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Introduction

The COVID-19 pandemic generated tremendous uncertainty 
and worry about SARS-CoV-2 infection and its health, 
social, and economic consequences. During periods of 
macro-structural uncertainty and worry such as those brought 
on by novel infectious disease outbreaks, people may revise 
their intentions about whether and when to have (more) chil-
dren. As individuals navigate the uncertainty and lack of 
knowledge that initially accompanies novel infectious dis-
ease outbreaks, their prior experiences with other recent 
novel infectious disease crises might consciously or uncon-
sciously serve as a frame of reference for shaping their sub-
jective assessments about subsequent novel infectious 
disease outbreaks. In turn, these assessments might influence 
their fertility intentions during the subsequent outbreak—
especially during the early stages of a new novel disease cri-
sis, when uncertainty about the new disease is high.

To investigate this possibility, we examine whether wom-
en’s experiences during the Zika epidemic in Brazil—the 
country with the highest prevalence of the Zika virus 
(ZIKV)—predict intentions to avoid a pregnancy because of 
the Covid-19 pandemic, directly or indirectly, via subjective 
assessments of the pandemic—perceived risk of contracting 

COVID-19, worry about pregnancy and fetal complications 
due to Covid-19, and fertility attitudes about pregnancy dur-
ing COVID-19. We operationalize women’s experiences 
during the Zika epidemic by their social proximity to Zika, a 
novel composite measure encompassing who they know and 
how many people they know who had Zika or microcephaly, 
a congenital fetal abnormality caused by Zika infection in 
utero. The social proximity to Zika measure is rooted in pre-
vious research that finds that social networks are important 
determinants of fertility dynamics (Kohler 2000). We argue 
that this key role of social proximity to one disease can 
extend to epidemics of other diseases. We hypothesize a 
scarring effect such that women who experienced greater 
social proximity to Zika are more likely to intend to avoid 
pregnancy, either by postponing or forgoing pregnancy alto-
gether, because of the COVID-19 pandemic. We further 
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hypothesize that subjective assessments about the virus and 
pandemic mediate the ways in which social proximity to a 
prior epidemic shapes intention to avoid a pregnancy in a 
subsequent outbreak of a different novel infectious disease.

To examine whether social proximity to disease in one 
novel infectious disease outbreak has scarring effects on fer-
tility intentions in a subsequent outbreak of a successive 
novel infectious disease, we focus on Brazil, the epicenter of 
the 2015 to 2017 ZIKV epidemic. Three years later, Brazil 
was again an epicenter of another novel infectious disease 
outbreak, with among the highest case and death counts of 
COVID-19 in the world (as of May 2023; Johns Hopkins 
Coronavirus Resource Center 2021). Navigating fertility 
intentions during the Zika epidemic became especially 
fraught for women once scientists established that ZIKV can 
cause serious birth defects, including microcephaly and other 
types of congenital Zika syndrome (CZS; Brasil et al. 2016; 
Rasmussen et al. 2016). Although COVID-19 does not pres-
ent the same kinds of risk as ZIKV, pregnant women are at 
higher risk of developing severe illness from COVID-19 
(Centers for Disease Control and Prevention 2021), and there 
is evidence of increases in stillbirth, preterm birth (Khalil 
et al. 2020), and maternal mortality particularly in low- and 
middle-income countries during the COVID-19 pandemic 
(Diniz, Brito, and Rondon 2022; Maza-Arnedo et al. 2022). 
Although ZIKV and SARS-CoV-2 are distinct viruses, they 
both transmitted novel infectious diseases that generated high 
levels of individual and societal uncertainty and worry. Thus, 
women in places affected by the Zika epidemic are again 
managing fertility intentions in contexts of high uncertainty 
and worry, this time coupled with heightened social and eco-
nomic instability brought on by the COVID-19 pandemic.

Using structural path models and unique population-level 
probabilistic data from 3,996 women ages 18 to 34, we 
examine whether social proximity to Zika is associated with 
fertility intentions to postpone or forgo pregnancy because of 
the pandemic, directly or indirectly, via subjective assess-
ments about the COVID-19 pandemic. In doing so, this study 
makes at least three contributions to the literature. First, it 
advances knowledge on the fertility implications of the 
COVID-19 pandemic by examining subjective assessments 
that underlie the fertility decision-making process. Although 
there is empirical evidence of the effects of the pandemic on 
fertility intentions (Kahn et  al. 2021; Luppi, Arpino, and 
Rosina 2020), with a few exceptions (Manning et al. 2022), 
most prior research has been limited to descriptive accounts 
of the association between the pandemic and fertility inten-
tions and to the use of nonprobabilistic samples, which 
restricts the generalizability of their findings. Our study 
extends beyond descriptive work by examining some of the 
mechanisms that might explain how the pandemic shapes 
fertility intentions. The second contribution is evidence that 
the fertility consequences of novel infectious disease out-
breaks may transcend a single epidemic. To the best of our 

knowledge, no research has considered fertility intentions 
across more than one epidemic in response to experiences 
with the disease within one’s social network. The third con-
tribution stems from our granular measure of social proxim-
ity to disease. Previous studies focusing on fertility outcomes 
during epidemics have operationalized proximity to disease 
by calculating rates of confirmed cases of the disease or 
another measure of exposure at an aggregate level of geogra-
phy, such as the municipality or region (Lucas 2013; Rangel 
et al. 2020; Terceira et al. 2003). We argue that accounting 
for social proximity to both confirmed and suspected cases at 
the individual level is crucial because such proximity can 
shape subjective assessments such as perceptions of and 
worry about the risk and consequences of the disease.

Fertility Intentions

Fertility intentions are a fundamental component of women’s 
reproductive decision-making processes. Fertility intentions 
encompass individuals’ personal preferences and goals 
regarding having (more) children, ideal family size, preg-
nancy timing, and use of contraception and fertility treat-
ments (Bongaarts 2001; Hayford and Agadjanian 2019; Hin 
et al. 2011; Miller 1995; Perugini and Bagozzi 2001). In this 
article, we focus specifically on the intention to avoid preg-
nancy because of the COVID-19 pandemic. Our measure of 
pregnancy avoidance intentions captures both quantum and 
tempo elements of intentions—that is, whether an individual 
intends to forgo having any (additional) children because of 
the COVID-19 pandemic (quantum) or whether they intend 
to postpone pregnancy because of the COVID-19 pandemic 
(tempo). We maintain that the processes through which 
social proximity to Zika influences fertility intentions 
because of the COVID-19 pandemic will likely operate simi-
larly for intentions to postpone and intentions to forgo child-
bearing because both types of intentions capture a desire to 
avoid pregnancy. However, to account for the possibility of 
differences in the processes, we disaggregate pregnancy 
avoidance intentions into intentions to postpone and inten-
tions to forgo pregnancy.

Although fertility intentions can serve as a predictor of 
fertility behaviors (Yeatman, Trinitapoli, and Garver 2020), 
there can also be notable discordance between fertility 
intentions and behaviors at both the individual and aggre-
gate levels (Bongaarts 2001). Regardless of whether they 
translate into fertility behavior, fertility intentions are in 
themselves important foci of study because they reflect 
social and health structures (Bachrach and Morgan 2013) 
and differences in women’s real and perceived autonomy 
over their reproductive lives. Fertility intentions are dynamic 
and sensitive to changes in people’s lives (Bachrach and 
Morgan 2013; Barber 2001), including macro-level changes 
(Bhrolcháin and Beaujouan 2011; Sennott and Yeatman 
2018; Towriss et  al. 2020; Trinitapoli and Yeatman 2018; 
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Yeatman, Sennott, and Culpepper 2013) such as large-scale 
novel infectious disease outbreaks, and micro-level social 
interactions (Rossier and Bernardi 2009). In this article, we 
examine how a macro-level event—the Zika epidemic—
manifested at the micro level in women’s social networks in 
ways that influenced their fertility intentions during a subse-
quent macro-level novel infectious disease outbreak—the 
COVID-19 pandemic. We next discuss the theoretical rea-
sons for linking social proximity to Zika to fertility during 
the COVID-19 pandemic.

Social Proximity to Disease as a 
Predictor of Fertility Intentions across 
Epidemics

Although there are studies on fertility behavioral responses 
to macro-level shocks such as economic crises (Sobotka, 
Skirbekk, and Philipov 2011), natural disasters (Nobles, 
Frankenberg, and Thomas 2015), and wars (Agadjanian 
and Prata 2002; Lindstrom and Berhanu 1999), there is 
comparatively little research on the sensitivity of fertility 
intentions to degree of exposure to epidemics of novel 
infectious diseases. The few exceptions are studies that 
focus on how diagnosis of an infectious disease shapes 
fertility preferences (Hayford, Agadjanian, and Luz 2012; 
Yeatman 2009).

Extrapolating from research on fertility behavior in 
response to degree of exposure to public health shocks, we 
argue that women’s degree of social proximity to disease 
during a public health crisis, particularly a novel infectious 
disease outbreak, can be an important predictor of fertility 
intentions in a subsequent novel infectious disease out-
break. We define social proximity to disease as the number 
of people that an individual personally knows that has had 
a confirmed or suspected case of Zika or a confirmed case 
of microcephaly. Our conceptualization of social proximity 
to disease as a predictor of fertility intentions stems from 
the idea that women’s evaluations of the relative risks and 
benefits of childbearing during a novel infectious disease 
outbreak likely hinge in part on the ways in which they 
have experienced a previous outbreak at the micro level in 
their own social networks. This assumption is rooted in lit-
erature documenting social network effects on fertility 
intentions and attitudes and risk perceptions of disease. 
Knowing about other people’s, particularly family and 
household members’ (Kohler, Behrman, and Watkins 2007), 
experiences with the disease can make the abstract threat of 
an unfamiliar virus a more concrete reality in a similar way 
that a bereavement operates (Verdery et  al. 2020). This 
experience of social proximity to disease might in turn 
serve as an anchor that guides one’s fertility intentions in a 
subsequent novel infectious disease crisis, especially in the 

early stages when information about the new disease is lim-
ited and uncertainty is high.

The core theoretical ideas about social proximity1 (i.e., 
degree of exposure to or experiences with) to macro-struc-
tural shocks have been applied in prior studies investigat-
ing impacts on fertility behaviors but less so to studies 
focusing on fertility intentions. Moreover, previous stud-
ies using population-level data tend to operationalize risk 
or proximity to disease by calculating rates of confirmed 
cases of the disease or another measure of exposure at an 
aggregate level of geography, such as the municipality, 
state, or region (Lucas 2013; Rangel et al. 2020; Terceira 
et al. 2003). To the best of our knowledge, no research has 
considered how experiences with a novel infectious dis-
ease within one’s own social network shape fertility inten-
tions across consecutive novel disease outbreaks. In 
defining social proximity to disease on a more granular 
level than previous studies—as the number of people that 
an individual personally knows that has had a confirmed 
or suspected case of Zika or a confirmed case of micro-
cephaly—we build the argument that this level of detail 
about both confirmed and suspected cases in an individu-
al’s social network is important because it can shape the 
complex sociopsychological mechanisms, including sub-
jective assessments regarding the disease, which in turn 
might shape fertility intentions during outbreaks.

Regarding the sensitivity of fertility intentions to 
COVID-19, emerging research suggests that the pandemic 
is associated with revised fertility intentions. In their mul-
ticountry study, Luppi Arpino, and Rosina (2020) found 
evidence of postponement or abandonment of fertility 
plans with variation across countries and individual char-
acteristics. Malicka, Mynarska, and Świderska (2021) 
also found evidence of changes to fertility intentions 
related to changes in socioeconomic and health condi-
tions; Kahn et al. (2021) reported a similar pattern among 
women in New York City. Zhu et al. (2020) found that in 
Shanghai, forgoing childbearing plans was associated 
with health concerns.

While these studies provide a sense of changing fertil-
ity intentions in response to the COVID-19 pandemic, 
none of these studies considered back-to-back public 
health crises, nor have they reflected on individuals’ social 
proximity to an epidemic. We contend that it is possible to 
measure individuals’ social proximity to a previous epi-
demic and that such experiences of proximity can impact 

1Whereas previous studies often use the term “exposure” to disease, 
we use the term “social proximity” to make it clear that we are 
referring to the people an individual knows who has had a con-
firmed or suspected case of Zika and not to an individual’s patho-
genic exposure to Zika.
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fertility intentions during a subsequent crisis. We further 
argue that it is possible that the association between social 
proximity to a previous epidemic and fertility intentions 
during a subsequent public health crisis is mediated by 
subjective assessments of the ongoing crisis.

Pathways Linking Social Proximity to 
Disease to Fertility Intentions across 
Epidemics: The Role of Subjective 
Assessments
We posit that social proximity to a novel disease in the after-
math of a previous epidemic works primarily through indi-
rect pathways to shape fertility intentions in a subsequent 
novel infectious disease crisis. Given the time lag between 
the Zika epidemic and the COVID-19 pandemic, we do not 
hypothesize direct pathways linking social proximity to Zika 
and fertility intentions during the COVID-19 pandemic. 
Instead, we argue that social proximity to disease in a previ-
ous epidemic might indirectly shape fertility intentions by 
conditioning one’s subjective assessments of the subsequent 
epidemic regarding the virus risk—perceived risk of con-
tracting COVID-19 and worry about pregnancy and fetal 
complications due to COVID-19—and normative attitudes 
on childbearing—fertility attitudes about pregnancy during 
COVID-19.

In the context of uncertainty brought on by a newly 
discovered disease, people’s experiences with a previous 
novel infectious disease crisis might inform the cognitive 
schema through which they form attitudes and intentions 
about childbearing during this new public health shock 
(Johnson-Hanks 2014). Greater social proximity to dis-
ease in a previous epidemic, in this case, Zika, might 
shape the subjective assessments of risk and worry about 
the current disease, in this case, COVID-19, which ulti-
mately shape fertility intentions.

Greater social proximity to Zika might increase one’s 
risk perceptions of contracting COVID-19 or worry about 
fetal complications due to COVID-19. In turn, these 
heightened negative subjective assessments of risk and 
worry about COVID-19 might be associated with norma-
tive attitudes that support avoiding pregnancy during the 
COVID-19 pandemic, ultimately shaping personal inten-
tions to avoid pregnancy during the pandemic. In addition, 
greater social proximity might be associated with in- 
creased risk perception and worry if it makes people con-
cerned about the potential burden of care brought on by 
the health consequences of the disease, which in turn 
might influence women to intend to avoid pregnancy, par-
ticularly if resources are constrained. Indeed, the prospec-
tive burden of caring for a child with CZS may have been 
a motivation to reduce childbearing during the Zika epi-
demic, driving down birth rates (Marteleto et  al. 2020; 
Rangel et al. 2020).

On the other hand, it is also possible that women’s 
proximity to a previous public health crisis that brought 
extreme societal uncertainty and risk translates into inten-
tion to have (more) children if they view childbearing as a 
mechanism to reduce personal or societal uncertainty 
(Friedman, Hechter, and Kanazawa 1994). For example, 
amid crises associated with high mortality, a desire to 
replace lost children can also lead to an intention for more 
children (Nobles et al. 2015) as a strategy to deal with the 
uncertainty regarding child survival (Trinitapoli and 
Yeatman 2011). And research on fertility intentions during 
the pandemic has documented that at least some women 
intended to have children sooner because of COVID-19 
(Zimmerman et al. 2022).

We also consider fertility attitudes as an important com-
ponent of subjective assessments during the pandemic. As 
such, fertility attitudes can be predictors of fertility inten-
tions (Miller 1994, 1995) among reproductive-age women 
across back-to-back novel infectious disease outbreaks. 
Fertility attitudes encompass one’s thinking about others’ 
fertility through normative ideas about broader societal 
expectations and values around childbearing. Normative 
ideas about childbearing can be encoded through prescrip-
tive norms, or expectations of appropriate behaviors that 
convey “what individuals should do” (Bicchieri 2005; 
Horne and Mollborn 2020; Riley et al. 2021; Shakya, Weeks, 
and Christakis 2019), and through descriptive norms, which 
emerge from the prevalence of individual or collective 
behaviors in a defined geographical location (i.e., what indi-
viduals actually do; Bernardi 2013; Horne and Mollborn 
2020; Torche and Abufhele 2021). Thus, although related to 
fertility intentions, fertility attitudes differ from intentions 
in that attitudes are subjective norms that guide intentions 
and behaviors through positive or negative evaluations of 
performing the behavior (Ajzen 1991) and intentions refer 
to conscious (Fishbein and Ajzen 2010) and unconscious 
(Bachrach and Morgan 2013) commitments to perform an 
action. Fertility attitudes can be useful for understanding 
how norms and expectations shape individuals’ personal 
fertility intentions.

Thus, we investigate the links between social proxim-
ity to disease, subjective assessments, and fertility inten-
tions to offer important insights into women’s cognitive 
schemas and decision-making processes around fertility 
during back-to-back novel infectious disease outbreaks 
(Manning et al. 2022)

Research Questions and Hypotheses

We examine three research questions:

Research Question 1: Is social proximity to Zika associ-
ated with fertility intentions during the COVID-19 
pandemic?
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Hypothesis 1: We hypothesize that the direct path between 
social proximity to Zika and fertility intentions will be 
weak or nonexistent mainly because of the time lag 
between the Zika epidemic and the COVID-19 
epidemic.

Research Question2: Does social proximity to Zika 
work through subjective assessments of the pan-
demic, including perceived risk of infection, 
worry about COVID-19 complications, and atti-
tudes about pregnancy during the pandemic, to 
shape fertility intentions during the COVID-19 
pandemic?

Hypothesis 2: We hypothesize that social proximity to 
Zika influences fertility intentions indirectly through 
subjective assessments of the pandemic. Individuals 
who experienced greater proximity to Zika might 
prompt respondents to assess their personal risks for 
COVID differently than those who experienced less 
social proximity to Zika.

Research Question 3: Are the paths mediating the associa-
tion between social proximity to Zika and fertility 
intentions due to the COVID-19 pandemic different 
based on intentions to postpone versus intentions to 
forgo pregnancy during COVID-19?

Hypothesis 3: We hypothesize that the processes of post-
poning versus forgoing childbearing during the 
COVID-19 pandemic operate similarly, that is, through 
the indirect path of subjective assessments of the 
pandemic.

Data and Methods

Data

Data for this study come from the first wave of the 
Demographic Consequences of Epidemics Project (DeCodE 
Project), an ongoing, annual panel study on the implications 
of novel infectious disease outbreaks on women’s reproduc-
tive lives in Pernambuco—one of the poorest states in Brazil 
and the state that was most severely affected by recent public 
health shocks, including Zika in 2015–2017 and COVID-19 
since 2020.

Between May and October 2020, the DeCodE Project 
conducted the first wave of data collection using surveys 
with 3,996 women, ages 18 to 34. To recruit a probabilistic 
sample of women living in Area Code 81, we used random-
digit dialing (RDD) with a dual frame design, drawing on a 
sampling base of more than 19 million randomly generated 
cell phone numbers from Brazil’s government concession. 
Brazilian census data (Instituto Brasileiro de Geografía e 
Estatística 2021) found that 94 percent and 88 percent of 
women in the target age group own a cell phone in the 

metropolitan region of Recife and in the state of Pernambuco, 
respectively.2

Surveys were conducted using phone interviews 
(≈25 minutes in duration), with interviewers using an 
Institutional Review Board-approved script to confirm 
respondent consent. Surveys were conducted in Portuguese, 
and bilingual study staff and the principal investigator trans-
lated the questionnaire. All interviews were recorded for 
supervision and quality control. The Institutional Review 
Board at the University of Texas at Austin and at the Brazilian 
National Commission for Research Ethics approved this 
study.

Analytical Sample and Variables

We focused our analysis on women who were not pregnant at 
the time of the interview (N = 3,890). We model three out-
come variables measuring intention to avoid a pregnancy 
because of the COVID-19 pandemic. All three outcomes are 
derived from survey questions that asked respondents who 
reported wanting a(nother) child whether they changed their 
mind about the desired timing of their pregnancy because of 
the COVID-19 pandemic (i.e., postponing) and asked 
respondents who reported not wanting a(nother) child if they 
changed their mind about wanting a(nother) child because of 
the COVID-19 pandemic (i.e., forgoing). The first measure 
combines all women who intend to avoid a pregnancy 
because of COVID-19, either by intending to postpone or 
forgo pregnancy altogether. The reference category for the 
models with this outcome includes women who intend a 
pregnancy now/within the next six months and those who 
intend to postpone or forgo a pregnancy for reasons other 
than the pandemic. We conducted sensitivity analyses that 

2We used a dual frame sample design in which 70 percent of the 
sample was selected through a list-assisted RDD procedure and 30 
percent was selected at random from a commercial database. In the 
RDD frame, we used the available 1,000 banks dedicated to cell 
phones in the target area code of 81, as informed by the telecommu-
nications authority in Brazil. We then stratified these numbers into 
three strata. The first two strata were based on region (Stratum 1: 
metropolitan region of Recife; Stratum 2: nonmetropolitan region 
Recife) using the location of the plurality of the listed phones, while 
the third stratum contained those for whom the 1,000 bank did 
not have any listed cell phone number. The sample was allocated 
proportionately to the number of 1,000 banks from each stratum. 
Within Strata 1 and 2, the 1,000 banks were selected with prob-
abilities proportionate to the number of listed phones, and within 
Stratum 3, they were selected at random. All phone numbers were 
sampled from the selected 1,000 banks for a total of approximately 
3,000,000 phone numbers. More details of the sampling and study 
procedures are available from authors.
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separated the reference group and found results consistent 
with models that combined the reference group into one 
category.

The next two outcomes separate intentions to avoid a 
pregnancy because of the COVID-19 pandemic into inten-
tions to postpone and intentions to forgo pregnancy. 
Postponing because of the pandemic captures respondents 
who report they want a(nother) child in the future but 
changed their intended fertility timing to get pregnant at a 
later time (six months or longer) because of the COVID-19 
pandemic. Forgoing because of the pandemic captures 
respondents who report not intending a(nother) child in the 
future because of the COVID-19 pandemic. The reference 
group for the models measuring postponement because of 
the pandemic is postponing a pregnancy for reasons other 
than the pandemic. The reference group for the models mea-
suring forgoing because of the pandemic is forgoing a preg-
nancy altogether for reasons other than the pandemic.

The focal independent variable is a social proximity to 
Zika index, which summarizes whether the respondent her-
self, family and household members, and/or their children 
and partners had a suspected or confirmed Zika infection; the 
overall number of people they know with a suspected or con-
firmed case; and whether they know any child with CZS. 
Indices constructed using items in Table 1 through sum 
scores, principal components, and factor analysis are highly 
correlated (rs = .96–.99). Simple sum score of binary indica-
tors showed the strongest association with Zika exposure 
correlates such as household water shortage. A high level of 

social proximity to Zika is unrelated to education (mean dif-
ference = .02, p = .60) or income (r = .004, p = .79).

We include three indicators of subjective assessments of 
the COVID-19 pandemic: (1) perceived risk of contracting 
COVID-19, (2) worry about pregnancy or fetal complica-
tions due to COVID-19, and (3) attitude toward pregnancy 
during the COVID-19 pandemic. COVID-19 risk perception 
is a self-assessment of the likelihood of infection measured 
through a 5-point scale (1 = very small chance, 5 = very large 
chance). Worry about pregnancy and fetal complications 
because of COVID-19 is a 5-point scale coded as a dichoto-
mous variable due to low variability (0 = no worry, 1 = any 
worry). Pregnancy attitudes during the COVID-19 pan-
demic—whether respondents believe that all women should 
avoid childbearing during the pandemic—is measured 
through a 5-point scale (1 = strongly disagree, 5 = strongly 
agree). Additional covariates included in the models are age, 
race, education, income, living with partner, living in the 
metropolitan state capital area, and has at least one child.

Methods

To test for direct and indirect associations (i.e., mediation) 
between social proximity to Zika and fertility intentions dur-
ing COVID-19, we conducted path models in Mplus version 
8.2. We estimated three main models and several sensitivity 
analyses. In all models, we tested a direct path from Zika 
social proximity to changing fertility intentions because of 
COVID-19 and an indirect path through the following 

Table 1.  Weighted Descriptive Statistics (N = 3,890).

M/% SD Range

Zika proximity index 2.05 1.46 0–5
Perceived likelihood of contracting COVID-19 3.49 1.52 1–5
Worried/extremely worried pregnancy-fetal COVID-19 complications 82.7%  
All women should avoid pregnancy during pandemic 4.11 1.36 1–5
Changed mind regarding intention to postpone or forgo pregnancy 

because of COVID-19 pandemic
23.5%  

Does not want another child 32.3%  
Has a child 51.7%  
Age 18–26 52.9%  
Race (non-White) 69.8%  
Completed high school or less 68.5%  
Lives in metro Recife 43.5%  
Income category (1–7) 4.06 1.62 1–7
Married or lives with partner 44.1%  
Zika proximity index items
  Knows at least one person who had Zika (confirmed or suspected) 70.8%  
  Someone in respondent's household or family had suspected or 

confirmed case
42.3%  

  Knows at least five people who had Zika 36.9%  
  Knows any children with microcephaly 26.7%  
  Suspected or confirmed case 22.2%  

Source: Demographic Consequences of Epidemics Project data; sample of nonpregnant women.
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mediators: perceived probability of COVID-19 infection, 
worry about pregnancy/fetal complications due to COVID-
19, and attitudes about pregnancy during the pandemic. We 
used maximum likelihood robust estimation to account for 
the dichotomous nature of the outcome variables, and we 
employed full information maximum likelihood estimation 
to handle missing values (Enders 2013). All models included 
raked sampling weights.

Estimates in the path models are interpreted like regres-
sion coefficients, although a path model uses covariance 
matrix to estimate associations between variables simultane-
ously. Indirect paths are useful for examining the mecha-
nisms through which a process operates. For example, we 
hypothesize that it is not simply enough for a woman to have 
social proximity to Zika to change her mind about her child-
bearing intentions. The social proximity to Zika only influ-
ences these decisions inasmuch as the experience of social 
proximity prompts her to consider her subjective assess-
ments of COVID-19, that is, the likelihood that she would 
contract COVID, the extent to which she would worry about 
the pregnancy complications due to COVID, and the atti-
tudes she holds about whether women should avoid preg-
nancy during the pandemic. In other words, there is no direct 
influence of social proximity to Zika on childbearing inten-
tions during the COVID pandemic; there is only an (indirect) 
influence through how Zika proximity prompts her to evalu-
ate and interpret risk during the pandemic.

Results

The descriptive statistics in Table 1 show that about three-
fourths of the respondents know at least one person who had 
a suspected or confirmed case of Zika during the epidemic 

(70.8 percent). Regarding additional measures of social 
proximity to Zika, 42.3 percent of the respondents had some-
one in their household or family with a suspected or con-
firmed case of Zika. Approximately a third of the sample 
(36.9 percent) knew at least five people who had Zika, and 
approximately one-fourth (26.7 percent) knew at least one 
child with microcephaly. Finally, 22.2 percent of the women 
we interviewed suspected or confirmed a Zika diagnosis. 
Combined, these statistics reflect the high prevalence of Zika 
and the pervasiveness of microcephaly in the state of 
Pernambuco.

Approximately half of the sample (51.7 percent) are 
mothers, and 44.1 percent are married or cohabiting with a 
partner. Regarding COVID-19, most women in our sample 
were worried or extremely worried about pregnancy or fetal 
COVID-19 complications. About a fourth of the women 
interviewed (23.5 percent) reported a change in their fertility 
intentions directly due to COVID-19 in 2020. We next show 
results of path models to further understand this perceived 
change in fertility intentions that resulted in women either 
postponing or forgoing childbearing because of COVID.

Figure 1, which shows the results from the path models, 
indicates that greater social proximity to Zika during the 
Zika epidemic was not directly associated with a greater like-
lihood of intending to postpone or forgo pregnancy because 
of COVID-19 during the first year of the pandemic (b = 0.06, 
odds ratio [OR] = 1.06, p < n.s.).

Testing indirect paths via subjective assessments in Figure 1 
elucidated how social proximity to Zika influenced women’s 
subjective assessments of the pandemic, which ultimately pre-
dicted their intention to avoid a pregnancy because of COVID-
19. Greater social proximity to Zika during the Zika epidemic 
was associated with a higher likelihood of perceiving a higher 

Figure 1.  Path model predicting change in fertility intentions because of COVID-19 (N = 3,890).
Note: Akaike information criterion = 91,163.75; Bayesian information criterion = 91,721.44.
*p < .05. **p < .01. ***p < .001.
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risk of infection of COVID-19 (b = 0.10, p < .05), which, in 
turn, predicted a higher likelihood of worry about pregnancy 
and fetal complications due to COVID-19 (b = 0.04 p < .001). 
Greater worry about COVID infection, in turn, predicted stron-
ger agreement that all women should avoid pregnancy during 
the COVID-19 pandemic (b = 0.47 p < .01). Stronger agree-
ment that all women should avoid pregnancy during the 
COVID-19 pandemic predicted a higher likelihood of intend-
ing to postpone or forgo pregnancy because of the COVID-19 
pandemic (b = .22, OR = 1.24, p < .05). The associations 
between each subjective assessment provide evidence for a 
sequence of women’s scarring that links two back-to-back 
novel infectious disease outbreaks that women have experi-
enced to fertility intentions.

We next disaggregated changes in fertility intentions into 
intention to forgo versus intention to postpone childbearing 
because of COVID-19 (Figure 2). Overall findings from 
Figure 2 suggest that the sequence of subjective assessments 
linking social proximity to Zika to fertility intentions during 
COVID-19 generally operates similarly for intentions to 
postpone and intentions to forgo pregnancy. The magnitude 
of most of the paths for the subjective assessments is similar 
for intentions to postpone and intentions to forgo. However, 
the significance levels differ; the paths predicting intentions 
to postpone are all statistically significant, whereas most of 
the paths predicting intentions to forgo do not reach statisti-
cal significance. The most prominent difference between 
intentions to postpone versus intentions to forgo pregnancy 
because of COVID is the association between worry about 
pregnancy and/or fetal complications due to COVID and 
fertility attitudes, with a large coefficient magnitude for 

intentions to postpone pregnancy (b = 0.77, p < .01) that is 
negligible for intentions to forgo pregnancy altogether 
(b = 0.11, p = n.s.).

Sensitivity analyses by age, race, socioeconomic status 
levels, age, motherhood status, marital union status, and chil-
dren’s age are shown in Table 2. Results from disaggregated 
models by these characteristics follow a general similar trend 
to results shown in Figure 1—while there is no direct path 
between social proximity to Zika and fertility intentions dur-
ing COVID-19, there is an indirect path between social prox-
imity to Zika and fertility intentions during COVID-19 that 
is moderated by subjective assessments of the pandemic.

We estimate further sensitivity analyses to ensure that the 
Zika social proximity index is not also capturing COVID-19 
social proximity. The correlation between the Zika social 
proximity index and an analogous COVID-19 social proxim-
ity index is only 0.22. Additional models in which we control 
for a COVID-19 social proximity index show substantively 
similar results to those presented here.

Discussion and Conclusion

With the COVID-19 pandemic occurring only three years 
after the Zika epidemic ended, women of childbearing age in 
places heavily affected by the 2015–2017 Zika epidemic, 
such as Brazil, navigated fertility during back-to-back novel 
infectious disease outbreaks surrounded by high levels of 
uncertainty and fear. With scientists predicting an “era of 
pandemics” characterized by a global rise in novel infectious 
diseases (The Lancet Planetary Health 2021), the occurrence 
of consecutive outbreaks may increase, with transformative 

Figure 2.  Path model predicting childbearing intentions for women intending to postpone pregnancy (above line, n = 2,289) and women 
intending to forgo pregnancy (below line, n = 1,219).
Note: Akaike information criterion = 53,735.42 (27,738.24); Bayesian information criterion = 54,245.95 (28,192.66).
The numbers in parentheses represents the fit statistics for the model for forgoing pregnancy.
*p < .05. **p < .01.
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impacts on how individuals everywhere navigate major life 
decisions such as pregnancy.

Our study used unique population-level probabilistic 
microdata from Brazil, the country most affected by the Zika 
epidemic and an epicenter of the COVID-19 pandemic, to 
demonstrate a scarring effect of one novel infectious disease 
outbreak to another that operates through subjective assess-
ments of the subsequent crisis, COVID-19. A woman’s social 
proximity to Zika during the Zika epidemic indirectly pre-
dicts fertility intentions three years later, during the COVID-
19 pandemic, through subjective assessments. These results 
show generally similar patterns for intentions to postpone 
and intentions to forgo pregnancy, although only the paths 
predicting intentions to postpone remain statistically signifi-
cant, even after controlling for parity and alternative analyti-
cal strategies considering differential selection to Zika social 
proximity.

Broadly, our findings speak to the transformative conse-
quences of novel infectious disease outbreaks that go beyond 
mortality and health. This study extends emerging descrip-
tions of pandemic-induced changes in fertility intentions to 
underscore the subjective assessments explaining them and 
contribute to building knowledge on the importance of psy-
chosocial factors in explaining fertility during the pandemic 
(i.e., Manning et  al. 2022). Our results have important 

general implications for understanding the scarring effects of 
novel infectious disease epidemics and the importance of 
social proximity to a novel infectious disease and specific 
implications for understanding individual- and population-
level consequences of successive novel infectious disease 
epidemics for women’s pregnancy intentions and potentially, 
for fertility rates. We discuss each of these implications in 
turn and in correspondence with the study’s hypotheses.

First, our findings provide evidence of a scarring effect 
across outbreaks that operates via women’s subjective 
assessments of COVID-19. Our findings provide support for 
Hypotheses 1 and 2, which posited, respectively, no direct 
effects of social proximity to Zika on fertility intentions but 
indirect effects through subjective assessments. Results 
show that the path between social proximity to a previous 
epidemic and fertility intentions during the subsequent epi-
demic is mediated by subjective assessments of the subse-
quent crisis. More than three years since the Zika epidemic 
ended, women who had greater social proximity to the dis-
ease during the epidemic perceived a greater risk of infection 
with COVID-19, were more likely to be worried about fetal 
and birth complications from COVID-19, and were more 
likely to believe that all women should avoid pregnancy dur-
ing the pandemic. These subjective assessments ultimately 
were associated with a higher likelihood to intend to avoid 

Table 2.  Direct, Indirect, and Total Paths from Zika Proximity to Fertility Intentions due to the COVID-19 Pandemic.

Proximity → 
Fertility Intentions

Total Direct
Proximity → 

Risk Perception
Risk Perception 

→ Worry
Worry → 
Attitude

Attitude → 
Fertility Intentions

White
(n = 1,150)

0.09 0.01 0.04* 0.74** 0.26*

Non-White
(n = 2,735)

0.05 0.14** 0.04*** 0.37 0.21

Younger: 18–26
(n = 1,597)

0.16 0.11 0.03 0.56* 0.21

Older: 27–34
(n = 2,293)

-0.03 0.10* 0.05*** 0.37* 0.28**

High education
(n = 1,833)

0.07 0.08 0.03* 0.55** 0.41***

Low education
(n = 2,053)

0.09 0.10 0.04*** 0.41 0.16

In union
(n = 1,829)

0.04 0.09 0.04*** 0.25 0.22*

Single/not in union
(n = 2,061)

0.09 0.13* 0.04* 0.58* 0.21

Has child < 6 years old
(n = 1,227)

0.14 0.06 0.03** 0.27 0.13

No child < 6 years old
(n = 663)

-0.21 0.23** 0.03 0.23 0.04

No children
(n = 1,972)

0.10 0.10 0.05** 0.62* 0.37**

Source: Demographic Consequences of Epidemics Project data; weighted sample of nonpregnant women.
Note: Direct path reports the path from Zika proximity to postponing/forgoing fertility. Indirect path reports the mediated path from Zika proximity 
to postponing/forgoing through perceived probability of COVID-19 infection, worry about pregnancy-fetal complications due to COVID-19, and beliefs 
women should avoid pregnancy during the pandemic. Full sample reports models for postponing/forgoing childbearing combined (analogous to Figure 1).
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childbearing because of the COVID-19 pandemic. Had the 
COVID-19 pandemic not occurred or had it occurred many 
years after Zika, the impacts of the Zika epidemic might have 
begun to fade. However, the COVID-19 pandemic appears to 
have triggered a sense of risk and worry about another novel 
infectious disease and about childbearing during that new 
public health crisis that is linked to women’s experiences 
during the previous epidemic. This finding suggests that the 
effects of epidemics can spill over from one novel infectious 
disease outbreak to another.

Second, our results show that social proximity to Zika is 
an important predictor of women's risk perceptions, worry, 
and fertility attitudes during a subsequent public health cri-
sis. Whereas prior studies often capture exposure to a disease 
at a macro level and over a single outbreak, our measure 
drills down to the more proximate level of women’s social 
networks in a previous novel infectious disease outbreak. We 
argue that personally knowing people who have had Zika 
shapes women’s perceptions of the risks of novel infectious 
diseases and worries about the consequences for pregnancy 
likely because novel infectious diseases are more real to 
them and less of an abstract and distant threat that they hear 
about in the news. Our results show that social proximity to 
Zika—whether confirmed or suspected—matters in concrete 
ways for how women perceive infection risks and worry 
about pregnancy and fetal complications, which, in turn, 
shape fertility attitudes and fertility intentions during the 
COVID-19 pandemic. Our study suggests that collecting 
data about social proximity to infectious diseases across 
multiple outbreaks and social networks could be central for 
understanding how individuals perceive public health risks 
and how they modify their fertility intentions in response.

Even in the absence of a public health crisis, fertility 
intentions are often wrapped in at least some worry due to the 
risks inherent in pregnancy, childbirth, and childrearing. 
Social proximity to Zika during the epidemic is associated 
with a heightened likelihood of pregnancy worries during the 
COVID-19 pandemic. A third key point is that these com-
pounding subjective assessments about novel diseases dur-
ing consecutive outbreaks could translate into higher levels 
of stress and adverse mental health during pregnancy, which 
can also be associated with deleterious pregnancy and birth 
outcomes similar to the ones found regarding other shocks 
(Torche and Echevarría 2011).

Fourth, our results point to the potential consequences of 
the COVID-19 pandemic on fertility behavior in a below 
replacement level fertility, middle-income, and highly 
urban and unequal country. As emerging evidence points to 
fertility decline at least in high-income countries (Kearney 
and Levine 2020), our ability to distinguish between inten-
tions to postpone versus intentions to forgo pregnancy pro-
vides insight into whether observed changes in fertility 
rates following the pandemic might represent tempo or 
quantum effects. Supporting Hypothesis 3, we find that the 
logical sequence of the path between social proximity to 

Zika and fertility intentions works similarly for postponing 
and forgoing pregnancy—through subjective assessments 
of COVID-19—but that only the paths predicting inten-
tions to postpone are statistically significant. This points to 
a combination of potential tempo and quantum effects if 
most women are able to fulfill their fertility intentions 
through fertility rates. There has been some evidence of 
quantum effects (Sobotka et  al. 2023) but not much on 
tempo effects of the pandemic.

The COVID-19 pandemic has reshaped our world in pro-
found and unequal ways. Drawing evidence from a prior 
novel infectious disease outbreak, our study showed that the 
Zika epidemic has left scars that influence fertility inten-
tions years later via subjective assessments. The long-last-
ing effect of public health crises on fertility rates depends on 
whether these intentions become reality, but they may leave 
scars that impact intentions for years to come.
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