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Abstract: Background/Objectives: Zika disease is caused by the Zika virus (ZIKV) and
represents a major public health problem because of the complications in newborn babies
from mothers who were infected during pregnancy. It is estimated that 80% of infected
pregnant women are asymptomatic, which complicates the identification of infected indi-
viduals. In this study, we aimed to detect ZIKV in asymptomatic pregnant women and the
effects in the newborns were analyzed. Methods: The presence of ZIKV was evaluated
through endpoint reverse transcription—polymerase chain reaction (RT-PCR) in 114 blood
samples from pregnant women treated at two hospitals in the state of Veracruz, Mexico.
There was a follow-up of the participants until the birth of their newborns. Results: ZIKV
RNA was detected in 4.4% (1 = 5) of cases. In two positive cases, two consecutive samples
were obtained, and one case of persistence of ZIKV in serum after 90 days after delivery
was identified. A total of 80% of the positive cases were identified after the third trimester
of pregnancy and 20% after the second trimester. Although ZIKV was shown to be a risk
factor for low weight and low size at birth and prematurity, after adjustment for other
variables, it did not show a significant association. In contrast, preeclampsia/eclampsia
was identified as a significant risk factor for low birth weight. Conclusions: The prevalence
of ZIKV found in this study suggests a latent circulation of this virus and highlights the
importance of epidemiological surveillance in endemic zones. The prolonged viremia that
was found suggests the need for more research because of the high impact which can mean
the possible dissemination of the virus to the vector.

Keywords: Zika virus; pregnancy; asymptomatic infection; newborn; viremia

1. Introduction

Zika disease is caused by the ZIKV. This is a virus that belongs to the Flaviviridae
family under the Flavivirus genus, with an RNA genome. The ZIKV was isolated for
the first time in the Rhesus macaque from the forest of Zika, Uganda, in 1947 [1]. In
the acute phase of Zika disease, the clinical manifestations last around 7 days and are
mainly characterized by fever, arthralgia, headache, conjunctivitis, and exanthema [2]. It is
estimated that 80% of the infected persons with ZIKV are asymptomatic [3]. Between the
years 2016 and 2024 confirmed cases of ZIKV have been reported in México by the Mexican

Infect. Dis. Rep. 2025, 17,2

https://doi.org/10.3390/idr17010002


https://doi.org/10.3390/idr17010002
https://doi.org/10.3390/idr17010002
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/idr
https://www.mdpi.com
https://orcid.org/0000-0002-0996-6966
https://orcid.org/0000-0002-1492-1797
https://orcid.org/0000-0001-7495-426X
https://orcid.org/0000-0001-9597-127X
https://orcid.org/0000-0003-4953-5076
https://orcid.org/0000-0002-1162-384X
https://orcid.org/0000-0001-8090-4103
https://doi.org/10.3390/idr17010002
https://www.mdpi.com/article/10.3390/idr17010002?type=check_update&version=1

Infect. Dis. Rep. 2025, 17,2

2 of 10

authorities in 29 of 32 states of the country in which the vector is distributed [4], showing
13,034 accumulated confirmed cases, of which 7156 are in pregnant women [5].

In 2015, ZIKV gained relevance in public health because of its association with compli-
cations in newborn babies whose mothers were infected during the pregnancy. Initially,
microcephaly was considered a teratogenic sequel of ZIKV, but nowadays, it is well known
that intrauterine infection by ZIKV causes a series of traits that have been grouped in a
newly denominated syndrome called Congenital Zika Syndrome (CZS) [6]. Other growth
alterations have been associated with CZS, like low weight, low height, and prematurity at
birth due to intrauterine growth restriction during gestation [7,8]. The CZS is characterized
by neurological alterations, arthrogryposis, and ophthalmic anomalies. More recently, hy-
drocephalus and postnatal microcephalus have been identified as possible traits of CZS [9].
A recent study carried out on children who had been exposed to ZIKV in utero but who did
not present any CZS at birth showed alterations in their neurological development during
their first 18 months after birth [10].

One major trait in pregnant women who were infected by ZIKV of high epidemiologi-
cal impact is a potentially prolonged viremia with the possibility of passing the virus to
the vector. In animal models with pregnant female Rhesus macaques, the viremia lasted
from 28 to 70 days [11]. A similar observation was found in pregnant mothers infected
with ZIKV [12], in whom the viremia lasted up to 107 days in the case of symptomatic
women [13] and up to 70 to 72 days in the case of asymptomatic women [14]. Pregnant
mothers are a vulnerable group to ZIKV infection; however, in the case of asymptomatic
individuals, the lack of signs and symptoms complicates the diagnosis and the follow-up
by health authorities. Therefore, it is then of high importance that relevant studies are made
to know the effects of prenatal infection by ZIKV in this demographical group. This study
aims to determine the infection by ZIKV in a group of asymptomatic pregnant women
in the state of Veracruz, Mexico, in 2019, three years after the 2016 breakout, as well as to
create knowledge on the effects and complications for the newborn associated with the
prenatal infection by this virus in the mother.

2. Materials and Methods
2.1. Study Design

This study was designed in two phases: phase 1 was a cross-sectional study to observe
the prevalence of ZIKV in asymptomatic pregnant women, and phase 2 was a prospective
cohort study with the finality of determining the effect of the prenatal infection by ZIKV in
newborns of asymptomatic mothers. The study was performed from February to June of
2019 in the state of Veracruz, Mexico. This urban area is located in the Gulf of Mexico and
has presented the highest incidence of confirmed cases of CZS between 2016 and 2018 [15].

2.2. Protocol Description

This study was approved by the Ethics and Research Committee of the High Specialty
Hospital of Veracruz (HSHV) and by the Health Secretary. A screening was performed to
detect positive cases of ZIKV in asymptomatic pregnant patients in the General Hospital
of Tarimoya (GHT) and in the HSHV. A total of 114 samples were selected through a
sampling of consecutive patients recruited after the required informed consents were
granted. The inclusion criteria were women in the gestation period who requested services
from the clinical analysis laboratory, diagnosis appointments, hospitalization, or emergency
rooms without symptomatology referent to arbovirus during pregnancy and who agreed to
participate in the research protocol. In the 114 patients included in this study, the newborns
were followed through the clinical file.
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2.3. Sample Processing and Viral RNA Extraction

The blood samples were obtained using extraction tubes BD Vacutainer® (EDTA, BD,
Franklin Lakes, NJ, USA) for serum with coagulation activator. The serum was obtained
through centrifugation at 3500 rpm and stored at —80 °C until its processing. The viral RNA
was extracted using a QlAamp Viral RNA mini kit (QIAmp, QIAGEN, Hilden, Germany),
after which a diagnostic test was performed with an endpoint RT-PCR using the One-Step
kit RT-PCR (QIAGEN, Hilden, Germany) according to the manufacturer’s directions. The
primers used for the detection of the E protein of ZIKV were primFor GCTGGGGCAGA-
CACCGGAAC and primRev GTCCACCGCCATCTGGACTG, and plasmids as positive
controls. DENV and CHIKYV detection were included as negative controls. A second blood
sample was taken from two patients to determine the duration of the viremia: one of whom
had her second sample taken after 15 days of the first sample and who was in her third
trimester of pregnancy when both samples were taken; the second of these patients had her
first sample taken prior to delivery and the second sample 90 days later.

2.4. Clinical Data Collection

The remaining variables of interest were collected using an instrument developed by
the research team. This instrument comprises anthropometric measures and descriptive
variables of the mother and the newborn that are part of the study. These variables are
as follows:

Cross-sectional design: main measures.

Positive cases: patients with blood samples positive for ZIKV by endpoint RT-PCR.
Negative cases: patients with blood samples negative for ZIKV by endpoint RT-PCR.
Cohort study: main measures.

Exposure: Asymptomatic pregnant woman positive for ZIKV by endpoint RT-PCR.
Outcome measures: newborn characteristics.

Underweight newborns: using the criteria given by the World Health Organization
(WHO) and by the National Federation of Neonatology of Mexico (non-profit), it was
established that underweight for a newborn is below 2500 g.

e  Short height newborns: it was established following the parameters of Fenton grow
chart provided by WHO as part of the vigilance measures in areas with high risk of
ZIKV dissemination.

e  Premature birth: using the criteria given by WHO and by the National Federation of
Neonatology of Mexico (non-profit), it was established that a newborn is premature at
less than 37 weeks.

e  Abnormal cephalic circumference in newborns: it was established in a newborn

according to gestational age when cephalic circumference was above or below the

normal range, and it was determined following the parameters of the Fenton grow
chart provided by WHO as part of the vigilance measures in areas with high risk of

ZIKV dissemination.

2.5. Statistical Analysis

The prevalence of ZIKV in asymptomatic pregnant women was estimated after divid-
ing the positive cases by the total number of pregnant women who received a prenatal
screening test. The confidence intervals for proportions were calculated through a binomial
exact test. The comparison between categorical variables was performed by a chi-square
test or Fisher’s exact test whenever it was necessary. The probability for the newborns
to present the listed abnormalities at birth was calculated through relative risk and con-
fidence intervals of 95%. Odds ratios and confidence intervals at 95 % were calculated
in a multivariate binary logistic regression analysis to adjust for the association between
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several outcomes (low birth weight, low birth length, and prematurity) with maternal
asymptomatic ZIKV infection. Adjustment variables that could be confounding factors
were maternal obstetric risk age and the presence of preeclampsia or eclampsia during
pregnancy. The statistical significance was defined as a value of p < 0.05. The statistical
analysis was performed with SPSS (IBM SPSS Statistics 210; SPSS Inc., New York, NY, USA)
and StatCalc (Epi Info; CDC, Atlanta, GA, USA).

3. Results

A total of 114 samples from pregnant women were studied. The patients were divided
into two groups: positive and negative cases for ZIKV. All patients were negative for DENV
and CHIKV. All the women in the first group were Mexican citizens with a mean age of
25.4 years, a mean weight of 77.4 kg, and a mean height of 162.7 cm. In the second group,
107 women were Mexican nationals, 1 Honduran national, and 1 Colombian national, with
a mean age of 24.9 years, a mean weight of 72.12 kg, and a mean height of 156.06 cm.
There was an abortion in the second group (Table 1). Despite there being women of other
nationalities in the study, all of them resided in the state of Veracruz.

Table 1. General characteristics of asymptomatic pregnant women according to the result of RT-PCR
to ZIKV.

Characteristics Positives to ZIKV Negatives to ZIKV

n=>5 n =109
Age (years), Mean + SD 25.4 + (8.2) 249 + (6.5)
Weight (kg), Mean + SD 77.4 + (14.3) 72.1 + (14.2)
Size (cm), Mean 4+ SD 162.8 £ (7.9) 156.1 + (5.5)
Nationality, 7 (%)
Mexican 5 (100%) 107 (98.2%)
Honduran 0 (0%) 1 (0.9%)
Colombian 0 (0%) 1 (0.9%)
Gynecological-Obstetric Variable
Abortions, n (%) 0 (0%) 1 (0.9%)

SD: Standard deviation. RT-PCR: Reverse-Transcription Polymerase Chain Reaction. ZIKV: Zika Virus.

The prevalence of ZIKV in asymptomatic pregnant women (n = 114) was 4.4% (95%
ClI, 1.49.9%). For GHT, of the total samples (1 = 88), 3.4% (95% C.I., 0.7-9.6%) were
positive for ZIKV. For HSHYV, of the total samples (1 = 26), 7.7% (95% C.I., 0.9-25.1%) were
positive for ZIKV (Table 2).

Table 2. Detection of ZIKV in serum of asymptomatic pregnant women.

Institution San‘lf.)les Prevalence 95% CI
(Positives)
Total Population (GHT + HSHV) 114 (5) 4.4% 1.4-9.9%
GHT 88 (3) 3.4% 0.7-9.6%
HSHV 26 (2) 7.7% 0.9-25.1%

ZIKV: Zika Virus. GHT: General Hospital Tarimoya. HSHV: High Specialty Hospital of Veracruz. 95% CI: 95%
confidence interval obtained by exact binomial test.

To measure the effects of the maternal infection of ZIKV in newborns, a follow-up
of the patients was performed until childbirth using access to the medical files. With
the obtained data, the characteristics of the newborns were compared between the ZIKV-
positive and the ZIKV-negative cases. The results show that 50% of the studied newborns
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from ZIKV-positive pregnant women presented either underweight or short height or
were premature. The relative risk of developing underweight at birth was 6.4 (95% C.IL,
1.6-24.8); 4.0 (95% C.I., 1.2-13.7) for short height and 3.6 (95% C.I., 1.1-12.1) for premature
birth. Although the identified relative risks were statistically significant, there was no
consistency in the findings after the analysis of categorical data using Fisher’s exact test for
small samples (p > 0.05). There was no newborn from the exposed group who presented an
altered cephalic perimeter at birth (Table 3).

Table 3. Risk of alterations in newborns of asymptomatic pregnant women to ZIKV.

Cases . .
(Asymptomatic With the Ever‘lt of Interest Without the Ev'ent of Relative Risk 95% CI p-Value
at Birth Interest at Birth
Pregnant Women)
ZIKV Result Low Weight Normal Weight
n=6 n=49
1.6-24.8 0.055
Positive, n =4 2 (50.0%) 2 (50.0%) 6.4
Negative, n =51 * 4 (7.8%) 47 (92.2%) 1
ZTKV Result Low Size Normal Size
n=8 n=44
1.2-13.7 0.107
Positive, n =4 2 (50.0%) 2 (50%) 4.0
Negative, n =48 * 6 (12.5%) 42 (87.5%) 1
ZIKV Result With Prematurity Without Prematurity
n=9 n=46
1.1-12.1 0.121
Positive, n = 4 2 (50.0%) 2 (50%) 3.6
Negative, n =51* 7 (13.7%) 44 (86.3%) 1
Altered Head Normal Head
ZIKV Result Circumference Circumference
n=8 n=38 NA NA 1.000
Positive, n =4 0 (0.0%) 4 (100%)
Negative, n =42* 8 (19.1%) 34 (80.9%)

n: Number of subjects. ZIKV: Zika Virus. 95% CI: 95% confidence interval obtained by exact binomial test.
* Subjects whose files did not contain information on the event of interest were discarded from this analysis.
The reference group is indicated by an RR = 1. p value obtained by Fisher’s chi-square or exact test. NA: Not
applicable. Low birth weight was defined as less than 2500 g at birth, according to criteria outlined by the World
Health Organization and the National Federation of Neonatology in Mexico City. Low birth size was defined
according to guidelines for surveillance in environments with risk of ZIKV circulation. Prematurity was defined
as those infants with a gestational age of less than 37 weeks, according to criteria indicated by the World Health
Organization and the National Federation of Neonatology in Mexico A.C. Altered cephalic perimeter was defined
as established by the guidelines for surveillance in environments with risk of ZIKV.

Table 4 presents the statistically associated variables, adjusted in a multivariate anal-
ysis. The adjustment variables were maternal obstetric risk age and preeclampsia or
eclampsia during pregnancy. In the simple model, a positive RI-PCR ZIKV result was asso-
ciated as a risk factor for low birth weight (p = 0.03). However, when maternal obstetric risk
age and preeclampsia/eclampsia variables were introduced in models 2 and 3, the positive
RT-PCR ZIKV was shown to be a non-significant risk factor of all outcome variables.

In reference to the trimester of the pregnancy in which the first blood sample was
collected, the results did not show any positive case during the first trimester. The third
trimester had the highest number of cases (Table 5). Among the two patients with two
blood samples, prolonged viremia was detected only in a patient from whom the sample
was obtained in the moment of labor. This viremia had a duration of 90 days, and the
patient presented cardiac issues, respiratory problems, and fatigue.
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Table 4. Multivariate analysis of the association of a history of asymptomatic ZIKV infection with
low weight, low size, and prematurity at birth of the newborn.

Model 1 Model 2 Model 3
OR (95% CI) p-Value OR (95% CI) p-Value OR (95% CI) p-Value
Outcome: Low Weight at Birth
Positive to RT-PCR ZIKV 11.8 (1.3-107.1) 0.03 11.7 (1.1-121.6) 0.04 4.8 (0.3-73.4) 0.26
Obstetric Risk Age * - - 4.1 (0.6-28.0) 0.15 3.7 (0.5-30.0) 0.23
Preeclampsia/Eclampsia - . - — 13.2 (1.3-137.6) 0.03
Outcome: Low Size at Birth
Positive to RT-PCR ZIKV 7.0 (0.8-59.4) 0.08 6.7 (0.7-62.7) 0.10 10.3 (0.7-156.5) 0.09
Obstetric Risk Age * — - 3.5 (0.7-17.6) 0.13 3.8 (0.7-19.7) 0.12
Preeclampsia/Eclampsia - - - - 0.4 (0.02-9.0) 0.56
Outcome: Prematurity
Positive to RT-PCR ZIKV 6.3 (0.8-52.2) 0.09 6.1 (0.6-58.8) 0.12 2.9 (0.2-36.9) 0.42
Obstetric Risk Age * - . 4.5(0.9-21.7) 0.06 4.1(0.8-21.2) 0.09
Preeclampsia/Eclampsia -— - -— - 6.7 (0.7-62.3) 0.09

OR: Odds ratio calculated by binary logistic regression. Method of introducing variables: “Enter” in three blocks.
95% CI: 95% confidence interval. RT-PCR ZIKV: Reverse-Transcription Polymerase Chain Reaction for Zika Virus.
Model 1: Without adjustment Model 2: Age-adjusted for obstetric risk. Model 3: Age-adjusted for obstetric risk
and preeclampsia/eclampsia. * Obstetric risk age: <20 years or >35 years of age.

Table 5. Trimester of pregnancy in which ZIKYV is detected.

RT-PCR to ZIKV Test Result 1° Trimester 2° Trimester 3° Trimester No Information Total
Positive Cases 0 (0%) 1 (20%) 4 (80%) 0 (0%) 5 (100%)
Negatives Cases 7 (6.4%) 22 (20.2%) 72 (66.1%) 8 (7.3%) 109 (100%)
Total 7 (6.1%) 23 (20.2%) 76 (66.7%) 8 (7.0%) 114 (100%)

RT-PCR: Reverse-Transcription Polymerase Chain Reaction. ZIKV: Zika Virus.

4. Discussion

ZIKV is currently circulating in Mexico as well as in other countries. The prevalence
of infection by ZIKV in asymptomatic pregnant women varies worldwide because of the
heterogeneity of the studied population, the time in which the study is performed, and
host factors, including socioeconomic variables, climate and geographic factors, and vector
ecology [16,17]. In Peru and Brazil, studies similar to our work showed a prevalence of 3.2%
and 4.6%, respectively [18,19]. Of note, our study is the first of its type to be performed
in Mexico, which showed that 4.4% of the sampled asymptomatic women were infected
with ZIKV when the test was performed. ZIKV is a public health problem in Mexico since,
according to the Mexican authorities, 54.9% of the ZIKV confirmed cases from 2015 to
2024 are in symptomatic pregnant women with Zika disease [5]. This shows the constant
circulation of this arbovirus in endemic areas, positioning ZIKV as a continuous public
health problem that must be addressed.

The ZIKV has three mechanisms of transmission, namely vertical, sexual, and by
vector, and it generates persistence and is teratogenic [20,21]. Because the circulation of
this virus is recent, the sequels of the infection are not yet completely known.

Pregnant women infected with ZIKV are at risk for developing adverse perinatal out-
comes, including stillbirth, transplacental (vertical) viral transmission, neurodevelopmental
disorders, and malformation syndromes, including congenital Zika syndrome (CZS) [22].
However, not all newborns of mothers infected with ZIKV during pregnancy show effects
derived from it [23], which suggests the existence of protective factors that need to be
known to design control guidelines and protect the mothers. Some newborns of mothers
who were infected with ZIKV during pregnancy show no apparent problems at birth but
develop post-natal microcephaly or other neurological alterations [24,25]. This has been
seen in symptomatic and asymptomatic mothers [26], which confirms the need for follow-
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ups for these children with an opportune intervention. The newborns in this study did not
show any characteristics associated with ZIKV infection during pregnancy, but the data
available suggest that newborns born to mothers who were infected with ZIKV at some
point during pregnancy may have low birth weight and height or be born prematurely,
these are characteristics described for CZS [7,8]. In addition, when we analyzed these
characteristics in a multivariate analysis, we found in a model adjusted to other variables
like maternal obstetric risk age and preeclampsia/eclampsia, ZIKV-positive cases did not
show a significant association as a risk factor for the development of low weight at birth
and low size in the newborns. These data suggest the need to carry out more studies with
greater statistical power as well as follow-ups for the newborns of mothers infected with
ZIKV during pregnancy. On the other hand, preeclampsia/eclampsia was identified in
our study as a significant risk factor for low birth weight; this finding highlights the need
for early identification of pregnant women with these conditions because of the possible
alterations that could develop in the newborns, and that could synergistically add to ZIKV
infection. Consistent with this, it has been documented that ZIKV replicates in endothelial
cells [27], which could be a risk factor for preeclampsia/eclampsia [28].

The analyzed data in this work are solely from positive ZIKV cases during the second
and third pregnancy trimester of the pregnancy. The possibility of the women having been
infected for a considerable time before the samples were obtained is not discarded due to
the fact that the participants are asymptomatic. It is difficult to know their previous period
of exposure to the virus.

Some viruses cause an illness, but later, the immunological system eliminates them
from the system. These kinds of infections are known as acute infections [29]. However,
some infections can be persistent depending on the replicative mechanisms of the virus and
some characteristics of the host. In these cases, the host immune system does not completely
eliminate the virus, and it can remain for a long period of time [30]. The persistence of
these viruses in human fluids and tissue is associated with the development of illnesses
that should be major targets to be addressed by public health authorities. Whereas viruses
with DNA genome (such as hepatitis B, Epstein-Barr, and Type 1 Herpes Simplex) are
some viruses that persist and cause long-term health issues [31], it is also known that
viruses with RNA genome can cause persistence too, such as Human Immunodeficiency
Virus (HIV) and Hepatitis C (HCV), both with great health repercussions [32]. Recent
studies suggest that ZIKV persists in different parts of the human body because of the
presence of permissive cells; this has been observed in vivo and in vitro studies [33-35].
The described anatomical sites for ZIKV persistence are the nervous system and the sexual
tract for both males and females [36—41]. In the case of pregnant women and symptomatic
patients with comorbidities, it has been found that ZIKV can remain in the bloodstream
for a prolonged period of time. The longest-reported viremia for a symptomatic person
was a man who presented comorbidities and for whom it lasted for 275 days [42]. In this
work, we report the case of a woman in whom the presence of ZIKV was detected 90 days
after delivery and is, to our knowledge, the longest case registered in the literature in
asymptomatic pregnant women. This female patient presented health problems, but in
the study, whether the persistence of ZIKV was related to any sign or symptom was not
analyzed. A prolonged viremia may be related to increased damage, but more research
is needed. The data obtained in this study suggest the need for a follow-up for ZIKV
persistence in the bloodstream in patients with comorbidities and pregnant women. A long
viremia may have a bigger impact on the health of the patient, and it could also increase the
dissemination of the virus to the vector which translates into a high epidemiologic impact.

Limitations of this study include the sample size and the impossibility of accessing
the complete file information because the medical records did not contain all the variables
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analyzed. However, the fact that ZIKV was found in 4.4% of the sample suggests the need
for a change of strategy in the study of asymptomatic patients and in the pregnancy control
recommendations for women. As of today, only symptomatic women infected with ZIKV
are being studied. Also, the identified risks for newborn babies do not show any statistical
relevance but the problems derived from those risks do have a clinical significance because
of the impact in the life of the newborn. Due to the potential ailments that can appear in the
newborn at birth or later in life, it is recommended that ZIKV detection should be included
in the basic set of tests performed for pregnant women in endemic zones. More studies that
focus on health issues triggered by viruses causing persistence and teratogenic problems
are urgently needed so health authorities can have valuable scientific knowledge that can
support decision-making.
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