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Abstract

Background—Despite the well-known role of parents as caregivers, few studies have addressed
their health outcomes related to the Zika virus epidemic.

Methods—A cross-sectional study was carried out with 146 primary caregivers of children 15—
26 months of age, with laboratory and/or clinical evidence of Zika infection between August and
October 2017 in three Brazilian municipalities: Jodo Pessoa and Campina Grande in the state of
Paraiba and Fortaleza in the state of Ceara. Caregivers reported on their child’s life and health,
family circumstances and underwent screening for stress using the Parenting Stress Index-Short
Form. Children were evaluated for developmental delays and clinical outcomes. Differences in the
prevalence of risk factors between caregivers with high or clinically relevant stress and those with
normal stress were evaluated.

Results—Of the 146 participants, 13% (n=19) were classified as having high or clinically
relevant stress, all of them mothers. The two risk factors significantly and independently
associated with high levels of stress, compared with individuals with normal stress levels, were
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“reporting difficulty in covering basic expenses” (adjusted OR 3.6 (95% CI 1.1-11.8; p = 0.034))
and “having a child with sleep problems” (adjusted OR 10.4 (95% CI 1.3-81.7; p = 0.026)).

Conclusions—Some factors seem to contribute significantly more than others to the level of
stress experienced by caregivers of children with evidence of Zika virus congenital infection.
Interventions and preventive strategies should also target caregivers, who in turn will be able to
respond to the unique characteristics of their child.
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Introduction

Since the detection of an unexpected increase in cases of viral-associated exanthems in the
Northeast Region of Brazil in February 2015 (Brasil 2015a) and given the recognized
relationship of microcephaly and Zika virus (ZIKV) infection during pregnancy (Brasil
2015b); Oliveira Melo et al. 2016), there has been a large-scale public health response
involving Brazilian government bodies, researchers, and local and international institutions.
In April 2015, the circulation of ZIKV was confirmed (de Aradjo et al. 2016), followed by
the detection of an increase in neurological manifestations, specifically Guillain-Barré
Syndrome (Malta et al. 2017), and in October, the detection, in Pernambuco State, of an
increased number of children with microcephaly, with brain imaging tests compatible with
congenital viral infection and reported exanthems in mothers during their pregnancy (Brasil
2015c).

Following this increase in reports of children with microcephaly, imaging of children with
congenital Zika virus infection (CZI) detected cortical atrophy, cerebral calcifications,
ventriculomegaly, epilepsy (Moore et al. 2017; Pessoa et al. 2018) and ocular abnormalities
(Freitas et al. 2016). Developmental delay, cerebral palsy, seizures, and hearing loss (Malone
et al. 2016; Satterfield-Nash et al. 2017) have also been seen in infants and children with
Czl.

Previous literature has focused mainly on clinical outcomes following the recent ZIKV
outbreak (Kapogiannis et al. 2017; Strafela et al. 2017), but few studies have investigated the
mental health and family functioning of the primary caregivers of children affected by Zika.
After the birth of an infant with developmental risks, primary caregivers may develop
anxiety, depression and parental stress (Alves 2015). Parental stress can be described as the
emotional strain experienced by parents in their roles as father or mother and is related to
multiple factors including their own personality characteristics, individual stressors, parental
health, needs and temperament of the child, family support system and the parent—child
bond (Abidin 1992). The pressure of raising a child is an important concept in parenting and
is closely related to parents’ dysfunction (Ostberg and Hagekull 2000), with different
impacts on children with physical and mental health challenges (Feizi et al. 2014).

To date, in the context of the ZIKV epidemic, only two publications have reported outcomes
related to primary caregiver’s mental health (Oliveira et al. 2016, 2017). The mental health
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of parents and other primary caregivers, an important factor for children’s health and
development, should be considered at an individual integral health assistance level, which is
a right guaranteed by law (Brasil 1990; Pinho et al. 2007). The investigation, Zika Outcomes
and Development in Infants and Children (ZODIAC), sought to understand the relationship
between children’s health and development with primary caregiver stress and functioning
among families affected by the 2015 Zika virus outbreak in Brazil (Satterfield-Nash et al.
2017). The present study examines levels of parental stress in primary caregivers of children
between 15 and 26 months of age with evidence of CZI and their association with
developmental delays, children’s clinical outcomes, governmental support and demographic
characteristics.

This cross-sectional descriptive study was carried out from August to October 2017, in two
Northeastern States in Brazil, Paraiba and Ceara, which had the highest incidence of
microcephalic infants reported in Brazil in 2016 and 2017 (Brasil 2017). For each child
between 15 and 26 months of age with evidence of CZI, the primary caregiver was invited to
participate as the person most responsible for the decision-making and daily care of this
child.

In Paraiba, children were selected from a subset of participants in a previous case—control
study (Krow-Lucal et al. 2018). They lived in Eastern Paraiba (regions I and 1) and had
either laboratory evidence of ZIKV infection, clinical evidence of ZIKV infection, or both.
Laboratory evidence included enzyme-linked immunosorbent assay (IgM ELISA), plaque
reduction neutralization test (PRNT), or ZIKV antibody titers/dengue antibody titers ratio <
1 for CZI. Clinical indication was defined as microcephaly at birth (< 32 cm if = 37 weeks
of gestation or, if preterm, < 3rd percentile for gestational age and sex, according to the
International Consortium for Fetal and Neonatal Growth for the 21st Century—
NTERGROWTH-21st) (International Fetal and Newborn Growth Consortium for the 21st
Century, 2017), being small (head circumference to length ratio = 0.65 and head
circumference < 3rd percentile), or disproportionate (head circumference to length ratio <
0.65) (Krow-Lucal et al. 2018). In Ceara, children were selected from cases with suspected
CZI that had been reported in the Registry of Public Health Events-Microcephaly (RESP),
were living in Fortaleza metropolitan area, and had either laboratory evidence of CZI or an
available sample for laboratory testing collected at birth.

This investigation was approved by the National Committee for Ethics in Research
(CONEP) and was carried out in accordance with current national ethics recommendations
and have therefore been performed in accordance with the ethical standards laid down in the
1964 Declaration of Helsinki and its later amendments. Adult participants signed a written
consent form for themselves and another for the child in their care. No identifiable
individual data were shared or published.

The current study is part of the ZODIAC investigation, which also involved a number of
assessments of enrolled children, such as growth, head circumference, neurological, vision,
blood tests and developmental tests (Satterfield-Nash et al. 2017); if indicated, children were
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referred for computed tomography brain scan and audiological examination. The validated
Brazilian Portuguese version of the 3rd edition of the Ages and Stages questionnaire (ASQ)
was used to evaluate child developmental function (Filgueiras et al. 2013; Squires et al.
2009). The ASQ is a screening instrument composed of 21 questionnaires used to evaluate
children from 1 month to 5 years of age. Each questionnaire is designed for a certain age
range and consists of 5 domains: communication, gross motor coordination, fine motor
coordination, problem solving, and personal-social. For this study, the ASQ protocol has
been modified (Kotzky et al. 2019): instead of using the age-specific questionnaire for each
child as is usual for the ASQ, all evaluations started with the 6 months of age questionnaire,
for each domain, and then proceeded to the next questionnaire when all the milestones for
that specific domain were reached. This adapted protocol was used because of the challenges
of starting with the administration of the questionnaire appropriate for a child’s biological
age and working backward, given the severe developmental delays among the children
studied.

Developmental Quotients (DQ) scores were calculated for each domain, transformed into z-
scores, and adjusted to the distribution of ASQ-3 scores for Brazilian children (Filgueiras et
al. 2013). These DQ z-scores indicated how far above or below a child’s development score
was, compared to children of the same biological age, in standard deviations (SD). After
evaluation, children were classified, based on ASQ cutoff points by SDS (Squires et al.
2009), into three groups according to DQ z-scores: group 1 (global delay), which had DQ z-
scores greater than or equal to 2 SD below the mean in all 5 domains; group 2 (some delay),
which had DQ z-scores greater than or equal to 1 SD below the mean in at least one domain
but not greater than 2 SD below the mean in all domains; Group 3 (no delay), which had DQ
z-scores that were less than 1 SD below the mean on all domains.

Children’s neurological function was assessed using the Hammersmith Infant Neurological
Examination (HINE). The HINE is a standardized exam that can be used to evaluate children
from 2 to 24 months of age and contains 26 items in 5 domains. The sum of the scores in
each domain provides a global score, ranging from 0 to 78. It can be used to diagnose
cerebral palsy (CP), type and severity of CP, and severity of motor impairment. For this
study, children with a score below the 40 point cut-off (Romeo et al. 2015) were classified as
having severe motor impairment.

Interviews were conducted with primary caregivers of these children using questionnaires to
collect sociodemographic data, receipt of government assistance, level of difficulty in
covering basic expenses, and perceptions of child’s breastfeeding, sleep, vision, hearing and
swallowing. Primary caregivers were also screened for depression and stress. The short form
of the 4th edition of the Parenting Stress Index (PSI-SF), validated in Brazilian Portuguese
(Pereira et al. 2016), was used to assess parental stress. The PSI-SF is used to screen
parental stress in the parent/child relationship, identifying need for follow-up services. It
consists of 36 questions divided into three domains (parental anxiety, dysfunctional parent-
child interaction, and difficult child) and allows the calculation of a total parental stress
index. Each domain has 12 items rated on a 5-point Likert scale: “I totally agree” = 1, “I
agree” =2, “lI am not sure”=3, “I disagree” =4, and “I totally disagree” =5. Scores can be
calculated separately for each domain, ranging from 12 to 60 points. The total score was
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used in this study, calculated by summing the 3 domain totals, ranging from 36 to 180
points, and then converting this number to a percentile according to the developer’s guidance
(Abidin 2012). In general, the normal range of scoring is within the 16th and 84th
percentiles. Scores in the 85th to 89th percentiles are considered high and scores in the 90th
percentile or higher are considered clinically relevant (Abidin 2012).

Our main dependent variable was the level of parental stress of primary caregivers of
children with developmental delays possibly related to CZI. Independent variables included:
ASQ delay groups, receipt of government assistance, difficulty in covering basic expenses,
child’s current microcephaly status, child’s age and overall HINE score. Primary caregivers’
socio-demographic characteristics (gender, relationship to the child, age, race, education,
family income and employment challenges) and primary caregiver’s perception of child’s
health (eating, sleeping, vision and hearing problems) were also included as independent
variables.

Descriptive exploratory analysis was done by examining and comparing the frequencies of
the variables. We used Chi-square (XZ) and Fisher’s exact test to test the association between
stress level and selected risk factors. We also calculated crude and adjusted odds ratios (OR)
and their 95% confidence intervals, using logistic regression, and an alpha level of 0.05, to
assess the difference in risk between the two stress levels considered in this study (normal
and high or clinically relevant). The Mantel-Haenszel stratified analyses test was used to
analyze modification effects among the variables based on the background social and
epidemiological knowledge. We crossed ‘difficulty in covering basic expenses’ with
‘parenting stress’, controlling by ‘government assistance’. And we crossed ‘developmental
delays’ with ‘parenting stress’, controlling by ‘difficulty in covering basic expenses’. We
performed Shapiro—Wilk normality tests to identify normally distributed data, however, if
the variables tested was not normally distributed, we used non-parametric tests (Mann—
Whitney) and for continuous normally distributed variables, we used parametric tests
(Student’s t-test). The variables selected for multivariable analysis were those with a p-value
lower than 0.20 and that didn’t presented collinearity with other variables, assessed by a
correlation matrix. The “stepwise backward LR’ method was used to select variables,
adopting the alpha level of 0.20 for input and 0.05 for the output of variables in the model.
Binary logistic regression was used to examine if covariates were predictors of primary
caregiver stress.

Data were collected using Research Electronic Data Capture software (REDCap), and
analyzed using IBM SPSS Statistics 25.0 software. Each family (child and primary
caregiver) was anonymized using a unique identifier ID.

In Ceard, 52 eligible primary caregivers were identified. Of these, 18 (34.6%) could not be
contacted, five (9.6%) refused to participate or did not attend the evaluations, and four
(7.7%) were excluded from the sample due to missing data on critical fields for classification
at the time of validation and database cleaning. In Paraiba, 273 eligible primary caregivers
were identified. Of these, 75 (27.5%) could not be contacted, 76 (27.8%) refused to
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participate or did not attend the evaluations and one participant was excluded from the
sample because of inconsistent information. In all, 146 primary caregivers were evaluated,
25 (17.1%) from Ceara and 121 (82.9%) from Paraiba.

According to the distribution of the total score of the PSI-SF test, primary caregivers were
separated into normal stress (n=127; 87.0%) and high or clinically relevant stress (n=19;
13.0%). The majority (99.3%) of the primary caregivers were female and the median age
was 28 (ranging from 16 to 62) years of age. Among children, 72 (49.3%) were female and
the median age was 22 (ranging from 15 to 26) months of age. Additional demographic data
are shown in Table 1.

In the bivariate analysis, primary caregivers with high or clinically relevant parental stress
presented 4.8 (95% CI 1.5-15.4) times the odds of difficulty covering basic expenses and 4.8
(95% CI 1.8-13.5) times the odds of employment challenges (quit job or cutting down on
work hours because of the child’s health), when compared to those with normal stress level.
On the other hand, no statistically significant associations were found between stress level
and primary caregiver’s age (OR= 1.3; 95% CI 0.5-3.5), race (OR=0.8; 95% CI 0.3-2.7),
education level (OR= 1.6; 95% CI 0.6-4.2) or government support—cash, food or child care
(OR=1.1; 95% CI 0.3-4.2).

Regarding caregiver’s level of stress by child’s characteristics, the odds of presenting high or
clinically relevant stress was significantly greater among those who cared for children with
sleeping problems (OR 12.9; 95% CI 1.7-99.6). No statistically significant association was
found between stress level and child’s vision problems (OR 1.2, 95% CI 0.4-4.1), hearing
problems (OR 2.3; 95% CI 0.2-23.5), eating or swallowing problems (OR 2.4; 95% CI: 0.9
to 6.5) or with “global developmental delay’ on ASQ (OR 3.5; 95% CI: 0.9-13.4).

After adjusting for key variables (ASQ group and government support), in the logistic
regression model, the variables ‘sleeping problems’ (OR 10.4; 95% Cl= 1.3-81.7) and
‘difficulty covering basics’ (OR 3.6; 95% CI 1.1-11.8) were significant predictors of high or
clinically relevant stress among primary caregivers.

Discussion

In our univariate analysis, primary caregivers of children in the ASQ ‘global delay’ group
had higher odds of high or clinically relevant stress when compared to primary caregivers of
children without such delay, which is consistent with Hayes and Watson’s findings in
parents of children with autism (Hayes and Watson 2013). In the multivariable analysis,
however, “sleeping problem” was the only child-related variable significantly associated
with stress in the primary caregiver which showed no statistical association with
developmental delay.

Contrary to our expectations and dos Santos Oliveira’s observations regarding anxiety and
depression (Oliveira et al. 2017), no statistical relationship was found between CZI-
associated microcephaly and parental stress. It is important to highlight the difference in the
time elapsed between the births of the children and the data collections of the two studies. In
the present study, children were evaluated were between 15 and 26 months of age, a period
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in which parental psychological adaptation and resilience may have developed, as Halstead
points out in mothers of children (Halstead et al. 2018).

Another possibility is to analyze, like Hastings, the family as a complex system in which all
members are likely to be influenced by each other and by external factors, not only by
having a child with developmental delays (Hastings 2016). Several studies point to a
bidirectional relationship between parental stress and child behavior, such as Woodman and
colleagues who studied these relationships longitudinally over a 15-year period, reporting
differences between life stages and the nature of the behavioral problem (internalized or
externalized) (Woodman et al. 2015).

During the study period and only in Ceara, the government offered psychological assistance
to mothers of children with microcephaly, while the child received routine health care. We
did not analyze the potential benefits of these services; however, our findings suggest a need
for psychological assistance and other types of government support among these children
and their families.

This study has some limitations. First, regarding comparison and discussion of the findings,
few national studies have evaluated the physical and mental health of the primary caregivers
of children born in the context of the ZIKV epidemic. Therefore, the findings of this study
were compared to others with themes of parental stress, but with different exposure factors
or diagnoses such as Down Syndrome, autism and presence of externalizing behavior
problems. Second, information about participants’ state and municipalities of residence were
not included in the analyses, and structural differences between locations and availability of
social support that could possibly buffer parental stress were not measured. Third, parental
self-report could introduce several response biases that could not be ruled out or controlled
for in the present study. Fourth, the relationships that were observed are limited by the
reliance on cross-sectional designs and might be better explicated using longitudinal
designs. And finally, we acknowledge the low response rate, for which the reason may have
been stress itself, since caregivers were going through delicate moments with the infants. A
higher response rate would have increased the power to detect associations of the variables
of interest with parental stress, such as “feeding/swallowing problems” and “global
development delay on ASQ”.

As Zika is an emerging disease of interest with recently defined clinical implications, there
are still many questions to be answered about the consequences of CZI, especially in the
long term health and development for children, their parents, and other primary caregivers.
This study described indicators of parental stress in this context, contributing to knowledge
about the extent of health and social concerns among families affected by the ZIKV
epidemic. Providing more targeted support on child’s behavioral issues, specifically sleeping
problems as shown in this study, may help reduce parental stress in families of children with
developmental delays, including CZI.

Other longitudinal studies with larger populations may add external validity to the findings.
Also other modeling techniques are encouraged, such as Directed Acyclic Graph (DAG),
working with causal pathways. In addition to actions that support the health and
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development of affected children, it may be necessary to structure a network that supports
mothers and other caregivers concomitantly with their emotional needs and demands.
Addressing parental stress should be an integral part of comprehensive care for the families
of all children, especially those presenting with developmental delays.
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Significance statement
What is already known on this subject?

Until the end of this article, only two publications have demonstrated outcomes related to
the mental health of caregivers in the context of the recent Zika virus epidemic. The
pressure of raising a child is closely related to parents’ dysfunction, with different
impacts on children with physical and mental health challenges.

What this study adds?

We report on parental stress in primary caregivers of children with evidence of congenital
Zika virus infection and its relation to children’s developmental delays and clinical
outcomes. Contributing to build knowledge about the extent of health and social concerns
of the Zika epidemic among affected families.
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