/fmicb.2019.01250
http://doi.org/10.4269/ajtmh.17-0818
http://doi.org/10.4269/ajtmh.14-0425
http://www.ncbi.nlm.nih.gov/pubmed/26123959
http://doi.org/10.3201/eid2807.212221


Microorganisms 2023, 11, 257 16 of 18

56. Buekens, P.; Cafferata, M.L.; Alger, J.; Althabe, F.; Belizán, J.M.; Bustamante, N.; Carlier, Y.; Ciganda, A.; Del Cid, J.H.; Dumonteil,
E. Congenital transmission of Trypanosoma cruzi in Argentina, Honduras, and Mexico: An observational prospective study. Am.
J. Trop. Med. Hyg. 2018, 98, 478–485. [CrossRef] [PubMed]

57. Peterson, J.K.; Yoshioka, K.; Hashimoto, K.; Caranci, A.; Gottdenker, N.; Monroy, C.; Saldaña, A.; Rodriguez, S.; Dorn, P.; Zúniga,
C. Chagas Disease Epidemiology in Central America: An Update. Curr. Trop. Med. Rep. 2019, 6, 92–105. [CrossRef]

58. Ramírez Gómez, A.; Florez Aquino, E. Determinación de la frecuencia de la enfermedad de Chagas en mujeres en edad fértil, en dos aldeas
del municipio de San Pedro Pinula, Jalapa, Guatemala; Universidad De San Carlos De Guatemala, Repositorio Universidad de San
Carlos Guatemala: Ciudad de Guatemala, Guatemala, 2014.

59. Juarez, J.G.; Pennington, P.M.; Bryan, J.P.; Klein, R.E.; Beard, C.B.; Berganza, E.; Rizzo, N.; Cordon-Rosales, C. A decade of vector
control activities: Progress and limitations of Chagas disease prevention in a region of Guatemala with persistent Triatoma
dimidiata infestation. PLoS Negl. Trop. Dis. 2018, 12, e0006896. [CrossRef]

60. Alonzo Solano, J.; López Sigüenza, M. Prevalencia De La Enfermedad De Chagas en Mujeres en Edad Fértil en La Aldea Las Palmas De
Olopa, Chiquimula; Universidad de San Carlos de Guatemala Repositorio Universidad de San Carlos de Guatemala: Ciudad de
Guatemala, Guatemala, 2020.

61. Valladares Herrera, C. Seroprevalencia De Infección Por Trypanosoma Cruzi en Mujeres Embarazadas en 12 Departa-mentos De Honduras,
2013–2015; Universidad Nacional Autónoma De Nicaragua: Nueva Segovia, Nicaragua, 2015.

62. Romero, L.; Arita, I.; Martínez, A.; Alas, C. Enfermedad de Chagas Congénito: Presentación de caso clínico. Acta Pediátrica
Hondureña 2019, 10, 1006–1010. [CrossRef]

63. Pérez Mata, B.; Franco Márquez, V.; Flores Moreno, I. Incidencia De La Enfermedad De Chagas en Mujeres Embarazadas De 10 a 49 años
De Las Unidades Comunitarias De Salud Familiar: Ciudad Barrios (San Miguel), Chilanga (Morazán) Y Cantón El Piche (La Unión) en El
Periodo De Sep-tiembre a Noviembre De 2012; Universidad de El Salvador, Repositorio Universidad de El Salvador: San Salvador, El
Salvador, 2013.

64. Ventura Urbino, F.; Caledonio Blanco, E.; Arya Bonilla, D. Enfermedad De Chagas en Mujeres en El Tercer Trimestre De Gestacion
Y Su Transmision Transplacentaria, Que Asisten Al Control Prenatal De La Unidad Comunitaria De Salud Familiar De Conchagua Del
Departamento De La Union Periodo De Julio—Agosto 2012; Universidad de El Salvador, Repositorio Universidad de El Salvador: San
Salvador, El Salvador, 2012.

65. MINSAL. El Salvador Asamblea Legislativa. Lineamientos Técnicos Para La Atención De La Mujer en El Período Preconcepcional, Prenatal,
Parto, Puerperio Y Al Recién Nacido. Servicios en Ssr Para Atención De Emergencias O Desastres; El Salvador Asamblea Legis-
lativa: San Salvador, El Salvador, 2021.

66. Hui, Y.; Wu, Z.; Qin, Z.; Zhu, L.; Liang, J.; Li, X.; Fu, H.; Feng, S.; Yu, J.; He, X. Micro-droplet digital polymerase chain reaction
and real-time quantitative polymerase chain reaction technologies provide highly sensitive and accurate detection of Zika Virus.
Virol. Sin. 2018, 33, 270–277. [CrossRef]

67. Moore, C.A.; Staples, J.E.; Dobyns, W.B.; Pessoa, A.; Ventura, C.V.; da Fonseca, E.B.; Ribeiro, E.M.; Ventura, L.O.; Neto, N.N.;
Arena, J.F. Congenital zika syndrome: Characterizing the pattern of anomalies for pediatric healthcare providers. JAMA Pediatr.
2017, 171, 288. [CrossRef]

68. Vouga, M.; Chiu, Y.-C.; Pomar, L.; de Meyer, S.V.; Masmejan, S.; Genton, B.; Musso, D.; Baud, D.; Stojanov, M. Dengue, Zika and
chikungunya during pregnancy: Pre-and post-travel advice and clinical management. J. Travel Med. 2019, 26, taz077. [CrossRef]

69. Ades, A.; Thorne, C.; Soriano-Arandes, A.; Peckham, C.S.; Brown, D.W.; Lang, D.; Morris, J.G.; Christie, C.D.; Giaquinto, C.
Researching Zika in pregnancy: Lessons for global preparedness. Lancet Infect. Dis. 2020, 20, e61–e68. [CrossRef]

70. Reynolds, C.J.; Watber, P.; Santos, C.N.O.; Ribeiro, D.R.; Alves, J.C.; Fonseca, A.B.; Bispo, A.J.; Porto, R.L.; Bokea, K.; De Jesus,
A.M.R. Strong CD4 T cell responses to Zika virus antigens in a cohort of dengue virus immune mothers of congenital zika virus
syndrome infants. Front. Immunol. 2020, 11, 185. [CrossRef]

71. Plourde, A.R.; Bloch, E.M. A literature review of Zika virus. Emerg. Infect. Dis. 2016, 22, 1185. [CrossRef]
72. Steele, R.W. Zika virus: An explosive pandemic and a new TORCH agent. Clin. Pediatr. 2016, 55, 698–700. [CrossRef] [PubMed]
73. Johansson, M.A.; Mier-y-Teran-Romero, L.; Reefhuis, J.; Gilboa, S.M.; Hills, S.L. Zika and the risk of microcephaly. N. Engl. J. Med.

2016, 375, 1–4. [CrossRef] [PubMed]
74. Ortoni, G.E.; Rocha, A.S.; Veríssimo, T.C.R.A.; Moreira, M.I.C.; Ribeiro, M.F.M.; Prudente, C.O.M. Factors related to the quality of

life of mothers of children with Congenital Zika Virus Syndrome. Rev. Gaúcha Enferm. 2022, 43, e20200374. [CrossRef] [PubMed]
75. PAHO. Zika cases and congenital syndrome associated with Zika virus reported by countries and territories in the Americas,

2015–2018: Cumulative Cases; PAHO: Washington, DC, USA, 2018.
76. PAHO. Cases of Zika Virus Disease by Country or Territory Cumulative Cases; Pan American Health Organization: Washington, DC,

USA, 2022.
77. Ikejezie, J.; Shapiro, C.N.; Kim, J.; Chiu, M.; Almiron, M.; Ugarte, C.; Espinal, M.A.; Aldighieri, S. Zika virus transmission—Region

of the Americas, May 15, 2015–December 15, 2016. Morb. Mortal. Wkly. Rep. 2017, 66, 329. [CrossRef]
78. Paixao, E.S.; Harron, K.; Campbell, O.; Teixeira, M.G.; Costa, M.d.C.N.; Barreto, M.L.; Rodrigues, L.C. Dengue in pregnancy and

maternal mortality: A cohort analysis using routine data. Sci. Rep. 2018, 8, 1–6. [CrossRef]
79. Hasan, S.; Jamdar, S.F.; Alalowi, M.; Al Beaiji, S.M.A.A. Dengue virus: A global human threat: Review of literature. J. Int. Soc.

Prev. Community Dent. 2016, 6, 1. [CrossRef] [PubMed]

http://doi.org/10.4269/ajtmh.17-0516
http://www.ncbi.nlm.nih.gov/pubmed/29210352
http://doi.org/10.1007/s40475-019-00176-z
http://doi.org/10.1371/journal.pntd.0006896
http://doi.org/10.5377/pediatrica.v10i1.9122
http://doi.org/10.1007/s12250-018-0037-y
http://doi.org/10.1001/jamapediatrics.2016.3982
http://doi.org/10.1093/jtm/taz077
http://doi.org/10.1016/S1473-3099(20)30021-9
http://doi.org/10.3389/fimmu.2020.00185
http://doi.org/10.3201/eid2207.151990
http://doi.org/10.1177/0009922816638660
http://www.ncbi.nlm.nih.gov/pubmed/27000068
http://doi.org/10.1056/NEJMp1605367
http://www.ncbi.nlm.nih.gov/pubmed/27222919
http://doi.org/10.1590/1983-1447.2022.20200374.en
http://www.ncbi.nlm.nih.gov/pubmed/35613228
http://doi.org/10.15585/mmwr.mm6612a4
http://doi.org/10.1038/s41598-018-28387-w
http://doi.org/10.4103/2231-0762.175416
http://www.ncbi.nlm.nih.gov/pubmed/27011925


Microorganisms 2023, 11, 257 17 of 18

80. Machain-Williams, C.; Raga, E.; Baak-Baak, C.M.; Kiem, S.; Blitvich, B.J.; Ramos, C. Maternal, fetal, and neonatal outcomes in
pregnant dengue patients in Mexico. BioMed Res. Int. 2018, 2018, 9643083. [CrossRef]

81. WHO. Dengue vaccine: WHO position paper–September 2018–Note de synthèse de l’OMS sur le vaccin contre la dengue–
septembre 2018. Wkly. Epidemiol. Rec. Relev. Épidémiol. Hebd. 2018, 93, 457–476.

82. Paz-Bailey, G.; Adams, L.; Wong, J.M.; Poehling, K.A.; Chen, W.H.; McNally, V.; Atmar, R.L.; Waterman, S.H. Dengue
vaccine: Recommendations of the advisory committee on immunization practices, United States, 2021. MMWR Recomm.
Rep. 2021, 70, 1. [CrossRef]

83. Joyce, A.L.; Alvarez, F.S.; Hernandez, E. Forest Coverage and Socioeconomic Factors Associated with Dengue in El Salvador,
2011–2013. Vector-Borne Zoonotic Dis. 2021, 21, 602–613. [CrossRef] [PubMed]

84. Bhatt, P.; Sabeena, S.P.; Varma, M.; Arunkumar, G. Current understanding of the pathogenesis of dengue virus infection. Curr.
Microbiol. 2021, 78, 17–32. [CrossRef] [PubMed]

85. Arragain, L.; Dupont-Rouzeyrol, M.; O’Connor, O.; Sigur, N.; Grangeon, J.-P.; Huguon, E.; Dechanet, C.; Cazorla, C.; Gourinat,
A.-C.; Descloux, E. Vertical transmission of dengue virus in the peripartum period and viral kinetics in newborns and breast
milk: New data. J. Pediatr. Infect. Dis. Soc. 2017, 6, 324–331. [CrossRef] [PubMed]

86. Basurko, C.; Everhard, S.; Matheus, S.; Restrepo, M.; Hildéral, H.; Lambert, V.; Boukhari, R.; Duvernois, J.-P.; Favre, A.; Valmy, L.
A prospective matched study on symptomatic dengue in pregnancy. PLoS ONE 2018, 13, e0202005. [CrossRef]

87. Paixão, E.S.; Teixeira, M.G.; Maria da Conceição, N.C.; Rodrigues, L.C. Dengue during pregnancy and adverse fetal outcomes: A
systematic review and meta-analysis. Lancet Infect. Dis. 2016, 16, 857–865. [CrossRef] [PubMed]

88. Ribeiro, C.F.; Lopes, V.G.S.; Brasil, P.; Coelho, J.; Muniz, A.G.; Nogueira, R.M.R. Perinatal transmission of dengue: A report of
7 cases. J. Pediatr. 2013, 163, 1514–1516. [CrossRef]

89. Nascimento, L.B.d.; Siqueira, C.M.; Coelho, G.E.; Siqueira, J.B. Dengue in pregnant women: Characterization of cases in Brazil,
2007–2015. Epidemiol. Serviços Saúde 2017, 26, 433–442. [CrossRef]

90. Ranjan, R.; Kumar, K.; Nagar, N. Congenital dengue infection: Are we missing the diagnosis? Pediatr. Infect. Dis. 2016, 8, 120–123.
[CrossRef]

91. Swaminathan, A.; Kirupanandhan, S.; Rathnavelu, E. Challenges in a unique presentation of congenital dengue with congenital
heart disease. BMJ Case Rep. CP 2019, 12, e228855. [CrossRef]

92. Kagan, K.O.; Hamprecht, K. Cytomegalovirus infection in pregnancy. Arch. Gynecol. Obstet. 2017, 296, 15–26. [CrossRef]
93. Gugliesi, F.; Coscia, A.; Griffante, G.; Galitska, G.; Pasquero, S.; Albano, C.; Biolatti, M. Where do we stand after decades of

studying human cytomegalovirus? Microorganisms 2020, 8, 685. [CrossRef] [PubMed]
94. Prince, H.E.; Lapé-Nixon, M. Role of cytomegalovirus (CMV) IgG avidity testing in diagnosing primary CMV infection during

pregnancy. Clin. Vaccine Immunol. 2014, 21, 1377–1384. [CrossRef]
95. Zuhair, M.; Smit, G.S.A.; Wallis, G.; Jabbar, F.; Smith, C.; Devleesschauwer, B.; Griffiths, P. Estimation of the worldwide

seroprevalence of cytomegalovirus: A systematic review and meta-analysis. Rev. Med. Virol. 2019, 29, e2034. [CrossRef] [PubMed]
96. Sezgin, E.; An, P.; Winkler, C.A. Host genetics of cytomegalovirus pathogenesis. Front. Genet. 2019, 10, 616. [CrossRef] [PubMed]
97. Leruez-Ville, M.; Foulon, I.; Pass, R.; Ville, Y. Cytomegalovirus infection during pregnancy: State of the science. Am. J. Obstet.

Gynecol. 2020, 223, 330–349. [CrossRef] [PubMed]
98. Fowler, K.B.; Boppana, S.B. Congenital cytomegalovirus infection. Semin. Perinatol 2018, 42, 149–154. [CrossRef] [PubMed]
99. Lanzieri, T.M.; Dollard, S.C.; Bialek, S.R.; Grosse, S.D. Systematic review of the birth prevalence of congenital cytomegalovirus

infection in developing countries. Int. J. Infect. Dis. 2014, 22, 44–48. [CrossRef]
100. Lanzieri, T.M.; Caviness, A.C.; Blum, P.; Demmler-Harrison, G. Progressive, long-term hearing loss in congenital CMV disease

after ganciclovir therapy. J. Pediatr. Infect. Dis. Soc. 2022, 11, 16–23. [CrossRef]
101. Adler, S.P. Prevention of Maternal–Fetal Transmission of Cytomegalovirus. eBioMedicine 2015, 2, 1027–1028. [CrossRef]
102. Hammad, W.A.B.; Konje, J.C. Herpes simplex virus infection in pregnancy–An update. Eur. J. Obstet. Gynecol. Reprod. Biol. 2021,

259, 38–45. [CrossRef]
103. Looker, K.J.; Magaret, A.S.; Turner, K.M.; Vickerman, P.; Gottlieb, S.L.; Newman, L.M. Global estimates of prevalent and incident

herpes simplex virus type 2 infections in 2012. PloS ONE 2015, 10, e114989. [CrossRef]
104. Boppana, S.B.; Britt, W.J.; Fowler, K.; Hutto, S.C.; James, S.H.; Kimberlin, D.W.; Poole, C.; Ross, S.A.; Whitley, R.J. Pathogenesis of

non-Zika congenital viral infections. J. Infect. Dis. 2017, 216, S912–S918. [CrossRef]
105. James, S.H.; Sheffield, J.S.; Kimberlin, D.W. Mother-to-child transmission of herpes simplex virus. J. Pediatr. Infect. Dis. Soc. 2014,

3, S19–S23. [CrossRef]
106. Looker, K.J.; Magaret, A.S.; May, M.T.; Turner, K.M.; Vickerman, P.; Newman, L.M.; Gottlieb, S.L. First estimates of the global and

regional incidence of neonatal herpes infection. Lancet Glob. Health 2017, 5, e300–e309. [CrossRef]
107. Paulino, N.A.; Vázquez, M.S.; Bolúmar, F. Indigenous language and inequitable maternal health care, Guatemala, Mexico, Peru

and the Plurinational State of Bolivia. Bull. World Health Organ. 2019, 97, 59. [CrossRef]
108. Budiman, A.; Tamir, C.; Morea, L.; Noe-Bustamante, L. Statistical Portrait of the Foreign-Born Population in the United States; Pew

Research Center: Washington, DC, USA, 2020.

http://doi.org/10.1155/2018/9643083
http://doi.org/10.15585/mmwr.rr7006a1
http://doi.org/10.1089/vbz.2020.2685
http://www.ncbi.nlm.nih.gov/pubmed/34129393
http://doi.org/10.1007/s00284-020-02284-w
http://www.ncbi.nlm.nih.gov/pubmed/33231723
http://doi.org/10.1093/jpids/piw058
http://www.ncbi.nlm.nih.gov/pubmed/27760799
http://doi.org/10.1371/journal.pone.0202005
http://doi.org/10.1016/S1473-3099(16)00088-8
http://www.ncbi.nlm.nih.gov/pubmed/26949028
http://doi.org/10.1016/j.jpeds.2013.06.040
http://doi.org/10.5123/S1679-49742017000300002
http://doi.org/10.1016/j.pid.2016.07.003
http://doi.org/10.1136/bcr-2018-228855
http://doi.org/10.1007/s00404-017-4380-2
http://doi.org/10.3390/microorganisms8050685
http://www.ncbi.nlm.nih.gov/pubmed/32397070
http://doi.org/10.1128/CVI.00487-14
http://doi.org/10.1002/rmv.2034
http://www.ncbi.nlm.nih.gov/pubmed/30706584
http://doi.org/10.3389/fgene.2019.00616
http://www.ncbi.nlm.nih.gov/pubmed/31396258
http://doi.org/10.1016/j.ajog.2020.02.018
http://www.ncbi.nlm.nih.gov/pubmed/32105678
http://doi.org/10.1053/j.semperi.2018.02.002
http://www.ncbi.nlm.nih.gov/pubmed/29503048
http://doi.org/10.1016/j.ijid.2013.12.010
http://doi.org/10.1093/jpids/piab095
http://doi.org/10.1016/j.ebiom.2015.08.004
http://doi.org/10.1016/j.ejogrb.2021.01.055
http://doi.org/10.1371/journal.pone.0114989
http://doi.org/10.1093/infdis/jix431
http://doi.org/10.1093/jpids/piu050
http://doi.org/10.1016/S2214-109X(16)30362-X
http://doi.org/10.2471/BLT.18.216184


Microorganisms 2023, 11, 257 18 of 18

109. Lemus-Way, M.C.; Johansson, H. Strengths and resilience of migrant women in transit: An analysis of the narratives of Central
American women in irregular transit through Mexico towards the USA. J. Int. Migr. Integr. 2020, 21, 745–763. [CrossRef]

110. United Nations. Femicide or Feminicide. Available online: https://oig.cepal.org/en/indicators/femicide-or-feminicide (accessed
on 27 November 2022).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1007/s12134-019-00690-z
https://oig.cepal.org/en/indicators/femicide-or-feminicide

	Introduction 
	Materials and Methods 
	Results 
	Toxoplasmosis 
	Other—Chagas Diseases 
	Other—Zika Virus 
	Other—Dengue Virus 
	Cytomegalovirus 
	Herpes Simplex Virus 

	Conclusions 
	References

