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Abstract

Zika virus (ZIKV) infection gained prominence in 2015 following a marked increase in 
cases of microcephaly and other congenital abnormalities among newborns of women 
infected during pregnancy, ultimately leading to the recognition of Congenital Zika Syn-
drome (CZS). This longitudinal descriptive study aimed to analyze changes in epidemio-
logical surveillance, diagnostic methods, and the classification of suspected CZS cases in 
the state of Espírito Santo, Brazil, using data from the unified RESP-Microcephaly/DATA-
SUS database from 2015 to 2024. Case incidence and temporal trends were analyzed, as 
well as associations between maternal infection, vertical transmission, clinical manifes-
tations, diagnostic methods, and neonatal outcomes, using chi-square tests, odds ratios 
(OR), and binomial logistic regression. A total of 851 suspected cases of ZIKV infection 
during pregnancy were analyzed, according to data availability for each variable. The 
number of investigated cases peaked in 2016, followed by a progressive decline in noti-
fications in subsequent years. Newborns of mothers with confirmed ZIKV infection had 
higher odds of CZS confirmation (OR = 5.1; 95% CI: 2.28–11.4; *p* < 0.001), supporting the 
occurrence of vertical transmission. Maternal clinical manifestations were significantly 
associated with confirmed infection, whereas the clinical characteristics evaluated in 
newborns were not. Among newborns, only IgM serology and PCR were significantly 
associated with diagnosis, although these were the least frequently used tests, whereas 
imaging examinations, which were more commonly performed, showed no significant 
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association with case confirmation. In addition, maternal signs and symptoms showed 
greater diagnostic discrimination than the clinical characteristics assessed in newborns. 
These findings suggest limitations in the diagnostic strategy adopted for newborns and 
a possible underestimation of infection incidence, highlighting the need to strengthen 
prenatal follow-up, expand access to more informative laboratory diagnostic methods, 
and improve epidemiological investigation, thereby contributing to more effective res-
ponses to future epidemics.

KEYWORDS: Zika virus; Vertical transmission; Epidemiology; Espírito Santo.

Introduction

The emergence of Zika virus (ZIKV) in Brazil in 2015 and the subse-
quent establishment of a causal relationship between infection and seve-
re neurological abnormalities resulted in an unprecedented public health 
emergency and ultimately led to the recognition of Congenital Zika Syn-
drome (CZS). Given the dynamic nature of the epidemic, epidemiologi-
cal surveillance systems required continuous improvement as scientific 
knowledge advanced, with successive updates to guidelines and case de-
finitions aimed at increasing the specificity of case notifications.

Initially recognized as an arboviral infection with a predominantly 
mild clinical course, ZIKV infection gained international attention 
following the identification of a marked increase in cases of microcephaly 
and other congenital abnormalities among newborns of mothers exposed 
to the virus during pregnancy. Epidemiological and pathological studies 
conducted during the Brazilian epidemic demonstrated a consistent as-
sociation between congenital ZIKV infection and fetal neurological ab-
normalities, establishing CZS as a new clinical and epidemiological entity 
(FRANÇA et al., 2016; MARTINES et al., 2016).
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In response to the rapid increase in suspected cases and the need for 
systematic monitoring of the epidemiological situation, the Brazilian Minis-
try of Health implemented specific surveillance strategies for CZS, inclu-
ding investigation protocols, diagnostic criteria, and the establishment of 
the Public Health Event Registry for Microcephaly (RESP-Microcephaly). 
This system became the main repository for reporting and monitoring sus-
pected cases of microcephaly and other central nervous system abnorma-
lities potentially associated with congenital ZIKV infection. In addition to 
diagnostic confirmation, surveillance activities included detailed clinical 
investigation, laboratory and imaging examinations, assessment of epide-
miological links, and final case classification (MARINHO et al., 2016).

The consolidation of RESP-Microcephaly enabled epidemiological stu-
dies addressing the spatial distribution, clinical profile, and temporal trends 
of CZS cases in Brazil. However, several authors have emphasized that data 
from this surveillance system should be interpreted with caution because of 
successive changes in case definitions, heterogeneity in the investigative ca-
pacity of healthcare services, and regional differences in the completeness of 
case notifications (ARAÚJO et al., 2018; MARTELLI et al., 2024).

Investigating changes in the surveillance of suspected CZS cases in 
the state of Espírito Santo may help identify temporal patterns in case re-
porting, the geographic distribution of records, and the consistency of final 
case classifications throughout the epidemic and post-epidemic periods. 
In addition to supporting assessments of surveillance system quality, this 
type of analysis may provide relevant evidence for health authorities and 
researchers regarding the strengths and limitations of RESP-Microcephaly 
as a source of epidemiological data, particularly for retrospective studies 
of congenital ZIKV infection.
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Therefore, this study aimed to analyze changes in the surveillance 
and classification of suspected CZS cases in Espírito Santo using the uni-
fied RESP-Microcephaly database from 2015 to 2024. We hypothesized 
that the main clinical manifestations associated with ZIKV infection would 
be significantly associated with confirmed diagnoses and that newborns 
of infected mothers would have a higher likelihood of CZS confirmation, 
supporting the occurrence of vertical transmission.

Methods

A longitudinal descriptive study was conducted using publicly avai-
lable secondary data from individual records compiled into annual RES-
P-Microcephaly/DATASUS datasets. The study included suspected cases 
of Congenital Zika Syndrome (CZS) reported in the state of Espírito San-
to, Brazil, between 2015 and 2024 (SINAN – Brazilian Ministry of Health), 
comprising a total of 851 investigated cases.

The incidence of confirmed cases relative to both the total popula-
tion and the number of tests performed in each municipality of Espírito 
Santo was calculated, and municipalities with the highest proportional in-
cidence were represented using bar charts. In addition, temporal trends in 
investigated and confirmed cases of maternal infection, as well as confir-
med cases among newborns, were presented using line graphs according 
to the notification years included in the study.

Associations between categorical variables were assessed using con-
tingency tables, chi-square tests, and odds ratios (ORs) with their respecti-
ve 95% confidence intervals (95% CIs). These analyses were used to inves-
tigate the association between confirmed maternal infection and infection 
in the newborn as an indicator of vertical transmission. In addition, the 
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effect of gestational age at the time of maternal infection diagnosis on the 
occurrence of infection in the newborn was evaluated using binary logis-
tic regression.

Signs and symptoms recorded in the RESP-Microcephaly/DATASUS 
dataset for suspected CZS cases in Espírito Santo and classically associa-
ted with maternal ZIKV infection were also evaluated in relation to con-
firmed infection. These included fever, rash, pruritus, conjunctivitis, ar-
thralgia, myalgia, edema, headache, lymphadenopathy, and neurological 
abnormalities. Among newborns, associations between confirmed infec-
tion and the presence of microcephaly, visual impairment, hearing impair-
ment, and neurological impairment were assessed.

Regarding diagnostic methods used in pregnant women, the results 
of IgG and IgM serology, IgG and IgM rapid tests, and molecular detection 
of viral RNA were evaluated, as well as their associations with confirmed 
maternal infection using contingency tables, chi-square tests, ORs, and 
95% CIs. The same analytical approach was used to investigate the asso-
ciations between diagnostic methods applied to newborns and infection 
confirmation, including IgM serology, polymerase chain reaction (PCR), 
prenatal ultrasonography, nuchal translucency assessment, computed to-
mography (CT), and magnetic resonance imaging (MRI).

A significance level of 5% (p = 0.05) was adopted for all statistical 
analyses. Data processing and statistical analyses were performed using 
Jamovi. Because this study was based exclusively on publicly available se-
condary data with no personally identifiable information, ethics commit-
tee review was not required, in accordance with Resolution No. 510/2016 
of the Brazilian National Health Council.
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Results

Between 2015 and 2024, 851 suspected cases of Congenital Zika Syn-
drome (CZS) were investigated in Espírito Santo, as recorded in RESP-
-Microcephaly. The municipalities with the highest absolute numbers of 
confirmed cases were Vila Velha, Cariacica, Vitória, Serra, and Guarapari. 
These municipalities were also among those with the highest numbers of 
diagnostic tests performed, together with Linhares, where more tests were 
conducted than in Guarapari (Figure 1). In contrast, the municipalities 
with the highest infection rates relative to their total populations were São 
José da Calçado, Baixo Guandu, Rio Bananal, Afonso Cláudio, and Aracruz. 
Despite the low absolute numbers of tests performed, these municipalities 
tested a larger proportion of their populations (Figure 2).

Figure 1. Highest absolute numbers of tests performed and confirmed Zika virus infec-
tion cases in municipalities of Espírito Santo, Brazil, between 2015 and 2024.
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Figure 2. Highest percentages of tests performed and confirmed Zika virus infection 
cases relative to the total population of each municipality in Espírito Santo, Brazil, be-

tween 2015 and 2024.

The temporal distribution showed an epidemic pattern, with the 
number of investigated cases peaking in 2016 (236 cases), followed by a 
progressive decline in subsequent years. The number of mothers with 
confirmed infection followed a similar pattern to the number of cases in-
vestigated, also peaking in 2016 (n = 25) and progressively decreasing to 
near-zero levels by 2024 in Espírito Santo. In contrast, the number of con-
firmed cases among newborns did not follow the same temporal pattern. 
Peaks occurred later than those observed among mothers, in 2020 (n = 11) 
and 2022 (n = 8) (Figure 3).

A statistically significant association was observed between confir-
med maternal ZIKV infection and confirmed CZS in newborns (χ² = 19; p < 
0.001; N = 851) (Table 1). Among mothers with confirmed ZIKV infection (n 
= 59), 9 (15.3%) had newborns with confirmed CZS, whereas among mothers 
with a negative result (n = 792), only 27 (3.4%) had newborns with confir-
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med CZS. The OR was 5.1 (95% CI: 2.28–11.4), indicating that newborns of 
mothers with confirmed ZIKV infection had approximately fivefold higher 
odds of CZS confirmation.

Table 1. Contingency table of maternal and newborn (NB) CZS diagnoses.

Maternal diagnoses NB negative NB positive Total

Negative 765 27 792

Positive 50 9 59

Total 815 36 851

χ² = 19; df = 1; p < 0,001; N = 851. Odds ratio = 5,1 (IC 95%: 2,28–11,4).

Figure 3. Comparative temporal trends in investigated cases, mothers with confirmed 
ZIKV infection, and newborns (NBs) with confirmed Congenital Zika Syndrome in Espí-

rito Santo, Brazil, between 2015 and 2024.

Binary logistic regression was performed to assess the predictive 
effect of gestational age at the time of confirmed maternal infection on 
the likelihood of CZS confirmation in the newborn (Table 2). The mo-
del showed very limited fit (Deviance = 231; AIC = 235; McFadden’s R² = 
0.00384). The estimated coefficient for gestational age at maternal diagno-
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sis was 0.0238 (SE = 0.0252; Z = 0.947; p = 0.344) and was not statistically 
significant. Thus, gestational age at the time of maternal diagnosis, when 
considered independently, was not a significant predictor of CZS confir-
mation in the newborn.

Table 2. Binary logistic regression assessing gestational age at maternal diagnosis as a 
predictor of confirmed CZS in the newborn.

Predictor Estimate SE Z p

Intercept −3.8342 0.7865 −4.875 < 0.001

Age at maternal diagnosis 0.0238 0.0252 0.947 0.344

Model ajustment: Deviance = 231; AIC = 235; R²McF = 0,00384. Estimates as log odds of NB positive vs. negative. 
N = 851.

Of the ten maternal symptoms evaluated, nine were significantly as-
sociated with confirmed ZIKV infection; neurological abnormalities were 
the only exception (χ² = 0.375; p = 0.54). Based on effect size, as measu-
red by the odds ratio, the symptoms most strongly associated with con-
firmed infection were lymphadenopathy (OR = 40.6), edema (OR = 13.9), 
fever during pregnancy and myalgia (OR = 9.85 each), and conjunctivitis 
(OR = 9.23). In terms of statistical evidence, as indicated by the chi-square 
statistic, the strongest associations were observed for fever during preg-
nancy (χ² = 67.1), myalgia (χ² = 44.7), headache (χ² = 38.1), and rash during 
pregnancy (χ² = 32.4). These two criteria did not fully coincide because 
they reflect different aspects of the association: effect size and strength 
of statistical evidence, respectively, although both consistently identi-
fied symptoms associated with confirmed maternal infection (Figure 4). 
In contrast, confirmed CZS in newborns was not significantly associated 
with any of the evaluated clinical characteristics, including microcephaly, 
neurological impairment, hearing impairment, or visual impairment (p > 
0.05) (Figure 5).
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Figure 4. Association between maternal symptoms and confirmed Zika virus infection, 
expressed as the natural logarithm of the odds ratio [ln(OR)] and 95% confidence intervals.

Figure 5. Association between clinical manifestations in newborns and confirmed Zika 
virus infection, expressed as odds ratios (ORs).
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Diagnostic tests showed distinct patterns between mothers and 
newborns (Tables 3 and 4). Among mothers, all five tests evaluated—IgG 
serology, IgM serology, IgG rapid test, IgM rapid test, and PCR—were sig-
nificantly associated with confirmed ZIKV infection (p < 0.001 for all tests). 
These tests were performed in similar numbers of suspected maternal ZIKV 
cases, ranging from 340 to 359 tests (Table 3). Among newborns, only IgM 
serology (χ² = 31; p < 0.001) and PCR (χ² = 9.87; p = 0.002) were significantly 
associated with confirmed CZS. Imaging examinations, including ultraso-
nography, fetal nuchal translucency assessment, computed tomography 
(CT), and magnetic resonance imaging (MRI), showed no statistically sig-
nificant association with case confirmation (p ≥ 0.05 for all) (Table 4).

Paradoxically, IgM serology and PCR, the most informative diagnostic 
tests in newborns, were also the least frequently used in this population, 
with 226 and 260 newborns tested, respectively. In contrast, imaging exa-
minations, which showed no significant association with diagnostic con-
firmation, were the most frequently performed, with 433 to 474 newborns 
undergoing these assessments. This pattern differed from that observed 
among mothers, in whom the most informative tests were used at frequen-
cies comparable to those of the other diagnostic methods throughout the 
study period (Tables 3 and 4).

Table 3. Maternal diagnostic tests associated with confirmed Zika virus infection.

Test N tested N positive χ² p

IgG serology 351 18 189 < 0.001

IgM serology 357 19 204 < 0.001

IgG rapid test 345 2 21.9 < 0.001

IgM rapid test 340 2 24.3 < 0.001

PCR (viral RNA) 359 8 80.8 < 0.001

N tested = Number of mothers with available test results; N positive = number of mothers with a positive test 
result.
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Table 4. Diagnostic tests in newborns (NBs) associated with confirmed Zika virus infection.

Test N tested N positive χ² p

IgM serology 226 5 31 < 0.001

PCR (viral RNA detection) 260 1 9.87 0.002

Ultrasonography 447 167 0.849 0.357

Fetal nuchal translucency 474 131 0.00959 0.922

Computed tomography (CT) 466 29 0.0805 0.777

Magnetic resonance imaging (MRI) 433 2 0.0821 0.774

N tested = number of newborns with available test results; N positive = number of newborns with a positive test 
result. IgM serology and PCR, the tests most strongly associated with diagnostic confirmation, had the lowest N 

tested among newborns.

Discussion

Of the two hypotheses proposed in this study, the hypothesis that the 
main clinical manifestations associated with the disease would be signifi-
cantly associated with confirmed diagnoses was only partially supported 
by our data, as this pattern was observed among mothers with suspected 
ZIKV infection but not among newborns. In contrast, the hypothesis that 
newborns of infected mothers would have a greater likelihood of a positi-
ve diagnosis was supported by the patterns described here, highlighting 
the importance of vertical transmission in congenital ZIKV infection.

The municipalities with the highest infection rates relative to their 
total populations indicate that areas farther from the main political and 
economic centers of the state were more vulnerable to ZIKV infection, 
despite not necessarily presenting the highest testing volumes. This pat-
tern suggests underascertainment of the overall number of infections, 
since greater testing efforts in areas with higher infection rates would be 
expected to identify additional cases. Municipalities with more limited 
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healthcare infrastructure tend to be more vulnerable to the effects of epi-
demics and pandemics and may also experience greater underreporting of 
cases (ARAÚJO & FERREIRA, 2024; PAIXÃO et al., 2021). A descriptive stu-
dy of the SINAN, SINASC, and RESP-Microcephaly surveillance systems 
covering the period from 2016 to 2023 found that only 25.32% of pregnant 
women reported with suspected infection underwent laboratory investi-
gation and that only 13.67% of confirmed cases were confirmed based on 
laboratory criteria (PEREIRA et al., 2025). Similarly, a nationwide cohort 
study based on RESP-Microcephaly that followed 11,850 suspected CZS 
cases between 2015 and 2018 found that only 28.3% were ultimately con-
firmed, whereas 9.3% remained inconclusive and 62.4% were never con-
firmed (PAIXÃO et al., 2022). Therefore, broader and more effective tes-
ting could provide a more accurate representation of disease distribution, 
which is essential for appropriate public health decision-making during 
epidemic events.

In the present study, the temporal variation in confirmed maternal 
cases followed the overall pattern of diagnostic testing. This may be ex-
plained by the relatively frequent use of tests that were more strongly as-
sociated with final diagnostic confirmation, including IgG and IgM sero-
logy, IgG and IgM rapid tests, and viral RNA detection by PCR. In contrast, 
this relationship between confirmed cases and testing effort was not ob-
served among newborns. This may be partly explained by differences in 
the diagnostic performance and use of the methods applied in this group, 
including IgM serology, viral RNA detection by PCR, ultrasonography, fe-
tal nuchal translucency assessment, computed tomography, and magnetic 
resonance imaging. IgG serology in newborns, in particular, may produce 
misleading positive results because maternally derived IgG antibodies can 
cross the placenta and be detected in the newborn (SINGH et al., 2019).
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Cohort studies have shown that, even when congenital ZIKV infection 
is clinically suspected, laboratory confirmation in newborns is particular-
ly challenging, with a substantial proportion of cases remaining classified 
only as “possible” because of limitations related to the viral detection win-
dow and serological cross-reactivity (MULKEY et al., 2023). Moreover, the 
complexity of and low adherence to postnatal follow-up protocols, which 
require multiple specialized assessments, represent practical barriers that 
may contribute to the underdetection of both infection and associated se-
quelae in newborns. This supports the hypothesis that limited diagnostic 
investigation in this population is a recurring pattern across different he-
althcare settings (CDC, 2024).

In addition, our results reinforce that maternal clinical manifestations 
were more strongly associated with confirmed ZIKV infection than the cli-
nical manifestations observed in newborns were with confirmed CZS. This 
finding suggests that, during the epidemic period, epidemiological sur-
veillance was more effective in identifying and confirming ZIKV infection 
among pregnant women than CZS among newborns during the neonatal 
period. This difference may be largely related to the inherent difficulties in 
diagnosing congenital infection. The short viral detection window and the 
possibility of absent or subtle clinical manifestations at birth may reduce 
diagnostic sensitivity and hinder case confirmation (MOORE et al., 2017; 
ADEBANJO et al., 2017).

Similar findings were reported by PACHECO et al. (2016) in a study 
conducted in Colombia, in which a large number of pregnant women with 
suspected ZIKV infection were identified, whereas infection was confir-
med in a smaller proportion of newborns. The authors attributed this pat-
tern to the short period during which laboratory tests remain positive and 
to the variability of clinical manifestations of congenital infection, both 
of which complicate diagnostic confirmation during the neonatal period. 
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Confirmation of suspected cases should therefore consider the combina-
tion of the child’s clinical findings, maternal epidemiological and obstetric 
history, laboratory test results, and imaging findings, as recommended by 
CZS surveillance protocols (ADEBANJO et al., 2017). Such an integrated 
approach may improve case classification and generate more reliable epi-
demiological information, which is essential for disease surveillance and 
for planning healthcare and public health interventions.

The findings of the present study showed that newborns of mothers 
with confirmed ZIKV infection had greater odds of confirmed infection, 
supporting vertical transmission as the primary route of congenital ZIKV 
infection. The causal basis of this route is supported by the detection of 
viral RNA and antigens in amniotic fluid, placental tissue, and brain tissue 
from affected newborns and fetuses, demonstrating the ability of ZIKV to 
cross the placental barrier and its marked neurotropism (NORONHA et al., 
2016; TEIXEIRA et al., 2020).

The finding that this association was not related to gestational age at 
maternal diagnosis is also consistent with follow-up studies of pregnant 
women with laboratory-confirmed infection. A cohort of pregnant women 
presenting with rash in the metropolitan region of Belém, Pará, across dif-
ferent gestational ages identified laboratory-confirmed ZIKV infection by 
molecular and/or serological methods, indicating that maternal exposu-
re to the virus is not restricted to a specific gestational window during 
pregnancy (OLIVEIRA et al., 2016). This lack of a strict temporal restriction 
is also compatible with the mechanisms of transplacental transfer. In a 
cohort of pregnant women from Vitória, Espírito Santo, maternal-to-fe-
tal IgG transfer occurred efficiently regardless of the gestational period 
in which maternal infection occurred (SINGH et al., 2019). This finding is 
consistent with the hypothesis that the likelihood of vertical transmission 
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is not restricted to a specific stage of pregnancy but is instead related to 
the occurrence of maternal infection itself.

Conclusions

The findings presented here suggest that more comprehensive and 
efficient surveillance, particularly in municipalities in the interior of Es-
pírito Santo, could have revealed a higher incidence of ZIKV infection be-
tween 2015 and 2024, especially among pregnant women, for whom the 
diagnostic tests used showed strong associations with final case confir-
mation. In addition, our results reinforce the risk associated with verti-
cal transmission during pregnancy, highlighting the importance of public 
health policies aimed at strengthening prenatal follow-up and improving 
family education and preventive measures to reduce the risk of maternal 
infection during future outbreaks.
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