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Objectives: Arboviruses represent a major challenge to public health in Brazil. Dengue (DENV) virus has been
endemic for decades, and the introduction of Zika (2015) and Chikungunya (2014) viruses (CHIKV) has imposed
a significant burden on the country. The present study aimed to investigate the seroprevalence of Zika virus
(ZIKV), DENV and CHIKV in women in Salvador, Bahia-Brazil.

Methods: Cross-sectional study involving postpartum women admitted to a maternity hospital in Salvador, Brazil.
Anti-ZIKV, anti-DENV and anti-CHIKV immunoglobulin G was measured by enzyme-linked immunosorbent assay.
Results: A total of 302 women were enrolled with a median age: 26 years, interquartile range (21-33). Most self-
declared as mixed-race or black skin color (92.4%). The seroprevalence was 57% for ZIKV); 91.4% for DENV,
and 7.6% for CHIKV. Most participants denied awareness of previous arboviral infection, although 67 (22.3%)
reported a previous history of ZIKV infection, 34 (11.1%) DENV infection and 9 (3%) CHIKV infection.
Conclusion: Our data indicate a high prevalence of past ZIKV and DENV infections in the population studied.
Most of the participants remain susceptible to future CHIKV infection, highlighting the need for preventive and
educational interventions. Our results suggest the need for continuous epidemiological surveillance of arboviral
diseases, particularly among women residing in at-risk regions.

Introduction

Arboviruses represent a major challenge for public health in Brazil.
Up to epidemiological week 21 in 2023, the Pan American Health Or-
ganization (PAHO) reported that 1,515,460 suspected cases of Dengue
(DENV), 124,270 suspected cases of Chikungunya (CHIKV) and close to
7352 suspected Zika virus (ZIKV) cases had occurred in Brazil [1]. Ma-
ternal infection with any of these arboviruses during pregnancy has the
potential to also infect the fetus and result in congenital disease.

Dengue is endemic in the country, characterized by numerous out-
breaks related to different viral serotypes in recent decades [2]. DENV
was first described in pregnancy in 1948, and since then reports have
linked maternal infection with premature delivery and low birthweight

[3].
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Following its introduction in Brazil in 2014, the first autochthonous
cases of Chikungunya virus were reported in the north and northeastern
regions of the country [4]. Pregnant women infected late in pregnancy
or close to delivery can transmit CHIKV to the fetus, with outcomes such
as myelitis, encephalomyelitis, meningitis or irritability being associated
with infection in newborns [5].

In May 2015, the transmission of ZIKV was confirmed in Brazil [6].
Infection had previously been considered benign and self-limiting; how-
ever, in late 2015, an unexpected outbreak of newborns with micro-
cephaly in major cities in northeastern Brazil led the Ministry of Health
to declare a public health emergency. Later, the association between mi-
crocephaly and maternal Zika infection was confirmed [7]. Since 2015,
3563 cases of microcephalic newborns were reported in Brazil, mostly
in the state of Bahia (584 cases) [8].

Despite a substantial drop in the number of ZIKV cases since 2017,
the case rates for DENV and CHIKV have remained high in the country
[1]. Estimating the seroprevalence of arbovirus infection in pregnant
and postpartum women can aid our understanding of the dynamics and
scale of disease transmission. It can also provide information regarding
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populational susceptibility for future infection, especially in the context
of congenital transmission [9,10]. Accordingly, the present study aimed
to investigate the seroprevalence of ZIKV, DENV and CHIKV in puerperal
women at a maternity hospital located in Salvador, Bahia-Brazil.

Methods

The present cross-sectional study was conducted between September
and November 2017 at the Instituto de Perinatologia da Bahia (IPERBA),
a public maternity hospital located in Salvador, Brazil, more than a year
after the Zika virus outbreak in northeastern Brazil.

Consecutive asymptomatic pregnant women admitted for delivery
were recruited during hospitalization on weekdays (Monday through
Friday). Informed consent was obtained from all participants, or from
the mother’s legal guardian if the mother was not of legal age (i.e., a
minor).

Sociodemographic data and clinical information were obtained
through interviews. Data entry and data management were performed
using REDCap (Vanderbilt University, Nashville, TN, USA).

Biological samples were collected by health professionals at the ma-
ternity hospital following childbirth. For participants who consented to
blood draw, a single serum separator tube was used for collection, then
centrifuged and aliquoted, followed by storage at —80°C. Serological
testing was performed at the Gongalo Moniz Institute, Oswaldo Cruz
Foundation (IGM-FIOCRUZ) in Salvador-Brazil.

For serological analysis, the detection of specific anti-ZIKV, anti-
CHIKV and anti-DENV immunoglobulin G (IgG) antibodies was per-
formed using indirect enzyme-linked immunosorbent assays (ELISA)
(Euroimmun; Liiberg, Germany) in accordance with the manufacturer’s
protocols. Results were obtained by calculating the ratio between the op-
tical density of each patient sample compared to that of the calibrator
supplied with the kit, in which samples with a ratio <0.8 were consid-
ered negative, samples between >0.8 to <1.1 were considered border-
line, and samples with a ratio >1.1 were considered positive. All samples
with initial borderline results were retested twice.

Serological results for HIV, hepatitis B and C and syphilis were ob-
tained from medical records.

Ethical approval

This study was approved by the Institutional Review Board of
the Goncalo Muniz Institute, Oswaldo Cruz Foundation (protocol no.
51889315.7.0000.0040 /2016). All participants or their legal guardians
provided written informed consent.

Results

During the study period, 308 postpartum women were enrolled and
302 consented to blood draw. All were asymptomatic at the time of
hospital admission/enrollment.

Demographic and clinical characteristics

The median participant age was 26 years, interquartile range (21-
33). Most (92.4)% were mixed-race or black. Around 50% were sin-
gle and had completed high school. With regard to obstetric history,
108 (35.8%) were primigravidae and 76 (25.2%) reported previous mis-
carriage or abortion. The majority (90.7%) had no previous history of
chronic disease or comorbidities. Twenty (6.6%) participants reported
having hypertension, and four (1.3%) were diabetic. Twenty-five cases
(8.3%) of syphilis infection were detected, as well as one case of hep-
atitis B, but no cases of HIV infection were identified. The participants’
sociodemographic and clinical data are presented in Table 1.

The majority of the participants denied previous arboviral infection.
However, 67 (22.3%) reported a previous history of ZIKV infection, 34
(11.1%) DENV and 9 (3%) CHIKV infection.
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Table 1
Sociodemographic and clinical data on 302 postpartum women (Salvador,
Brazil-2017).

Characteristics n (%)
Median age, year (interquartile range) 26 (21-33)
Self-reported skin color
Black 122 (40.4)
Mixed-race 157 (51.9)
White 23 (7.6)
Other 0(0)
Education level
Grade school 93 (30.8)
High school 168 (55.6)
University 41 (13.6)
Household monthly income (units of Minimum Wage—MW)?
<1 MW 37 (12.3)
1 to 2 MW 157 (52.0)
3 to4 MW 52(17.2)
4 to 5 MW 11 (3.6)
>5 MW 3(1.0)
Unknown 42 (13.9)
Marital status
Single 148 (49.8)
Married 49 (16.2)
Divorced 1(0.3)
Common-law marriage 104 (34.4)
Obstetric history
Primigravida 107 (35.5)
Secundigravida 93 (30.9)
Multigravida 101 (33.6)

History of miscarriage/abortion
History of previous or chronic disease

76/194 (39.2)

None 273 (90.7)
Diabetes 4(1.3)
Hypertension 20 (6.6)
Hepatitis B 1(0.3)
Hepatitis C 0(0.0)
Syphilis 25(8.1)
HIV 0 (0.0)
Previous history of arboviral infection
Self-declared Zika infection 67 (22.3)
Self-declared Dengue infection 34 (11.3)
Self-declared Chikungunya infection 9(3.0)

2 Based on monthly minimum wage in 2017 (R$ 937.00, equivalent to US$
282.8)

Table 2
Arboviral serology of 302 postpartum women (Salvador, Brazil-2017).

Serology positivity N (%) Confidence interval
Anti-ZIKV IgG 172 (57) (51.33-62.44)
Anti-DENV IgG 275 (91.36) (87.44-93.89)
Anti-CHIKV IgG 23 (7.6) (4.90-11.20)

CHIKV, Chikungunya virus; DENV, Dengue virus; Ig, immunoglobulin; ZIKV,
Zika virus.

Arboviral serology

Antibodies against one or more of the three viruses were present in
283 (93.7%) out of 302 puerperal women; 172 (57%) tested positive
for anti-ZIKV IgG, 276 (91.4%) for anti-DENV IgG and 23 (7.6%) for
anti-CHIKV IgG (Table 2).

Most samples were positive for at least two arboviruses, with 155
(51.3%) were positive for both anti-Zika IgG and anti-Dengue-IgG, 9
(8.0%) were positive for DENV and CHIKV and 12 (4.0%) were positive
for all three arboviruses. (Figure 1).

Discussion
After the introduction of CHIKV and ZIKV viruses in Brazil, in 2014

[4] and 2015 [6] respectively, few studies have focused on the sero-
prevalence of these arboviruses in the country. The present investigation
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Figure 1. Serological detection of specific ZIKV, DENV and CHIKV im-
munoglobulin G antibodies in 302 postpartum women (Salvador-Brazil, 2017).
CHIKYV, Chikungunya virus; DENV, Dengue virus; ZIKV, Zika virus.

sought to provide information on previous exposure to arboviruses in a
region of the country that was greatly impacted by previous epidemics.
Moreover, the present sample consisted of women of childbearing age,
which serves to enhance our understanding of prior arbovirus trans-
mission in a population vulnerable to severe outcomes associated with
arbovirus infection, i.e., congenital infection due to ZIKV and CHIKV
infection during pregnancy.

In regions with a previous history of documented ZIKV outbreaks,
few serosurveys have been conducted. However, the available data is
suggestive of high viral circulation in affected communities. In French
Polynesia, a populational study found a seroprevalence of ZIKV IgG an-
tibodies in 49% of participants [11], while a study of blood donors in
Martinique revealed a seroprevalence of 42% [12]. Our results indicate
a higher level of seroprevalence (57%) in the population studied, which
is similar to another study carried out in Salvador, Brazil reporting 63%
seropositivity in a community cohort [13]- Information on the preva-
lence of ZIKV IgG antibodies in pregnant women is even more scarce
[14]. In Colombia, 89% of screened pregnant women tested positive for
ZIKV anti-IgG [15] compared to just 31% in Thailand [16].

The seroprevalence of dengue has been observed to be heterogenous
between continents, as well as among different regions inside Brazil
[17]. Regions in the Caribbean and Latin America have shown some
of the highest prevalence of dengue IgG, including 100% positivity
among a sample of pregnant women [18]. In Brazil, dengue seropreva-
lence studies have reported widely discrepant results among different
regions and over different periods, ranging from 3% to 97% [17,19].
The present rate of positivity for dengue (91.4%) in pregnant women
is similar to that reported by other Brazilian studies carried out in the
country’s northeastern region [20].

With regard to CHIKV seroprevalence, highly variable results have
been observed worldwide, ranging from 0.4% to 82% [15,17]. Studies in
Brazil carried out in the northeast have identified frequencies between
20% to 57% [21,22]. A cohort study conducted in the city of Fortaleza
(Ceara-Brazil) identified that 37.2% of women of childbearing age tested
positive for CHIKV IgG antibodies [23]. Herein, we observed a much
lower frequency of CHIKV IgG antibodies (7.6%), suggesting relatively
low CHIKV circulation in the city of Salvador, which corroborates find-
ings from a local populational study that reported a seroprevalence of
11.8% for CHIKV [24]. This finding is notable in that a high frequency
of women remain susceptible to future infection in the region presently
studied.

We observed a high discrepancy between the degree of awareness of
previous arboviral infection reported by our participants and the rates
of IgG positivity for each respective arbovirus. For example, just 11.1%
of the women believed that they had prior exposure to dengue, while we
observed a seropositivity rate of 91.4%. It is known that many arboviral
infections can present asymptomatically. Serosurveys investigating the
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rates of asymptomatic vs symptomatic patient presentations have indi-
cated that the majority of infections went unnoticed [25-27]. In French
Guiana, the proportion of symptomatic Zika infection reportedly varied
from 17% to 35% in pregnant women [28], with a much higher sero-
prevalence (77%). These data stand in agreement with the discrepant re-
sults found herein: just 22.3% of the women reported a previous history
of ZIKV infection, compared to 57% identified by serology for anti-ZIKV
IgG.

For serological evaluations, we employed commercial ELISA kits
with satisfactory specificities [29]. Even though, cross-reactivity among
flaviviruses (ZIKV and DENV) may have occurred since DENVs and ZIKV
share a high degree of similarity on the E and NS1 structural proteins,
which are used as antigens in indirect serological ELISA tests [30]. One
limitation of our study is the fact that neutralization testing, such as
the Plaque Reduction Neutralization Test (PRNT), was not performed.
Nonetheless, we believed that the prevalence rates for anti-ZIKV and
anti-DENV IgG we observed are pretty accurate since it’s similar to an-
other study carried out in Salvador, which performed both ELISA for
anti-ZIKV IgG and ZIKV PRNT. These authors identified a 63.3% preva-
lence of anti-ZIKV IgG and also found a 62.5% rate of neutralizing
antibodies against ZIKV, with high agreement (85.3%) between both
methodologies [31].

Our results indicate a very high prevalence of past ZIKV and DENV
infections in postpartum women, reinforcing the notion that the ZIKV
outbreak in 2015-2016 affected a large swath of the region’s popula-
tion, in addition to the known endemic circulation of DENV. The high
frequency of antibodies against these flaviviruses in the studied popula-
tion may be linked to the dramatic decline in ZIKV case numbers since
2017, despite the continued presence of the vector responsible for trans-
mission and the continued sporadic transmission of ZIKV reported in the
region.

No approved vaccines for CHIKV and ZIKV are available. However,
several preclinical candidates have been evaluated and some clinical tri-
als are in progress [32-34]. A licensed CHIKV vaccine is expected to be
released soon [35]. Currently, two licensed vaccines for DENV are avail-
able, and others have been tested in clinical trials [36]. It’s noteworthy
to mention that the determination of DENV pre-exposure (by IgG anti-
bodies) has been considered relevant in the context of dengue vaccine
Dengvaxia® since there is evidence of an excess risk of severe dengue
in IgG seronegative vaccine recipients [37,38]. With these new perspec-
tives on vaccination against DENV, CHIKV, and ZIKV, seroprevalence
studies are necessary and can contribute to guiding the prioritization of
target audiences for vaccine campaigns.

Our data shed light on the high rate of past arboviral infection among
postpartum women living in Salvador, Brazil. Considering that most ar-
boviral infections occur asymptomatically, together with the evidence
on potential risks to pregnancy and infant outcomes, the present results
highlight the need for continuous epidemiological surveillance of ar-
boviral disease, particularly among women residing in at-risk regions.
In addition, the findings further serve to indicate that many postpar-
tum women likely remain susceptible to future CHIKV infection, thus
necessitating the implementation of preventive and educational inter-
ventions.
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