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Abstract: Background: We sought to explain the seroprevalence of Zika Virus (ZIKV) as

a syndemic of socioeconomic, environmental, and health factors in a cohort of women

living in Brazil. Methods: This is a cohort study comprising 1498 women between 15 and

39 years of age followed up in two waves between February 2018 and August 2019. Two

questionnaires addressed the arbovirus’s socioeconomic, demographic, and behavioral

aspects and participants’ arbovirus infection history. Blood samples were collected to
detect IgM and IgG for ZIKV, chikungunya virus (CHIKV), and dengue virus (DENV), and
RT-PCR for ZIKV. Results: The baseline prevalence for ZIKV was 43% (95%CI: 40.5, 45.6),
increasing to 44.7% in the following period (95%CI: 42, 47.1). We found a prevalence
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of 44.1% among women having one syndemic factor, 49.9% for those having two, and
58% for women having three or more factors. Women reporting a single syndemic factor
resulted in higher odds of acquiring ZIKV (OR = 1.6, 95%CI: 1.2-2.4). There were increased
adjusted odds among women having two or three or more factors (OR = 2.1, 95%CI: 1.6-3.1;
OR =2.9, 95%CI: 2.0-4.3, respectively). Conclusions: Tailored interventions targeting
syndemic conditions, such as the co-circulation of urban arboviruses and poor living
conditions, are crucial to improving the burden produced by ZIKV.

Keywords: Zika virus infection; arboviruses; syndemic; women’s health; prevalence; Brazil

1. Introduction

Vector-borne diseases, like arboviruses, continue to be a major contributor to the
global burden of disease [1]. The increasing distribution of Aedes aegypti, the main vector
of arboviruses like dengue, chikungunya, yellow fever, and Zika, has been driven by the
displacement of human populations and rising temperatures due to climate change [2].
Climate change expands the range and accelerates the life cycle of Aedes aegypti, promoting
the spread of the vector and the disease in previously unaffected areas [2,3]. As such, they
represent a serious threat to the lives of almost half of the world’s population [4].

In 2022, 3,125,367 cases of arboviruses were reported in the Americas: 90% of cases
were dengue cases, 8.7% were chikungunya, and 1.3% were Zika cases. Those more than
3 million cases of arboviruses represent an increase of almost 120% compared to the same
period in 2021 (~1.5 million cases) [5].

Zika virus emerged as a global public health concern in 2015 and continues to pose
significant risks to women of childbearing age worldwide. The virus gained widespread
attention due to its association with severe birth defects, notably microcephaly, in infants
born to infected mothers [6]. The impact of Zika on women of reproductive age extends
beyond the risk of congenital malformations, raising crucial questions about reproductive
health, family planning, and overall well-being [7].

The Zika epidemic in Brazil, which began in 2015, generated global concern due to
the high number of reported cases and the subsequent rise in microcephaly [8]. Brazil’s
tropical climate, densely populated and impoverished urban areas, and abundant Aedes
mosquito populations provided favorable conditions for Zika transmission [9,10]. In
2022, 9204 probable cases of Zika were registered in the country, with the Northeast
Region, which is one of the poorest regions in the country, having the highest incidence
(13.3 cases/100,000 inhabitants) [11]. Furthermore, northeast Brazil reported the most
cases of congenital Zika syndrome (CZS) [11]. The association between ZIKV infection and
poverty, such as poor housing, inadequate water supplies, lower educational level, poor
sanitation and hygiene [12,13], inadequate food consumption [14], and previous coinfection
with other arboviral infections [15], provide evidence of the impact of social inequalities on
health [16].

In northeast Brazil, the Zika epidemic triggered a public health system crisis, placing
immense strain on healthcare systems and challenging existing infrastructure. Women of
reproductive age were particularly vulnerable, as they found themselves at the intersec-
tion of Zika’s potential consequences for maternal and child health and the constraints
on women’s reproductive autonomy and health system support, either for abortion or
ameliorative child development interventions for affected children [17,18].

Although there has been a significant reduction in the number of ZIKV infections in
recent years, Zika, chikungunya, and dengue have occurred in epidemic waves in several
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areas of the country, either together or separately. This co-infection and the intersection
of poverty, gender, and social norms lends itself to the examination of the problem as a
syndemic: multiple epidemics of disease, economic and social conditions, and physical
environment, each multiplying the individual effects of these factors. Singer characterizes
syndemics: “A syndemic ... involves a set of enmeshed and mutually enhancing health
problems that, working together in a context of noxious social and physical conditions,
can significantly affect the overall disease burden and health status of a population” [19].
Observing the epidemic from this perspective argues for a comprehensive approach in
response: one that takes into account not just parental support but broader efforts at vector
control, housing, water management and sanitation, and especially women’s reproductive
health and freedom.

The objective of this study was to explore these factors in a cohort of women of
childbearing age from an area periodically affected by dengue, chikungunya, and Zika in
Fortaleza, Cear4, the capital city of one of the states in the northeast region that has been
deeply affected by cases of Zika and congenital Zika syndrome (CZS).

2. Materials and Methods
2.1. Study Population

Our study draws on a larger cohort, “Zika in Fortaleza: Response of a cohort of women
aged 15-39 (ZIF)”. We recruited women of reproductive age (15-39 years) who lived in
areas highly vulnerable to arbovirus infection in Fortaleza, Ceard, Brazil, attending one of
four selected primary health care units (PHCUs).

Fortaleza is the largest city and capital of the state of Ceard. In 2017, the state had the
highest incidence rate of chikungunya (1271.0/100,000 inhabitants), the second highest
incidence rate of dengue (452.9/100 thousand inhabitants), and the fifth highest incidence
rate of Zika (16.8/100,000 inhabitants) in the country [20]. The city has one of the highest
population densities in Brazil (7786.44 inhabitants/km?). With an estimated population of
2,669,342 people [21], the city has 96 PHCU, among which 12 were staffed by physicians
from the Federal University of Ceard’s Family and Community Health’s Medical Residency
Program. Four of these PHCUs were chosen to participate in ZIF using geographic areas
with the highest reported number of CHIKYV cases reported in 2017 as a proxy for Zika
virus distribution [22].

Two of these PHCU are located in the Barra do Ceard, an urban neighborhood located
in the second most densely populated area of Fortaleza (Figure S1). The area has a very
low human development index (HDI = 0.22), with poor infrastructure, lack of sanitation,
difficulty in accessing water, unpaved streets, and solid household waste, all of which are
favorable conditions for the proliferation of Aedes aegypti. The third PHCU is located in the
Esperanca neighborhood, which has a population of 16,405 inhabitants and an HDI of 0.29.
The fourth PHCU is located in the area of Rodolfo Teéfilo, which has 19,114 inhabitants
and an HDI of 0.48, the highest of the four units.

Inclusion criteria for the participants were women who were (1) living in one of the
chosen PHCU catchment areas; (2) aged 15-39 years (because of the higher probability
of having a pregnancy); (3) sexually active (at least one sexual relationship during the
last 12 months); (4) no tubal ligation or health problem that would affect pregnancy; and
(5) agreeing to participate in the study. The sample size was calculated based on the
following parameters: the probability of becoming pregnant estimated at 8.3% (£2) (total
live births divided by the estimated sexually active female population multiplied by 100);
a design effect (deg) of 2; a 95% confidence interval (CI) calculated using the formula
721 — /2 and 20% for loss to follow-up. The final sample size was 1752 women. During



Trop. Med. Infect. Dis. 2025, 10, 67

the data collection, we decided to reduce the sample size since the pregnancy rate (20%) for

the women in our sample was much higher than we expected.

2.2. Data Collection

This study consisted of two cohort waves. The first was collected from 28 February
to 30 October 2018, and the second was conducted from November 2018 to August 2019.
In the second wave, we interviewed a total of 1176 women, a loss of 21.5% compared to

the baseline.

A semi-structured questionnaire was used to collect the data from the participants
using the following explanatory blocks: Block 1—Socioeconomic and demographic fac-
tors (age; educational level; socioeconomic status; water storage); Block 2—Health-
related behaviors (prenatal visit; repellent use mode; knowledge about Zika prevention);
Block 3—Medical history (was pregnant; Chikungunya virus infection) (see Figure 1). A
computer-assisted personal interview was performed with Survey Monkey software (Sur-
vey Monkey, Inc., Palo Alto, CA, USA) to collect information for the questionnaire.

Block 1- Sociodemographic and socioeconomics

Age Group

Educational Level
Socioeconomic Status”

‘Water Storage

Y

Block 2 - Health-related behaviors
Prenatal visit
Repellent use mode
Knowledge about ZIKA prevention

Block 3- Medical history
_ Was Pregnant
" Chikungunya Virus Infection

v

ZIKY infection

I 3

Figure 1. Theoretical framework of a hierarchical explanatory model for ZIKV infection in a cohort
of women of reproductive age, Fortaleza, Brazil, 2018-2019. Notes: # ABEP Brazilian Association
of Research Organizations. T Self-report of family history of arbovirus infection chikungunya virus,

dengue virus, or Zika virus.

2.3. Laboratory Tests

We collected two 5 mL vacutainer tubes (without anticoagulant) of peripheral venous
blood from each participant. Blood specimens were collected regardless of pregnancy status
or if the participant had symptoms of fever, rash, or other signs of arbovirus infection. Sera
were separated by centrifugation at 1000x g for 10 min, aliquoted, and stored at —20 °C and
—70 °C for ELISA. Specimens were tested for IgM and IgG anti-ZIKV, DENV and CHIKV
at the Ceara State Reference Public Health Laboratory (LACEN-CE) and Mycobacterium
Laboratory (School of Medicine, Federal University of Ceara) using EUROIMMUN ELISA
kit (EUROIMMUN Medizinische Labordiagnostika AG, Liibeck, Germany), according to
the manufacturer’s instructions and previous publications [23]. The reaction was stopped
by adding 100 pL/well 0.5 M H,SO4 and waiting 30 min. Microplates were read at 450 nm
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on an ELISA reader (Wuxi Hiwell Diatek Instruments, Wuxi, China). Euroimmun IgM/IgG
assays are widely used commercial ELISA tests. They have demonstrated high sensitivity,
from 92.3% to 100% sensitivity, allowing earlier detection [24,25]. Cross-reactivities with
other flaviviruses were overcome using differential diagnosis and algorithm interpretation.
Indeterminate results were repeated.

Using an enzyme-linked immunosorbent assay (ELISA), a recent case of ZIKV infection
was defined by all those women having samples of ZIKV-specific IgM antibodies detected
in serum samples. Previous ZIKV infections were defined as women having ZIKV-specific
IgG antibodies. CHIKYV infection was defined using the same standard definition (i.e.,
IgM and IgG). As sensitivity analyses, we compared the differential diagnosis, as per
tandem determination of IgM ELISA for both dengue and Zika Viruses, according to the
C-algorithm of the Guidelines for Surveillance of Zika Virus (Figure 2) [26].

)
Undetermined ZIKV Negative ZIKV IgG P
IgG AND ZIKV IgM AND ZIKV PCR Positive ZIKV PCR P‘fr'\:'l‘)’eN?:a\t/i\'lgeM Positive ZIKV 1gG
AND ZIKV PCR AND ZIKV IgM (n=40) DENV IgM (n=10) (n=602)
(n=122) (n=708)
1st wave [
(N=1496)
\/
Positive ZIKV case
1st wave (n=626)
-—J
— \ \
Undetermined ZIKV : e
o Positive ZIKV IgM
2nd wave IgG AND ZIKV IgM Negative ZIKV 19G Positive ZIKV IgG SIV 19
N=1173 AND ZIKV IgM n=131) AND Negative
Ut AND IV el (n=733) (n= DENV IgM (n=3)
(n=74)
-— J
\i

Undetermined ZIKV
case (n=74)

Positive ZIKV
case (n=649)

Negative ZIKV
case (n=733)

Figure 2. Algorithm for case definition of ZIKV infection according to laboratory results of the
ZIF-cohort, Fortaleza, Brazil, 2018-2019. Notes: IgM or IgG anti-ZIKV, and anti-DENV, or RT-PCR
anti-ZIKV and anti-DENV; N.B. 2nd wave tests produced fewer indeterminate results and women
were reclassified according to the new lab results following the algorithm.

We needed to account for differences in diagnoses because participants were exposed
to the simultaneous co-circulation of other arboviruses, which might enable cross-reactions
with historic genetically related flavivirus infections (especially DENV).

Due to funding constraints, we only conducted RT-qPCR for ZIKV in the first wave.
Total viral RNA was extracted from 140 pL of serum with the QlAamp Viral RNA Mini
Kit (Qiagen NV, Hilden, Germany) according to the manufacturer’s recommendations.
Extracted RNA was aliquoted and stored at —70 °C. The quality of each RNA sample was
assessed by the 260/280 nm ratio. A 5 pL aliquot of RNA from each sample was used for
the detection of viral RNA with the ZDC kit (Zika, dengue, and chikungunya) Multiplex
RT-qPCR Assay (Bio-Rad Laboratories, Hercules, CA, USA). The ZDC kit consists of a
single multiplex reaction for the three viruses, performed according to the manufacturer’s
recommendations and previous publications [27,28]. Assays were performed on the Ap-
plied Biosystems 7500 Fast Real-Time PCR System (Applied Biosystems, Waltham, MA,
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USA) using the fluorophores ZIKV-FAM, CHIKV-HEX, DENV-Texas Red, and Internal
Control-Cy5. The 25 pL reaction mix consisted of iTaqTM Universal Probes One-Step
Reaction Mix, iScriptTM Reverse Transcriptase, ZDC Multiplex PCR Assay Mix, viral
nucleic acid template, and water. The amplification conditions were as follows: step 1 at
50 °C for 15 min; step 2 at 94 °C for 2 min; and step 3 of 45 cycles of 94 °C for 15 s, 55 °C
for 40 s, and 68 °C for 30 s. In each run, negative (no template) and positive controls for
ZIKV, DENV, and CHIKV were added. In addition, internal positive controls for ZIKV,
DENYV, and CHIKV were added to each sample. We interpreted the results as positive if the
reaction generated an exponential curve that crossed the threshold set manually at each
run. The ZIKV result was considered positive when the reaction generated an exponential
curve that crossed the defined threshold at <38.50 cycles, while DENV was defined as
positive if the crossing threshold (Ct) < 37.36 [27].

Our study protocol was approved by the Committee of Ethics of the Federal University
of Ceard (#2,497,069). All women who were eligible and participated in the study read and
signed the Free and Informed Consent Form (ICF) before the collection of clinical data and
biological samples.

2.4. Statistical Analysis

Our analytical sample consisted of 1382 women after eliminating indeterminate labo-
ratory results and missing information for ZIKV, CHIKV, and DENV (missing data = 7.6%).
We calculated the prevalence of ZIKV in both waves. The descriptive analysis compared
the absolute and relative frequencies of the variables associated with the prevalence of
ZIKV. We used Pearson’s Chi-square test, utilizing a significance level of p < 0.05.

We adapted a previously proposed conceptual framework to analyze our data [29,30]
(Figure 1). Bivariate analyses were performed for all variables in the three blocks. Block
Number 1 was the first to be analyzed; as socioeconomic and demographic variables,
they are considered the most distal in the transmission of Zika. The variables that were
statistically significant at the 0.05 level in the final multivariate analysis for this block
remained in the final model. For the other blocks, the variables that remained significant up
to 0.20 were examined in a multivariate analysis internal to the block. In the final model, all
variables that were statistically significant, adjusted for socioeconomic and demographic
variables, were considered determinants of Zika infection.

The last step of the analysis was to identify syndemic factors associated with an in-
creased probability of ZIKV infection, using univariate and multivariate logistic regression
models. The term syndemic is used to describe the cumulative effect of one or more dis-
eases that occur in the same time period and space, commonly within socioenvironmental
contexts of inequality that promote the grouping of conditions and greater vulnerabilities
in disadvantaged populations, according to Singer’s definition [15]. Following analysis, we
considered the syndemic factors in our analysis as follows: (1) having incomplete elemen-
tary education or being illiterate, (2) storing water at home, and (3) having a family history
of arbovirus infection (see below). The prevalence of neither, one, two, or three conditions
co-occurring simultaneously were considered as syndemic factors for ZIKV infection.

We estimated predictive margins with their respective 95%Cls. We considered the
results to be statistically significant at p < 0.05. All analyzes were performed using Stata
Statistical Software: Release 16. (StataCorp LLC, College Station, TX, USA).

3. Results
3.1. Prevalence of ZIKV, DENV, and CHIKYV Infection

The overall prevalence of past and current ZIKV infection in the first wave
was 43% (95%CI: 40.5-45.6), while the prevalence in the second wave increased to
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44.7% (95%Cl142-47.1) (Table 1). For CHIKYV, we estimated prevalence to be 36.8%
(95%CI: 34.3-39.2) in the first wave and 38.1% (95%Cl: 35.6—40.6) in the second. DENV had
the highest prevalence: 87% (95%CI: 85.1-89), and 88.7% (95%CI: 97-90.2) in the first and
second wave, respectively (Table 1).

Table 1. Characteristics of women in the first and second wave of the ZIF cohort, Fortaleza, Brazil,
2018-2019.

Wave 11 (n = 1496) Wave 2 t (n =1173)

Laboratory Variables
n (o/o) 95%CI n (0/0) 95%CI
ZIKV infection
IgG 602 (41.4) (38.8-43.9) 131 (15.1) (43.9-49.6)
IgM 10 (0.7) (0.4-1.3) 5(0.7) (0.3-1.6)
RT-PCR 40 (3.1) (2.3-4.2) - -
Total Prevalence ** 626 (43.0) (40.5-45.6) 649 (44.7) (42-47.1)
CHIKY infection
IeG 434 (29.8) (27.5,32.3) 218 (29.5) (26.4,32.9)
IgM 148 (10.2) (8.7,11.8) 35 (4.7) (3.4, 6.6)
RT-PCR 42 (3.3) (2.4,4.4) - -
Total Prevalence ™ 538 (36.8) (34.3,39.2) 558 (38.1) (35.6, 40.6)
DENYV infection
IgG 1255 (86.2) (84.3, 88) 595 (80.2) (77.2, 82.9)
IgM 41 (2.8) (2.1, 4) 82 (11.1) (9,13.5)
RT-PCR 51 (4) (3.1,5.2) - -
Total Prevalence ** 1266 (87) (85.1, 89) 1292 (88.7) (87,90.2)

Notes: T IgM and IgG Antibodies detected by ELISA test and real-time reverse polymerase chain reaction assay
(RT-PCR). ** Total prevalence ZIKV infection and CHIKV infection, detected for Antibodies detected by ELISA
test and real-time reverse polymerase chain reaction assay (RT-PCR), according to WHO algorithms [22].

3.2. Factors Associated with ZIKV

Women aged between 20 and 29 or 30 and 39 years had 1.53 and 1.59 higher odds of
ZIKV infection, respectively, compared with those aged 15 to 19 years (Table 2). Women
with lower levels of education, who lived in disadvantaged socioeconomic backgrounds,
had one or more children, had to store water in the house, had prior CHKYV infections, had
a self-reported family history of arbovirus infections, and reported incorrectly or did not
use repellant had higher odds of ZIKV infection (Table 2). On the other hand, women who
were pregnant at the time of the interview, visited prenatal care services or knew one or
more ZIKV prevention had lower chance of ZIKV infection (Table 2).

Table 2. Associated factors with the Prevalence of ZIKV infection in the women of reproductive age
cohort, Fortaleza, Brazil, 2018-2019.

et T
Variables Positive ZIKV Crude OR p-Value 1t
n (0/0) 95%Cl1 OR 95%CI
Socioeconomic and demographic
Age group (n = 1382) n =649
15t0 19 111 (38.4) (32.9,44.1) 1 1 0.005 *
20 to 29 334 (48.9) (45.2,52.7) 1.53 (1.16,2.03) **
30 to 39 204 (49.8) (44.9,54.6) 1.59 (1.17,2.16) **
Self-identified race or skin color (n = 1373) (n = 647) 0.45
White 70 (44.3) (36.8, 52.1) 1 1
Non-white 577 (47.5) (44.7,50.3) 1.13 (0.81, 1.59)
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Table 2. Cont.
Variables Positive ZIKV * Crude OR p-Value '
n (%) 95%CI OR 95%CI

Educational Level (n = 1381) 0.01 **

Complete elementary or less 243 (51.9) (47.4,56.4) 1 1

High school or higher 405 (44.4) (41.2,47.6) 0.74 (0.59, 0.92)

Socioeconomic status (n = 1392) n =649
A, B and C1 (Higher) 258 (43.2) (39.3,47.2) 1 1 0.05
C2 (Middle) 300 (49.3) (45.2,53.2) 1.27 (1.01, 1.60)
D and E (Lower) 91 (51.7) (44.3,59.2) 1.41 (1.02,2.0)

Beneficiary of Cash Transfer n = 649

Program (n = 1382)
Yes 365 (48.4) (44.8,51.9) 1 1 0.23
No 284 (45.2) (414,49.1) 0.88 (0.71, 1.09)

Beneficiary of State Social Programs

(n= 1373)y i n =647
Yes 377 (48.2) (44.6,51.6) 1 1 0.38
No 270 (46.0) (41.8,49.8) 0.91 (0.73,1.13)

Employment Situation (n = 1382) n =649
Not working or unemployed 411 (45.8) (42.5, 49) 1 1 0.27
Employed 238 (49.2) (44.7,53.6) 1.16 (0.90, 1.48)

Number of Children (n = 1379) n =647
None 161 (41.0) (36.1, 46.0) 1 1 0.01 **
1 239 (48.6) (44.1,53) 1.36 (1.05,1.79) **
2 or more 247 (50.1) (45.9, 54.6) 1.45 (1.11, 1.90) **

Household Residents (n = 1381) n = 649
<4 257 (44.9) (40.8, 48.9) 1 1 0.17
>4 392 (48.5) (45.2,52.0) 1.16 (0.93, 1.44)

Household characteristics

Water source (n = 1375) n =646
Public System 564 (46.1) (43.3,48.9) 1 1 0.07
Well or spring 82 (54.0) (46, 61.7) 1.37 (0.97,1.92)

Street Condition (n = 1382) n = 649
Paved 546 (48.0) (44.9,50.7) 1 1 0.14
Not Paved 103 (43.0) (36.6,49.1) 0.81 (0.61, 1.08)

Water storage needed (n = 1378) n =652
No 438 (45.1) (42, 48.2) 1 1 0.03*
Yes 209 (51.5) (47,56.3) 1.30 (1.02, 1.63)

Garbage collection (n = 1368) n =642
Twice a week or more 629 (46.6) (43.9, 49.3) 1 1 0.05
Once a week 13 (68.4) (45.1,85.1) 2.48 (0.78, 0.97)

Medical History

Pregnant at the interview (n = 1372) n =645
No 546 (49.6) (46.6, 52.6) 1 1 0.0001 ***
Yes 99 (36.5) (31.0, 42.4) 0.59 (0.44, 0.77)

Chikungunya virus infection (n = 1382) n =649
Negative 372 (43.4) (40.1, 46.7) 1 1 <0.001 ***
Positive 277 (649) (48.4,57) 1.45 1.17,1.81

Self-report of Family History of Arbovirus n = 649

Infections # (n = 1299)
No 218 (39.6) (35.6,43.8) 1 1 0.001 ***
Yes 431 (51.8) (48.4,55.2) 1.64 (1.31, 2.04)
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Table 2. Cont.
s T
Variables Positive ZIKV Crude OR p-Value
n (%) 95%CI OR 95%CI

Health-related behaviors

Reported prenatal care (1372) n =645
No or not pregnant 553 (49.5) (46.5,52.4) 1 1 0.001 ***
Yes 84 (35.3) (29.5,41.6) 0.56 (0.42,0.74)

Repellent use (1372) n=:614
Correctly 87 (38.0) (32, 44.5) 1 1 0.001 ***
Incorrectly or not use 527 (49.2) (46.3,52.2) 1.58 (1.18,2.12)

Knowledge about Zika prevention B

(n = 1382) n=649
None 191 (51.6) (46.5,56.7) 1 1 0.03 *
One or more 458 (45.3) (42.3,48.3) 0.77 (0.61, 0.98)

Notes: T IgM and IgG Antibodies detected by ELISA test and real-time reverse polymerase chain reaction assay
(RT-PCR). ** Significant differences detected according to bivariate logistic regression analysis. * pv < 0.05;
* pv < 0.01; ** pv < 0.001. # Self-report of family history of arbovirus infection Chikungunya virus, dengue virus
or Zika virus. OR = odds ratios, CI = confidence intervals.

The multivariate regression model showed that older age, lower educational attain-
ment, water storage, lack of repellent usage, and previous history of CHIKV infection were
found to be strong predictors of ZIKV infection. Pregnant women who reported prenatal
visits to health care units were found to have lower odds of ZIKV infection (Table 3).

Table 3. Multivariate model of factors associated with the ZIKV infection in the ZIF-cohort of women
of reproductive age in Fortaleza, Brazil, 2018-2019.

Block 3
95%CI

Block 1
95%CI

Block 2
95%ClI

Variables

OR OR OR

Age group
15to 19 1 1
20to 29 1.64 (1.24,2.19) ***
30 to 39 1.72 (1.26,2.35) ***
Educational Level
Elementary complete or less 1 1
Complete High School or higher 0.70 (0.56, 0.90) **
Water storage
No 1 1
Yes 1.29 (1.02,1.64) *
Reported prenatal visits
No or not pregnant 1 1
Yes 0.60 (0.44, 0.82) **
Repellent use
Correctly 1 1
Incorrectly or not use 1.39 (1.02,1.88) *
Family history of arboviruses
Negative 1 1
Positive 1.42 (1.13,1.79) *

Notes: Significant differences detected according to multivariate logistic regression analysis; Wald test;
***p <0.001, **; p < 0.01 and *; p < 0.05. Self-report of family history of arbovirus infection.

3.3. Syndemic Factors for ZIKV Infection

Worse environmental conditions such as water storage at home, self-reported family
history of arboviruses, and lower educational attainment were associated with increased
odds of acquiring ZIKV infections. The presence of only one factor had 1.6 times greater



Trop. Med. Infect. Dis. 2025, 10, 67

10 of 14

odds of infection while presenting two and three of the conditions had 2.1- and 2.9-times
higher odds of infection, respectively, compared to those women presenting no syndemic
factors (Figure 3).
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Figure 3. Predictive margins and marginal effect for syndemic factors of the prevalence of ZIKV
infection according to laboratory results (following the algorithm for case definition in Figure 2), ZIF
cohort, Fortaleza, Brazil, 2018-2019. Notes: OR (95%CI) = Odds Ratio (elementary complete or less
education, water storage, and self-report of family history of arbovirus infections). Pr = marginal
probability of multivariate logistic regression; Ref = reference category.

4. Discussion

We found a prevalence of past or current ZIKV infection greater than 40% among our
cohort of reproductive-age women in Ceard, Brazil. A systematic review that estimated
the prevalence of asymptomatic Zika virus infection in the general population ranged
from 23% in French Guiana to 60% in Zambia [31]. Our result is more than double the
pooled prevalence of ZIKV infection across the world (18%; 95%CI: 12-25) but is consistent
with prevalence observed in the region of the Americas (34%, 95%CI: 24-45), the highest
reported among the WHO regions. Brazil was particularly affected and reported the highest
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prevalence of congenital Zika syndrome during this period [32]. Studies conducted among
cohorts of pregnant women in Brazil reported a ZIKV prevalence of 61% in Recife [26] and
Salvador [9] and 53% in Rio de Janeiro [33]. It is possible that the higher prevalence in these
two cities is due to the population selected since pregnant women are more likely to be in
prenatal care and more likely to be tested for arboviral infections.

To the best of our knowledge, this is the first study to show the syndemic association
with co-circulation of arboviruses in a specific population of women of reproductive age
living in areas vulnerable to ZIKV infection. We demonstrate how impoverished living
conditions, low levels of education, and family history of previous arbovirus infection were
associated with a higher prevalence of ZIKV. Our evidence highlights the high vulnerability
of our targeted population due to low education and the poor living conditions of the
women in our cohort.

Among the factors we found associated with a higher prevalence of ZIKV infection
were poor housing conditions and water storage together with poverty and inadequate
health and domestic hygiene. In contrast, women in our sample who were pregnant at the
time of the interview and those in prenatal care who used repellent correctly and knew
at least one ZIKV prevention method had lower adjusted odds of ZIKV infection. This
is of special interest given that so much of health coverage and promotion, especially on
TV, focused on microcephaly and the risks to pregnant women. Although not formally
evaluated, this may have generated increased repellant use and other mosquito avoidance
behaviors, generating our results.

Syndemic factors such as poor environmental conditions, low educational levels, and
co-circulation of arboviruses have been shown to be strong predictors of poorer health
levels in women of reproductive age. A syndemic approach recognizes that diseases in a
population occur neither independently of social and ecological conditions nor in isolation
from other diseases. There is constant interaction that can result in the clustering of diseases
and enhancement at the community or population levels and direct biological interaction of
disease pathologies at the individual and even cellular levels [15]. The growing literature on
syndemics parallels the growing awareness of structural, social, and economic determinants
of health. Certainly, ecological and human factors appear to play a role in determining the
increased incidence of vector-borne diseases [34].

The Brazilian Surveillance System recommends conducting monitoring for the timely
detection of DENV, CHIKYV, and ZKYV to detect possible changes in the pattern of circulation
of these arboviruses [35]. Furthermore, the surveillance system guidelines also recommend
monitoring the occurrence of Zika in pregnant women and cases of neurological mani-
festations possibly related to previous infection with these arboviruses. Like dengue and
chikungunya, Zika should receive priority care in Primary Health Care. The Brazilian
Surveillance System also recommends the installation of mosquito nets and protective
structures at home, such as screens on windows and doors, and, especially for pregnant
women, the use of clothes that minimize exposure and provide protection from vector
bites, such as pants and long-sleeved shirts. These measures may be impractical due to the
high temperature characteristic of these areas closer to the equator, which are also the most
affected by arboviruses [18].

Future research, beyond monitoring the long-term effects of arbovirus infection on
women’s health, should attempt to understand the mechanism of syndemic effects or at
least translate these intersectional effects into intervention design. Simple recommendations
for mosquito avoidance are not sufficient to interrupt the regular outbreaks of arbovirus
infection in Brazil and elsewhere in the world where mosquitoes thrive. The best control
efforts adopt a socio-ecological model [36] that integrates individual, community, city,
and society-level interventions, focused on mosquito control, fever monitoring, health
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infrastructure, and enhanced care-seeking, household and community development with
food security, and substantial societal engagement.

Our study has some shortcomings. RT-PCR for confirmation of ZIKV, DENV, and
CHIKYV were difficult to perform in the second wave due to cost restrictions that may lead
to underestimation of arbovirus infections in our study’s second wave.

The strength of the paper is to show that the high prevalence of ZIKV in women
living in vulnerable areas continues to be a public health problem in Brazil. ZIKV among
women is mainly determined by syndemic conditions such as co-circulation of urban
arboviruses and poor living conditions. Although the Ministry of Health has launched
guidelines with recommendations for Zika-related care in the context of family planning,
including prenatal and child care [37], there are still great obstacles faced by the most
vulnerable women in obtaining information and access to effective contraceptive methods,
including safe abortion [38]. Simultaneously, these recommendations are just launched as
declarative messages rather than as part of systematic health education and promotion,
missing opportunities to understand the syndemy of structural causes, community issues
including failing infrastructure and services, the severity and causes of ongoing mosquito
infestation, and other factors that might lead to effective change, individual and societal.
Understanding the unique challenges faced by this population is essential for implementing
effective strategies to mitigate the long-term implications of Zika.

Supplementary Materials: The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390/ tropicalmed10030067/s1, Figure S1: Location of the study
area and chosen health posts in the neighbourhoods of Barra do Cearé (black and grey dots), Rodolfo
Teofilo (green dot) and Conjunto Esperanga (blue dot), Fortaleza, Brazil, 2017.

Author Contributions: L.K., C.S.-S. and C.K. conceived the study; L.K., CK. and M.L. designed
the study protocol; C.C.F, EG.S.C.,L.D.,, M.T.A. and A.EM. carried out the clinical assessment and
collection of blood samples; EG.S.C., C.C.E,S.T.S.d.L., LM.S.M. and EM.A. carried out the analysis of
the laboratory immunoassays. LK., C.S.-S., K.A,, M.H.S,, L. A. and C.K. analyzed and interpreted the
data; LK., C.S.-S., CK. and A.Z.d.S. drafted the manuscript; RL.Ed.A., FH.C.C,,1.C.B.C., R.d.J.PN,,
KA,EGSC,TdM]JSL,Md.GT,JS,GLW,RB,GWR,AZdS.,LdLN.and I.C.B.C. critically
revised the manuscript for intellectual content; L.K. and C.K. designed the paper. All authors have
read and agreed to the published version of the manuscript.

Funding: This work was supported by the National Council for Scientific and Technological Devel-
opment, Brazil (grant # 440778/2016-6; 350167/2022-2 and 312493/2021-5); the Higher Education
Personnel Improvement Coordination, Brazil (grant # 88881.130806/2016-01 and 88887.130795/2016-00);
and the Cearense Foundation to Support Scientific and Technological Development, Ceard, Brazil
[grant # 3898920/2017].

Institutional Review Board Statement: This research complied with resolution 466/12 on ethics
in research involving human beings. The study protocol was approved by the Research Ethics
Committee of the Federal University of Ceara (#2,497,069). All eligible participants were informed
about the objectives of the study and provided signed informed consent prior to participation. If the
interviewee was illiterate, a nurse read the informed consent in the presence of two witnesses, who
signed it. In the case of adolescents under 18 years of age (15-18), parents or guardians were asked to
obtain authorization. Participants who refused blood collection signed a withdrawal form and no
longer participated in the study.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are available upon request of corresponding authors for legitimate

scientific use.


https://www.mdpi.com/article/10.3390/tropicalmed10030067/s1

Trop. Med. Infect. Dis. 2025, 10, 67 13 of 14

Acknowledgments: We thank the Laboratory of Mycobacteria of the Federal University of Ceara
for their support in the processing and storage of biological samples. We also thank all the women
who participated in this study for their contributions to our knowledge of arboviral disease and life
in Fortaleza.

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

References

1.  Campbell-Lendrum, D.; Manga, L.; Bagayoko, M.; Sommerfeld, J. Climate change and vector-borne diseases: What are the
implications for public health research and policy? Philos. Trans. R. Soc. B Biol. Sci. 2015, 370, 20130552. [CrossRef] [PubMed]

2. Kraemer, M.U,; Reiner, R.C,, Jr.; Brady, O.].; Messina, J.P; Gilbert, M.; Pigott, D.M.; Yi, D.; Johnson, K.; Earl, L.; Marczak, L.B.; et al.
Past and future spread of the arbovirus vectors Aedes aegypti and Aedes albopictus. Nat. Microbiol. 2019, 4, 854-863. [CrossRef]

3. Liu, B.; Gao, X.; Ma, J.; Jiao, Z.; Xiao, ].; Hayat, M.A.; Wang, H. Modeling the present and future distribution of arbovirus vectors
Aedes aegypti and Aedes albopictus under climate change scenarios in Mainland China. Sci. Total Environ. 2019, 664, 203-214.
[CrossRef] [PubMed]

4.  Bhatt, S.; Gething, PW.; Brady, O.].; Messina, ].P,; Farlow, A.W.; Moyes, C.L.; Drake, ] M.; Brownstein, ].S.; Hoen, A.G.; Sankoh, O.;
et al. The global distribution and burden of dengue. Nature 2013, 496, 504-507. [CrossRef]

5. PAHO. Epidemiological Update: Dengue, chikungunya and Zika Washington; Pan American Health Organization: Washington, DC,
USA; World Health Organization: Geneva, Switzerland, 2023.

6. Ximenes, R.A.d.A.; Miranda-Filho, D.d.B.; Montarroyos, U.R.; Martelli, CM.T.; Aratjo, T.V.B.D.; Brickley, E.; Albuquerque,
M.D.EPM.D.; Souza, W.V.; Ventura, L.O.; Ventura, C.V,; et al. Zika-related adverse outcomes in a cohort of pregnant women with
rash in Pernambuco, Brazil. PLoS Neglected Trop. Dis. 2021, 15, e0009216. [CrossRef] [PubMed]

7. Teixeira, M.G.; da Conceicao NCosta, M.; de Oliveira, W.K.; Nunes, M.L.; Rodrigues, L.C. The epidemic of Zika virus-related
microcephaly in Brazil: Detection, control, etiology, and future scenarios. Am. J. Public Health 2016, 106, 601-605. [CrossRef]

8. WHO. ZIKA Epidemiology Update; World Health Organization: Geneva, Switzerland, 2022.

9. Nery, N,, Jr.; Aguilar Ticona, ].P.; Gambrah, C.; Doss-Gollin, S.; Aromolaran, A.; Rastely-Jtnior, V.; Lessa, M.; Sacramento, G.A;
Cruz, J.S.; de Oliveira, D.; et al. Social determinants associated with Zika virus infection in pregnant women. PLoS Neglected Trop.
Dis. 2021, 15, e0009612. [CrossRef]

10. Dalvi, A.P.R,; Gibson, G.; Ramos, A.N., Jr.; Bloch, K.V.; Sousa, G.d.S.d.; da Silva, T.L.N.; Braga, ].U.; Castro, M.C.; Werneck, G.L.
Sociodemographic and environmental factors associated with dengue, Zika, and chikungunya among adolescents from two
Brazilian capitals. PLoS Neglected Trop. Dis. 2023, 17, €0011197. [CrossRef]

11. Sadde SdVe (Ed.) Boletim Epidemioldgico Sindrome Congénita Associada a Infecgdo Pelo Virus Zika; Ministério da Satide: Brasilia,
Brazil, 2022.

12.  Campos, M.C.; Dombrowski, J.G.; Phelan, J.; Marinho, C.R.F,; Hibberd, M.; Clark, T.G.; Campino, S. Zika might not be acting
alone: Using an ecological study approach to investigate potential co-acting risk factors for an unusual pattern of microcephaly in
Brazil. PLoS ONE 2018, 13, e0201452. [CrossRef]

13.  Souza, W.V.d.; Albuquerque, M.d.FPM.d.; Vazquez, E.; Bezerra, L.C.A.; Mendes, A.D.C.G.; Lyra, TM.; Araujo, T.V.B.D.; Oliveira,
A.LS.D,; Braga, M.C.; Ximenes, R.A.D.A_; et al. Microcephaly epidemic related to the Zika virus and living conditions in Recife,
Northeast Brazil. BMC Public Health 2018, 18, 130. [CrossRef]

14. Barbeito-Andrés, J.; Pezzuto, P; Higa, L.; Dias, A.A.; Vasconcelos, ].M.; Santos, T.M.P.; Ferreira, ].C.C.G.; Ferreira, R.O.; Dutra,
FF; Rossi, A.D.; et al. Congenital Zika syndrome is associated with maternal protein malnutrition. Sci. Adv. 2020, 6, eaaw6284.
[CrossRef]

15. Singer, M. The spread of Zika and the potential for global arbovirus syndemics. Glob. Public Health 2017, 12, 1-18. [CrossRef]
[PubMed]

16. Morano, J.P.; Holt, D.A. The social determinants of health contextualized for the Zika virus. Int. J. Infect. Dis. 2017, 65, 142-143.
[CrossRef] [PubMed]

17. Diniz, D. Zika virus and women. Cad. Saude Publica 2016, 32, €00046316. [PubMed]

18. Stolow, J.; Kendall, C.; Pinheiro, EM.L.; da Rocha Feitosa, M.C.; de Almeida Furtado, K.A.; Martins, A.E; Dos Santos, M.P.A.;
Ellery, A.E.L.; Dias, L.; de Holanda Barreto, I.C.; et al. Fertility decision-making during the Zika virus epidemic in Brazil: Where
is the decision? Sex. Reprod. Healthc. 2022, 32, 100722. [CrossRef]

19.  Singer, M. Introduction to Syndemics: A Critical Systems Approach to Public and Community Health; John Wiley & Sons: Hoboken, NJ,
USA, 2009.

20. Ceard IdPeEEd (Ed.) Perfil Municipal de Fortaleza Tema VIII: O Mapa da Extrema Pobreza; Secretaria do planejamento e Gestao
Fortaleza: Fortaleza, Brazil, 2012.

21. IBGE. Projecoes da Populagio; Instituto Brasileiro de Geografia e Estatistica: Brasilia, Brazil, 2020.


https://doi.org/10.1098/rstb.2013.0552
https://www.ncbi.nlm.nih.gov/pubmed/25688013
https://doi.org/10.1038/s41564-019-0376-y
https://doi.org/10.1016/j.scitotenv.2019.01.301
https://www.ncbi.nlm.nih.gov/pubmed/30743113
https://doi.org/10.1038/nature12060
https://doi.org/10.1371/journal.pntd.0009216
https://www.ncbi.nlm.nih.gov/pubmed/33684110
https://doi.org/10.2105/AJPH.2016.303113
https://doi.org/10.1371/journal.pntd.0009612
https://doi.org/10.1371/journal.pntd.0011197
https://doi.org/10.1371/journal.pone.0201452
https://doi.org/10.1186/s12889-018-5039-z
https://doi.org/10.1126/sciadv.aaw6284
https://doi.org/10.1080/17441692.2016.1225112
https://www.ncbi.nlm.nih.gov/pubmed/27590737
https://doi.org/10.1016/j.ijid.2017.10.006
https://www.ncbi.nlm.nih.gov/pubmed/29081365
https://www.ncbi.nlm.nih.gov/pubmed/27192024
https://doi.org/10.1016/j.srhc.2022.100722

Trop. Med. Infect. Dis. 2025, 10, 67 14 of 14

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

PAHO. Guidelines for Surveillance of Zika Virus Disease and Its Complications; Pan American Health Organization: Washington, DC,
USA, 2016.

Correia, F; Kerr, L.; Frota, C.; Barreto, I.; Almeida, R.; Pamplona, L.; Aratjo, L.; Myiajima, F.; Lima, S.; Aratjo, F; et al. Factors
associated with Chikungunya infection in a cohort of women aged 15-39 y in Fortaleza, Brazil. Trans. R. Soc. Trop. Med. Hyg. 2021,
115, 1070-1079. [CrossRef]

Ehmen, C.; Medialdea-Carrera, R.; Brown, D.; de Filippis, A.M.B.; de Sequeira, P.C.; Nogueira, RM.R.; Brasil, P; Calvet, G.A;
Blessmann, J.; Mallmann, A.; et al. Accurate detection of Zika virus IgG using a novel immune complex binding ELISA. Trop.
Med. Int. Health 2021, 26, 89-101. [CrossRef]

L'Huillier, A.G.; Hamid-Allie, A.; Kristjanson, E.; Papageorgiou, L.; Hung, S.; Wong, C.E,; Stein, D.R; Olsha, R.; Goneau, L.W.,;
Dimitrova, K.; et al. Evaluation of Euroimmun anti-Zika virus IgM and IgG enzyme-linked immunosorbent assays for Zika virus
serologic testing. J. Clin. Microbiol. 2017, 55, 2462-2471. [CrossRef]

Alves, L.V,; Leal, C.A; Alves, ].G.B. Zika virus seroprevalence in women who gave birth during Zika virus outbreak in Brazil-a
prospective observational study. Heliyon 2020, 6, e04817. [CrossRef]

Brasil, P,; Pereira, ].P, Jr.; Moreira, M.E.; Ribeiro Nogueira, R.M.; Damasceno, L.; Wakimoto, M.; Rabello, R.S.; Valderramos, S.G.;
Halai, U.A; Salles, T.S.; et al. Zika virus infection in pregnant women in Rio de Janeiro. N. Engl. . Med. 2016, 375, 2321-2334.
[CrossRef]

Frota, C.C.; Correia, EG.S.; Alves Vasconcelos, L.R.; de Sousa, PR.C.; Ferreira, M.L.d.S.; Saraiva, S.P.; Ferreira, R.M.; Romcy,
K.A.M.; Pinheiro, R.E; de Oliveira, R.T.G.; et al. Positivity of dengue, chikungunya, and Zika infections in women in Northeast
Brazil post-Zika epidemic. Pathog. Glob. Health 2023, 117, 485-492. [CrossRef] [PubMed]

Victora, C.G.; Huttly, S.R.; Fuchs, S.C.; Olinto, M.T. The role of conceptual frameworks in epidemiological analysis: A hierarchical
approach. Int. J. Epidemiol. 1997, 26, 224-227. [CrossRef] [PubMed]

Fuchs, S.C.; Victora, C.G.; Fachel, J. Hierarchical model: A proposal for model to be applied in the investigation of risk factors for
dehydrating diarrhea. Rev. Saude Publica 1996, 30, 168-178. [CrossRef] [PubMed]

Haby, M.M.; Pinart, M.; Elias, V.; Reveiz, L. Prevalence of asymptomatic Zika virus infection: A systematic review. Bull. World
Health Organ. 2018, 96, 402. [CrossRef]

Li, Z.; Wang, J.; Cheng, X.; Hu, H.; Guo, C.; Huang, J.; Chen, Z.; Lu, ]. The worldwide seroprevalence of DENV, CHIKV and ZIKV
infection: A systematic review and meta-analysis. PLoS Neglected Trop. Dis. 2021, 15, €0009337. [CrossRef]

Mathé, P; Egah, D.Z.; Miiller, ].A.; Shehu, N.Y.; Obishakin, E.T.; Shwe, D.D.; Pam, V.C.; Okolo, M.O,; Yilgwan, C.; Gomerep, S.S.;
et al. Low Zika virus seroprevalence among pregnant women in North Central Nigeria, 2016. J. Clin. Virol. 2018, 105, 35-40.
[CrossRef]

Paixao, E.S.; Teixeira, M.G.; Rodrigues, L.C. Zika, chikungunya and dengue: The causes and threats of new and re-emerging
arboviral diseases. BM] Glob. Health 2018, 3 (Suppl. S1), e000530. [CrossRef]

Pavao, A.L.B.; Barcellos, C.; Pedroso, M.; Boccolini, C.; Romero, D. The role of Brazilian National Health Information Systems in
assessing the impact of Zika virus outbreak. Rev. Soc. Bras. Med. Trop. 2017, 50, 450-457. [CrossRef]

Cohen, D.A; Scribner, R.A_; Farley, T.A. A structural model of health behavior: A pragmatic approach to explain and influence
health behaviors at the population level. Prev. Med. 2000, 30, 146-154. [CrossRef]

Satide SdVe (Ed.) Orientagdes Integradas de Vigilancia e Atengdo a Saiide no Ambito da Emergéncia de Saiide Piiblica de Importancia
Nacional; Ministério da Satde: Brasilia, Brazil, 2017.

Diniz, D.; Gumieri, S.; Bevilacqua, B.G.; Cook, R.J.; Dickens, B.M. Zika virus infection in Brazil and human rights obligations. Int.
J. Gynecol. Obstet. 2017, 136, 105-110. [CrossRef]

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.


https://doi.org/10.1093/trstmh/traa182
https://doi.org/10.1111/tmi.13505
https://doi.org/10.1128/JCM.00442-17
https://doi.org/10.1016/j.heliyon.2020.e04817
https://doi.org/10.1056/NEJMoa1602412
https://doi.org/10.1080/20477724.2022.2142187
https://www.ncbi.nlm.nih.gov/pubmed/36316985
https://doi.org/10.1093/ije/26.1.224
https://www.ncbi.nlm.nih.gov/pubmed/9126524
https://doi.org/10.1590/S0034-89101996000200009
https://www.ncbi.nlm.nih.gov/pubmed/9077016
https://doi.org/10.2471/BLT.17.201541
https://doi.org/10.1371/journal.pntd.0009337
https://doi.org/10.1016/j.jcv.2018.05.011
https://doi.org/10.1136/bmjgh-2017-000530
https://doi.org/10.1590/0037-8682-0506-2016
https://doi.org/10.1006/pmed.1999.0609
https://doi.org/10.1002/ijgo.12018

	Introduction 
	Materials and Methods 
	Study Population 
	Data Collection 
	Laboratory Tests 
	Statistical Analysis 

	Results 
	Prevalence of ZIKV, DENV, and CHIKV Infection 
	Factors Associated with ZIKV 
	Syndemic Factors for ZIKV Infection 

	Discussion 
	References

