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ABSTRACT
Objectives To support the Zika virus (ZIKV) Individual 
Participant Data (IPD) Consortium’s efforts to harmonise 
and analyse IPD from ZIKV- related prospective cohort 
studies and surveillance- based studies of pregnant 
women and their infants and children; we developed and 
disseminated a metadata survey among ZIKV- IPD Meta- 
Analysis (MA) study participants to identify and provide 
a comprehensive overview of study- level heterogeneity 
in exposure, outcome and covariate ascertainment and 
definitions.
Setting Cohort and surveillance studies that measured 
ZIKV infection during pregnancy or at birth and measured 
fetal, infant, or child outcomes were identified through a 
systematic search and consultations with ZIKV researchers 
and Ministries of Health from 20 countries or territories.
Participants Fifty- four cohort or active surveillance 
studies shared deidentified data for the IPD- MA 
and completed the metadata survey, representing 
33 061 women (11 020 with ZIKV) and 18 281 children.
Primary and secondary outcome measures Study- 
level heterogeneity in exposure, outcome and covariate 
ascertainment and definitions.
Results Median study sample size was 268 (IQR=100, 
698). Inclusion criteria, follow- up procedures and exposure 
and outcome ascertainment were highly heterogenous, 
differing meaningfully across regions and multisite studies. 
Enrolment duration and follow- up for children after birth 
varied before and after the declaration of the Public Health 
Emergency of International Concern (PHEIC) and according 
to the type of funding received.
Conclusion This work highlights the logistic and 
statistical challenges that must be addressed to account 
for the multiple sources of within- study and between- 
study heterogeneity when conducting IPD- MAs of data 
collected in the research response to emergent pathogens 
like ZIKV.

INTRODUCTION
In 2016, the sharp surge in microcephaly 
incidence led to the declaration of Zika virus 
(ZIKV) as a Public Health Emergency of 

International Concern (PHEIC). Five years 
later, our understanding of the short and 
long- term effects of ZIKV exposure in utero 
is still incomplete.1–4 ZIKV is principally trans-
mitted by Aedes mosquitoes and can also be 
transmitted through unprotected sexual 
intercourse with a ZIKV- infected partner.5 6 
To date, 90 countries have reported autoch-
thonous ZIKV transmission.7

Diagnosis of ZIKV infection is challenging, 
expensive and time- consuming, especially in 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ We document the presence of cross- study and 
within- study heterogeneity across 54 different Zika 
virus- Individual Participant Data Meta- Analysis 
(ZIKV- IPD- MA) participant studies, from 20 coun-
tries or territories. At the time of submission, our 
study included one of the largest samples of women 
(n=33 061) and ZIKV- confirmed cases (n=11 020).

 ⇒ Study and laboratory protocols changed substan-
tially over time, as knowledge about ZIKV evolved, 
resulting in important heterogeneity across studies. 
The in- depth evaluation of the cross- study hetero-
geneity in exposure, outcome and covariate as-
certainment and definitions, elucidate logistic and 
methodological challenges inherent to conduct an 
IPD- MA of emergent pathogens.

 ⇒ The level of heterogeneity across studies underlines 
the urgent need to develop statistical methods that 
account properly for the measurement error in both, 
exposure and outcome ascertainment, in the context 
of an IPD- MA of an emergent pathogen.

 ⇒ This assessment could be used to appropriately 
separate measurement versus clinically relevant 
sources of heterogeneity in the ZIKV- IPD- MA.

 ⇒ This appraisal can be used as a template for the 
transparent and comprehensive treatment of differ-
ent sources of bias when harmonising and analys-
ing IPD collected in the research response to other 
emerging pathogens.
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endemic areas where cross- reactivity and cocirculating 
arboviruses are important concerns.8–14 Most ZIKV infec-
tions (75%–85%) are asymptomatic.1 5–7 If symptoms arise, 
the presence of conjunctivitis and rash distinguish ZIKV 
from other self- limited febrile arboviral infections (e.g., 
dengue virus (DENV), chikungunya (CHIKV)).6 15 16 The 
confirmation of ZIKV includes ruling out the presence 
of DENV and other arboviruses via real- time or standard 
Reverse Transcription PCR (RT- PCR) or plaque reduc-
tion neutralisation test (PRNT).9 The performance of 
both immunological and molecular ZIKV tests differs 
according to the sensitivity and specificity of the assay, the 
characteristics of the sample (e.g., sample type, sample 
maintenance), the timing between symptom onset and 
sample collection and between sample collection and 
testing and the implementation and adherence to labora-
tory quality control (QC) procedures.8–10 17

ZIKV infections during pregnancy have been associated 
with severe outcomes including fetal loss and congenital 
Zika syndrome (CZS), a spectrum of clinical conditions 
including central nervous system- related congenital 
malformations (e.g., microcephaly) as well as ophthal-
mologic and musculoskeletal abnormalities.1 3 American 
and Asian ZIKV strains have been causally related to 
fetal and postnatal onset microcephaly and CZS; recent 
nonhuman experimental studies describe higher than 
expected fetal pathogenicity among recent ZIKV African 
strains.18 There is no specific treatment for ZIKV other 
than management of symptoms and no ZIKV vaccine has 
yet been approved for use.6 7 19 20 At the country level, 
ZIKV- related healthcare needs and employment loss cost 
an estimated US$2.3 billion per year and caused average 
yearly loss of over 44 000 disability- adjusted life years.21–24

The ZIKV Individual Participant Data (IPD) Consor-
tium was created in 2017 to bring together ZIKV- 
focused clinical and social science researchers and other 
stakeholders to conduct an IPD meta- analysis (IPD- 
MA)2 25 of ZIKV- related cohorts and surveillance systems 
that measured ZIKV exposure during pregnancy or at 
birth. By harmonising existing IPD across related studies, 
the consortium will leverage existing data to develop 
and evaluate prognostic models to inform healthcare 
providers, pregnant women and couples planning a preg-
nancy and to improve prevention and control measures 
through identifying groups at the highest risk of adverse 
consequences during future outbreaks. In addition to 
priorities for improved diagnosis, management and 
prevention of ZIKV infection described in the ZIKV 
Research and Development Roadmap,26 the ZIKV IPD 
Consortium’s research priorities are to: (1) identify modi-
fiers of the relation between ZIKV infection during preg-
nancy and adverse short and long- term fetal, infant and 
child outcomes, (2) assess the role of measurement error 
and other sources of bias in study estimates and (3) assess 
the long- term effects of congenital exposure for children 
with and without clinical or laboratory signs of congen-
ital infection at birth, with consistent definitions of CZS.2 
The ZIKV- IPD Consortium IPD- MA currently includes 65 

cohorts and local surveillance sites from 24 countries and 
territories in the Americas, Asia, Europe and Africa.2

Several logistic and analytic challenges complicate the 
pooled analysis of retrospectively harmonised IPD from 
longitudinal studies in the ZIKV IPD- MA. Cross- study and 
within- study assessment of the risk of adverse fetal, infant 
and child ZIKV- related outcomes has been limited by: 
heterogeneity in study design, selection bias, differential 
ascertainment of important confounders or mediators, 
limitations in the ascertainment of exposure (e.g., timely 
diagnosis or incomplete follow- up) and outcomes (e.g., 
pregnancy losses or terminations) and lack of standardi-
sation in definitions across studies, which were primarily 
launched - during the acute phase of the ZIKV outbreak 
in 2015–2016.1–3 7 11 Therefore, well- characterised meta-
data are essential to appropriately account for study- 
level sources of heterogeneity in outcome or imputation 
models and to further improve the precision of subject- 
level inference in IPD- MA studies.

To support the ZIKV IPD Consortium’s efforts to 
harmonise and analyse IPD from ZIKV- related prospec-
tive cohort studies and surveillance- based studies of preg-
nant women and their infants and children, we developed 
and disseminated a survey of study- level characteristics 
(i.e., metadata). Here, we present the results from the 
ZIKV- IPD metadata survey to provide a comprehensive 
overview of study- level sources of heterogeneity related to 
IPD data sets that have or will be made available for the 
IPD- MA. The in- depth evaluation of cross- study hetero-
geneity in exposure, outcome and covariate ascertain-
ment and definitions will be used to inform and develop 
the analytic methods required to appropriately separate 
measurement- derived versus clinically derived sources 
of heterogeneity in the ZIKV IPD- MA. This comprehen-
sive metadata review describes the different sources of 
bias and heterogeneity in the analysis of ZIKV- related 
studies. It serves as a template for future work to harmo-
nise and analyse IPD collected in the research response 
to emerging pathogens, where changes to best practice, 
definitions and study and laboratory protocols proscribe 
the use of traditional metadata extraction.

METHODS
Study selection
Studies eligible to participate in the IPD- MA and 
corresponding metadata survey were identified 
through a systematic search registered on PROSPERO 
(CRD42017068915) that was subsequently published 
elsewhere.2 25 The systematic search, developed in 
consultation with an information scientist and initially 
conducted on 8 July 2018, applied Medical Subject Head-
ings (MeSH) and text terms to the Ovid (Medline and 
Embase) without date, geography or language- related 
restrictions. Additional studies were identified through 
consultation with subject matter experts, Ministries of 
Health (MoH) and regional health authorities (WHO, 
PAHO) and through a monthly PubMed alert that 
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applied the following text terms: Zika[Title] AND proto-
col[Title/Abstract] and Zika[Title] AND cohort[Title]. 
Longitudinal observational studies or local surveillance 
systems that (1) conducted laboratory testing for ZIKV 
during pregnancy or at birth; (2) measured fetal, infant 
and/or child outcomes and (3) included at least 10 indi-
viduals (women or children) were eligible. Details of the 
systematic search to identify eligible studies, including 
the search strategy, PICOT criteria, eligibility, and the 
screening and selection steps are presented in online 
supplemental appendix 1, figure S1. Eligible studies were 
invited via e- mail to share data and to actively participate 
in the development and completion of the IPD- MA.

Metadata survey development and dissemination
To obtain key metadata information, specifically about 
procedures that could have potentially changed after 
studies’ implementation, and to obtain information 
directly from investigators instead of relying on informa-
tion included in published studies or protocols, we devel-
oped a comprehensive metadata survey of completed 
and ongoing ZIKV- related studies available in English, 
Spanish and Portuguese (online supplemental appendix 
2). We programmed the survey using Research Electronic 
Data Capture (REDCap)27 software and disseminated 
the survey to sites that agreed to share participant- level 
data for the IPD- MA. The metadata survey included 
964 items related to study location, design, population, 
enrolment criteria and sample size; maternal, placental, 
fetal and infant ascertainment of ZIKV; ascertainment of 
microcephaly and CZS (clinical and laboratory criteria), 
other arboviruses and Syphilis; Toxoplasmosis, Rubella, 
Cytomegalovirus and Herpes (STORCH) pathogens; 
genetic testing, child development assessment, funding 
and duration and timing of follow- up contacts. ZIKV IPD 
Consortium members (online supplemental appendix 
3) formed expert panels that were designated as subject 
matter working groups (WGs) for outcomes, exposures, 
social sciences, metadata and harmonisation. Each WG 
included clinicians with expertise in relevant areas (e.g., 
neonatology, neurology, psychology, virology), epidemi-
ologists, sociologists and members of the metadata and 
harmonisation team (i.e., consortium members who will 
work on the harmonisation of the data as it becomes 
available). Using the ZIKV IPD- MA protocol as a guide, 
the WGs met and reviewed the established exposure and 
outcome- related components of the metadata survey to 
ensure its comprehensiveness, this is, that the draft survey 
included all potential exposures, outcomes and likely 
confounders and the methods for their ascertainment or 
measurement. The WGs also assessed the utility of survey 
in terms of public health and epidemiological relevance 
to potential end users such as other researchers, policy-
makers and healthcare practitioners. The metadata survey 
was first circulated to ZIKV- IPD Consortium members 
in June of 2020 and closed to new responses in March 
2021. Investigators received two monthly reminders to 
complete the survey and were contacted individually to 

resolve study- level missingness and to address inconsis-
tencies between survey responses and published study 
reports.

Data analysis
Overall design, recruitment, exposure, outcome and 
covariate ascertainment variables included in the resul-
tant metadata dataset were described using median and 
IQR for continuous variables and proportions for cate-
gorical variables, analysis and figures were created using 
RStudio Team (R Core Team (2020) Version. 4·0·5). The 
metadata were assessed for cross- study and within- study 
heterogeneity in recruitment, exposure, outcome and 
covariate ascertainment and definitions. ZIKV ascertain-
ment practices were assessed by the type (e.g., serological 
or molecular testing), timing of the ascertainment (e.g., 
antenatal, perinatal and postnatal) and type or source of 
guidelines used. We conducted a post hoc qualitative bias 
assessment that describes potential issues with design and 
exposure and outcome ascertainment.

Patient and public involvement statement
This study assesses already collected data from ongoing 
or already finished ZIKV research studies conducted 
during the ZIKV epidemic and PHEIC. Our unit of anal-
ysis are studies, not individuals. For this study, we did not 
involve patients in the development of research questions 
or outcome measurement. However, the ZIKV- IPD- MA 
Consortium aims to leverage existing data to develop and 
evaluate prognostic models to inform pregnant women 
and couples planning a pregnancy and to improve 
prevention and control measures through identifying 
groups at the highest risk of adverse consequences during 
future outbreaks. The consortium is in constant commu-
nication with principal investigators (PIs), co- PIs and site 
coordinators of the participant studies. Each participant 
study has a study- specific plan to disseminate their results. 
IPD- MA research results are disseminated among PIs, 
co- PIs and site coordinators as part of the already estab-
lished different monthly WG meetings and yearly consor-
tium meetings.

Role of the funding source
The systematic review and metadata survey were drafted 
and revised with funding support provided by the Well-
come Trust to the WHO Department of Sexual and 
Reproductive Health and Research Human Reproduc-
tion Program, grant numbers 206532/Z/17/Z and 
216002/Z/19/Z, respectively. The funder of the study 
had no role in study design, data collection, data analysis, 
data interpretation or writing of the report.

RESULTS
From 160 eligible publications identified through the 
systematic search and 145 studies identified through 
consultation, 63 cohort study or surveillance sites, repre-
senting 59 unique data sets agreed to share deidentified, 
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participant- level data for the ZIKV- IPD- MA (figure 1A). 
The metadata survey was completed for 54 of these data 
sets (91.5%). Remaining studies (n=5) did not initiate or 
complete the metadata survey after 9 months of regular 
follow- up. The four teams that reported a reason for non- 
participation, reported multiple considerations including 
inadequate time or resources to support participation 
(n=4), lack of consensus on participation from their team 
(n=1) and need for special permissions from MoH (n=1). 
The difference between the number of study sites and 
unique data sets is explained by the inclusion of studies 
using data from a single surveillance system or multisite 
studies for which the metadata (e.g., source population, 
ZIKV assays and outcome ascertainment) did not vary 
across sites. For instance, the NIH/National Institute of 
Allergy and Infectious Diseases (NIAID)funded Interna-
tional Prospective Observational Cohort Study of Zika 
in Infants and Pregnancy study28 and the European 
Commission Horizon 2020- funded ZIKAlliance study29 30 
each standardised outcomes definitions and laboratory 
procedures across sites, but due to specific differences 
in the source population or follow- up procedures, these 
studies are analysed individually by study site here. In 
contrast, the US Zika Pregnancy and Infant Registry31 32 is 
an enhanced surveillance programme including 50 states 
and other US territories with a shared standardised 
protocol contributing to a single metadata data set. The 
Puerto Rico Zika Active Pregnancy Surveillance System 
study,33 part of the overall US Zika registry programme, 
has a slightly different protocol and is included as a sepa-
rate data set.

Recruitment
Table 1 presents the basic characteristics of participating 
studies by geography. The 54 studies that completed the 
metadata survey included 33 061 women (non- pregnant, 
pregnant and puerperal), 11 030 confirmed maternal 
ZIKV cases and 18 281 infants and children from 20 
countries or territories. Details including study location, 
authors, source population, enrolment characteristics, 
study design, recruitment and follow- up visits, sample 
size and funding are presented in online supplemental 
appendix 1, table S1. Twenty- three studies (43%) were 
conducted in Brazil (figure 1B). Thirty- seven studies 
(68%) recruited participants from healthcare facilities 
and three studies included travellers returning from 
endemic countries. Fifty studies enrolled pregnant and or 
puerperal women, three studies enrolled infants at birth 
and collected retrospective information on ZIKV symp-
toms during pregnancy, and one study included women 
of reproductive age regardless of pregnancy status. 
Figure 2 shows the duration of enrolment and infant and 
child follow- up by type of funding and figure 3 shows 
the study size, enrolment start date and ZIKV positivity 
by study design. Duration of enrolment ranged from 1 to 
60 months (median=18; IQR=11, 28 months) (table 1). 
The most frequent study design was prospective cohort 
(83%). Surveillance studies (15%), with recruitment 

based on clinical or laboratory criteria (e.g., PCR or 
immunoassays), were by default case- only studies and 
often included larger sample sizes. Studies that limited 
enrolment to ZIKV positive women (32%) or had a 
higher percentage of ZIKV- positive women often started 
enrolment before the declaration of the PHEIC in 2016 
(figure 3). Self- funded studies (n=7) and studies receiving 
local or national funding (n=12) generally initiated enrol-
ment before the declaration of the PHEIC while studies 
receiving international funding mostly started enrolment 
months after (figure 2).

Exposure ascertainment
Assessment of ZIKV infection in pregnant or puerperal 
women and fetal and infant ascertainment are presented 
in table 1 and figures 4 and 5. Assessment of maternal ZIKV 
status (n=51) included laboratory confirmation alone in 
38 studies (74%) and clinical definitions plus laboratory 
confirmation in 13 studies (25%). The median propor-
tion of ZIKV- positive women per study was 47% (IQR=3, 
100%). The laboratory assessment of ZIKV in pregnant 
women included PCR (94%), ELISA for immunoglobulin 
M (IgM) or immunoglobulin G (IgG) (69%) and PRNTs 
(24%). From the studies performing PCR, 71% reported 
cycle threshold (Ct) values and 73% reported QC proce-
dures; 74% of studies conducting ELISAs, reported QC 
procedures. Four surveillance- based studies where the 
testing was done at local or national surveillance labo-
ratories did not provide details of laboratory techniques 
or QC procedures. Twenty- seven studies ascertained fetal 
ZIKV exposure using a combination of maternal and fetal 
laboratory criteria (e.g., diverse testing of fetal tissues or 
umbilical cord) and used imaging as supporting ascertain-
ment tool. Forty- one studies ascertained ZIKV in infants 
using PCRs (80%), ELISAs (61%) and PRNTs (12%). 
Maternal testing for DENV and CHIKV was conducted 
in 69% (n=35) and 61% (n=31) studies, respectively 
(figure 4).

Outcome ascertainment
Antenatal and postnatal ascertainment of microcephaly 
was completed in 51 studies (94%). Criteria used to 
define microcephaly followed national or international 
standards (i.e., WHO, Intergrowth or MoH definitions) 
in 42 studies (81%); 10 studies (19%) used their own 
study- specific criteria. Congenital ZIKV exposure or CZS 
was assessed in 46 studies (85%), from which 31 (67%) 
used international standard criteria and 15 (33%) study- 
specific definitions. Fetal ultrasounds were performed in 
39 (74%) studies (range: 1–12 ultrasounds per pregnant 
woman) and 10 studies performed fetal MRIs. Postnatal 
cranial ultrasounds and brain MRIs were performed in 36 
and 17 studies, respectively. Termination of the pregnancy 
was documented in 30 (55%) studies (table 1). Duration 
of follow- up (median=24; IQR=15, 29 months) differed 
by the ZIKV status of pregnant women, microcephaly 
status of newborns and funding source (figure 2).
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Figure 1 Metadata flowchart (A) and ZIKV- metadata countries and territories participants (B). *The difference between the 
number of study sites and unique datasets is explained by the inclusion of studies using data from a single surveillance system 
or multisite studies for which the metadata (e.g., source population, ZIKV assays, and outcome ascertainment) did not vary 
across sites. CDC, Center for Diseases Control; IPD- MA, Individual Participant Data-meta- analysis; MoH, Ministries of Health; 
PAHO, Pan American Health Organization; ZIKV, Zika virus.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-064362 on 22 N

ovem
ber 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/


6 Carabali M, et al. BMJ Open 2022;12:e064362. doi:10.1136/bmjopen-2022-064362

Open access 

Table 1 Summary table of study- level characteristics among participants of the ZIKV- IPD- MA metadata survey

Characteristic
Overall
N=54*

Study’s origin

Brazil
N=23 (43%)

Other countries
N=31 (57%)

Number of pregnant women

  Median (IQR) 268 (100, 698) 178 (98, 522) 436 (113, 1,108)

Number of ZIKV (+)

  Median (IQR) 68 (18, 182) 66 (47, 150) 72 (16, 182)

% ZIKV (+) per study

  Median (IQR) 47 (3, 100) 68 (7, 100) 36 (2, 100)

Number of children

  Median (IQR) 154 (54, 487) 130 (54, 357) 220 (52, 616)

Study design

  Case cohort 1 (2%) 1 (4%) 0 (0%)

  Cohort 45 (83%) 20 (87%) 25 (81%)

  Surveillance 8 (15%) 2 (9%) 6 (19%)

Source population

  Community 6 (11%) 4 (17%) 2 (6.6%)

  Community and healthcare facility 8 (15%) 6 (26%) 2 (6.6%)

  Community+travellers 2 (4%) 0 (0%) 2 (6.6%)

  Healthcare facility 37 (68%) 13 (57%) 24 (77%)

  Travellers 1 (2%) 0 (0%) 1 (3.2%)

Enrolment criteria

  Children only 3 (5%) 3 (13%) 0 (0%)

  Not pregnant 1 (2%) 1 (4%) 0 (0%)

  Pregnant and/or puerperal women 50 (93%) 19 (83%) 31 (100%)

  Inclusion limited to ZIKV(+) pregnant women 17 (32%) 6 (26%) 11 (37%)

Duration of enrolment (months)

  Median (IQR) 18 (11, 28) 18 (11, 27) 18 (11, 27)

Duration of follow- up (months)

  Median (IQR) 24 (15, 29) 24 (12, 36) 24 (18, 24)

Received funding 47 (87%) 20 (87%) 27 (87%)

Type of funding received

  International funding 22 (41%) 4 (17%) 18 (58%)

  Multiple sources 13 (24%) 10 (43%) 3 (9.7%)

  National/local funding 12 (22%) 6 (26%) 6 (19%)

  No/self- funding 7 (13%) 3 (13%) 4 (13%)

Maternal ZIKV assessment 51 (94%) 20 (87%) 31 (100%)

Maternal immunoassay 35/51 (69%) 13/20 (65%) 19/31 (61%)

Maternal PCR 48/51 (94%) 17/20 (85%) 31 (100%)

Maternal PRNT 12/51 (24%) 5/20 (25%) 7/31 (23%)

DENV testing 35/51 (69%) 15/20 (75%) 20/31 (64%)

CHIKV testing 31/51 (61%) 14/20 (70%) 17/31 (61%)

HIV testing 44/52 (85%) 19/23 (83%) 25/29 (86%)

STORCH testing 40/51 (78%) 19/23 (83%) 21/28 (75%)

Fetal ZIKV assessment 27/53 (51%) 10/22 (45%) 17/31 (55%)

Infant ZIKV assessment 41/53 (77%) 17/22 (77%) 24/31 (77%)

Continued
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Infant and child development were assessed in 40 (75%) 
studies using several different international scales, some 
of which were adapted to local languages and contexts.34 
The most used scales were the Bayley Scales of Infant 
Development (BSID) (75%) and the Ages & Stages Ques-
tionnaires Social- Emotional, Second Edition (ASQ- SE- 2) 
(52%). The age range for developmental assessment 
varied greatly (median age=24; IQR=18, 30, range=3, 
60 months). Two studies from the same research group 
reported applying the Warner Initial Developmental 
Evaluation of Adaptive and Functional Skills and four the 
Alberta Infant Motor Scale to provide further informa-
tion on developmental and motor delays not captured by 
the ASQ- SE- 2 and BSID35 (online supplemental appendix 
1, table S2). Five studies reported planning to follow chil-
dren beyond age 5 to assess developmental delays that 
relate to school performance, using the INTERGROWTH- 
21st Neurodevelopment Assessment or the neuropsycho-
logical tests NEPSY–II.

Covariate ascertainment
Genetic screening and testing were performed in nine 
and eight studies, respectively. Online supplemental 
figure S2 (online supplemental appendix 1) presents 
the distribution of genetic testing, maternal STORCH 
and another pathogen ascertainment. HIV testing was 
conducted in 44 (81%) studies. Fifty- one studies tested 
for STORCH pathogens, including syphilis (72%), toxo-
plasmosis (70%), rubella (59%), Cytomegalovirus (57%) 
and herpes (37%). Four studies tested for malaria. 
Sociodemographic and behavioural factors measured by 
studies included education (83%), occupation (62%), 

marital status (77%), household socioeconomic status 
(71%), maternal exposure to workplace teratogens 
(33%), exposure to intimate partner violence (18%), 
recreational drug use/abuse (82%), smoking (82%), 
alcohol consumption (80%) and ethnicity (67%) (online 
supplemental appendix 1, table S3). Covariate selection 
and ascertainment varied by study type (surveillance- 
based vs cohort), duration, timing related to declaration 
of PHEIC, location and funding level and source.

Quality of data and risk of bias assessment
The metadata data set included information obtained 
directly from investigators and substantiated by published 
reports to ensure reliability and quality of the informa-
tion. The potential sources of bias identified across the 
participant studies relate to selection bias due to differ-
ential selection, as by the presence of symptoms or 
observable congenital malformations, into the study and 
follow- up, and measurement error due to exposure and 
outcome ascertainment which were differential by the 
presence of symptoms and by ZIKV assay results. Hence, 
the potential risk of both selection bias and measurement 
error was likely highest at the beginning of the epidemic, 
and surveillance- based studies were likely affected by 
under and over- reporting at different stages of the 
epidemic. The metadata survey demonstrated that study 
protocols changed importantly over the course of study 
implementation to account for advances in the under-
standing of ZIKV presentation (e.g., the high percentage 
of asymptomatic cases), diagnostics (e.g., cross- reactivity 
with DENV), these changes increased the likelihood for 
potential misclassification, and for the ascertainment of 

Characteristic
Overall
N=54*

Study’s origin

Brazil
N=23 (43%)

Other countries
N=31 (57%)

Prenatal microcephaly assessment 40 (74%) 16 (70%) 24 (77%)

Pre and postnatal microcephaly assessment 51 (94%) 23 (100%) 28 (90%)

Fetal ultrasounds 39/53 (74%) 15/23 (65%) 24/30 (80%)

Postnatal ultrasound 36/53 (68%) 13/23 (57%) 23/30 (77%)

Fetal MRIs 10/52 (19%) 3/23 (13%) 7/29 (24%)

Postnatal MRI 17/52 (33%) 8/23 (35%) 9/29 (31%)

CZS assessment 46 (85%) 22 (96%) 24 (77%)

CZS identification criteria

  Study definition 15/46 (33%) 7/22 (32%) 8/24 (33%)

  WHO/CDC/MoH 31/46 (67%) 15/22 (68%) 16/24 (67%)

Genetic screening 9/53 (17%) 2/23 (8.7%) 7/30 (23%)

Performed child developmental assessment 40/53 (75%) 16/22 (73%) 24/31 (77%)

Documented termination of pregnancy 30 (55%) 9 (39%) 21 (68%)

*Total number of studies, unless otherwise specified is (n=54 for all studies; n=23 for Brazilian studies and n=31 for other countries).
CHIKV, Chikungunya Virus; CZS, Congenital Zika Syndrome; DENV, Dengue Virus; MoH, Ministry of Health; PRNT, plaque reduction 
neutralisation test; STORCH, Syphilis; Toxoplasmosis, Rubella, Cytomegalovirus and Herpes Testing; ZIKV (+), confirmed ZIKV positive.

Table 1 Continued
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long- term outcomes (e.g., development of adverse devel-
opmental outcomes that were not observed at birth), 
and to accommodate funding availability, especially in 

the Americas region. The misclassification of ZIKV infec-
tion is foregrounded in our presentation of the diversity 
of methods, resources, definitions and classifications 

Figure 2 Duration of enrolment and follow- up for children by type of funding among participants of the ZIKV- IPD- MA metadata 
survey. IPD- MA, Individual Participant Data-meta- analysis; PHEIC, Public Health Emergency of International Concern; ZIKV, 
Zika virus.
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applied in studies’ ascertainment of maternal, fetal and 
infant ZIKV infection across all study settings and designs 
(table 1, figures 4 and 5). Genetic testing, fetal ultra-
sounds and MRIs used for outcome ascertainment are 
presented in online supplemental appendix 1, table S4, 
and the type of maternal, fetal and infant ZIKV exposure 
assessment among ZIKV- IPD- MA study participants of the 
metadata survey are presented in online supplemental 
appendix 1, tables S5a- S5c.

DISCUSSION
We conducted a comprehensive metadata survey to collect 
study- level data on exposure, outcome and covariate 
ascertainment to ensure the appropriate harmonisation 
and analysis of participant- level data from ZIKV- IPD- MA 
contributing studies. We found a high level of cross- study 
and within- study heterogeneity in both maternal ZIKV 
exposure and outcome ascertainment and the analysis of 
the evolving spectrum of congenital malformations and 
postnatal onset developmental delays that define CZS.

The range and distribution of study- level metadata have 
important public health and epidemiological implications 
related to the: (1) accurate communication of individual- 
level and population- level risk, (2) reliable identification 
of prognostic factors and effect measure modifiers for 
ZIKV- related outcomes and (3) urgent need to develop 
statistical methods that account properly for the measure-
ment error in both exposure and outcome ascertain-
ment in the context of an IPD- MA. Below we discuss the 
advantages of our approach to metadata collection, key 
study- level sources of heterogeneity and the potential 
implications of our findings for the analysis of completed 
or ongoing IPD- MAs and the design of future research 
responses to emerging pathogens.

First, in the research response to emerging pathogens, 
stakeholder consultation is likely more effective than 
a traditional systematic review for identifying eligible 
studies and obtaining reliable metadata.36–40 We initially 
tried to collect study- level metadata from publications 
or otherwise available protocols. However, we found 
important differences in design, definitions and ascertain-
ment procedures between the available documentation 
and investigator self- reports. The conflicting or incom-
plete information across information sources, especially 
as related to exposure ascertainment and QC procedures, 
led us to develop the metadata survey.

Second, our metadata survey identified sources of 
heterogeneity across and within studies that are not 
commonly observed in IPD- MAs of well- characterised 
pathogens or in chronic diseases.41–43 Study and labo-
ratory protocols changed substantially over time, as 
knowledge about ZIKV evolved, resulting in important 
heterogeneity across studies.5 9 15 For example, diagnostic 
algorithms and testing guidelines evolved from using 
serology and RT- PCR to include PRNT testing over the 
course of the epidemic.5 9 14 15 44 45 The high ZIKV infec-
tion attack rates (17–55%) reported during the epidemic 
across the Americas and the causal link with micro-
cephaly4 5 17 46–49 prompted a rapid rollout of cohorts 
of pregnant women. Due to the natural course of the 
epidemic and to study inclusion criteria, studies initiated 
around the epidemic peak or immediately after the decla-
ration of PHEIC had higher ZIKV- positive rates among 
pregnant women compared with studies initiated later 
in the epidemic. Enrollment (criteria and duration), the 
follow- up for pregnant women and their children and the 
planned methodological approaches varied by the type 
of funding. Thus, the natural course of the epidemic, 

Figure 3 ZIKV positivity by study’s start date, sample size and study design among participants of the ZIKV- IPD- MA metadata 
survey. IPD- MA, Individual Participant Data-meta- analysis; ZIKV, Zika virus.
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changes to understanding of ZIKV aetiology and funding 
mechanisms50 impacted the quality and amount of infor-
mation collected, further contributing to cross- study 
heterogeneity.

Third, ZIKV diagnosis and confirmation is chal-
lenging.3 9–12 14 15 17 45 Our findings indicate that the 
various criteria, definitions, assays and testing algorithms 
used for ZIKV diagnosis are key sources of heterogeneity 
in ZIKV infection ascertainment. The main challenges 
for the confirmation of ZIKV infection in our survey 
were the (1) lack of standardised or consistent guidelines 
and algorithms for ZIKV diagnosis; (2) ascertainment 
of ZIKV infection in settings that are endemic for other 

arboviruses using assays that do not adequately account 
for cross- reactivity and (3) lack of ascertainment of fetal 
ZIKV infection. Most studies indicated that ZIKV infec-
tion among pregnant women was ascertained using both 
clinical and laboratory criteria. However, the range and 
scope of the clinical criteria was as diverse as the number 
of studies and the definition of laboratory confirmation 
included several combinations of immunoassays and 
molecular techniques, each one with different standards 
of procedures, variable or unknown cut- off points and 
different or unknown approaches for QC. The urgency 
and limited knowledge about ZIKV called for the simul-
taneous, asynchronous development of diagnostic tests, 

Figure 4 Overview of ZIKV ascertainment among participants of the ZIKV- IPD- MA metadata survey. CHIKV, chikungunya virus; 
DENV, dengue virus; PRNT, plaque reduction neutralisation test; IPD- MA, Individual Participant Data-meta- analysis; ZIKV, Zika 
virus. *Ascertainment of ZIKV included a combination of maternal and fetal testing in some cases. **Imaging was reported as 
supporting information for the ascertainment.
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where researchers converged over time to a somewhat 
smaller number of more accurate assays or testing algo-
rithms.8 9 14 15 26 31 This lack of standardisation can be seen 
as both detrimental, if at early stages of the epidemic 
the testing was based only on the presence of symptoms 
or if the methods used were less accurate,11 13–16 31 and 
beneficial because it led to innovation in test develop-
ment.9 10 12 15 17 26

Fourth, smaller studies that were launched earlier in the 
epidemic, which were often the less resourced, are poten-
tially affected by an outcome and exposure ascertainment 
that is differential by the probability of infection, which in 
turn may influence the estimation of the long- term and 
short- term risk of ZIKV effects. Surveillance- based studies 
include mostly symptomatic individuals who are able to 
seek and receive healthcare attention (e.g., diagnosis and 
standard care).51 Given the high proportion of asymp-
tomatic ZIKV infections,6 7 47 52 some surveillance- based 
studies are likely affected by underreporting.15 46 52–54 
Neither studies launched early in the epidemic nor 
surveillance sites included comparable data on women 
who were not infected with ZIKV during pregnancy. In 
addition, health- seeking behaviour for symptomatic indi-
viduals depends also on socioeconomic determinants of 
access to health care,46 53 potentially leading to differen-
tial outcome ascertainment, representing another source 
of bias.17 53 55 For instance, in endemic areas, the presence 
of symptoms was related to antenatal healthcare prac-
tices (e.g., number of antenatal visits, ZIKV testing and 
ultrasounds and medical termination of the pregnancies) 

during the epidemic,46 leading to potential differential 
assessment of exposure and outcomes, including for 
miscarriages, induced and spontaneous fetal losses and 
congenital malformations. Additionally, cultural sensi-
tivity and restricted legal environments meant that only 
half of studies measured termination of pregnancy, which 
biases results differently across sites depending on abor-
tion access.56 Furthermore, a wide range of definitions of 
congenital Zika were implemented. Some studies used 
the WHO definition of CZS, others a modified version 
including isolated manifestations like ophthalmological 
abnormalities and several the presence of microcephaly 
at birth to define CZS. Therefore, the few cohort studies 
with longer follow- up are valuable resources for under-
standing the longer term consequences of congenital 
ZIKV infection among infants born without manifesta-
tions of congenital ZIKV because studies with short or no 
follow- up for children would not have captured potential 
cognitive or developmental issues.1 3 34 35

These four issues pose both statistical and logistical 
challenges when harmonising and analysing data in the 
context of an IPD- MA of an emerging pathogen. The 
ZIKV- IPD Consortium recognised that existing methods 
for addressing the correlated sources of heterogeneity 
in the research response to ZIKV (e.g., dependency 
between timing of symptoms, test accuracy and differen-
tial ascertainment for both exposure and outcome, etc) 
are inadequate. In response to this gap, the Consortium 
launched a statistical WG to develop novel approaches 
to address heterogeneity and measurement error in the 

Figure 5 ZIKV ascertainment and type of laboratory testing and other criteria among participants of the ZIKV- IPD- MA 
metadata survey. CZS, congenital Zika syndrome; IPD- MA, Individual Participant Data-meta- analysis; ZIKV, Zika virus.
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context of IPD- MAs of emerging pathogens. The statis-
tical WG will use the findings from this metadata survey to 
guide the development of an analytic plan that accounts 
for the different sources of correlated measurement 
error. The statistical analysis plan will extend existing 
methods for measurement error and clinical risk predic-
tion to address the specific challenges of an IPD- MA of 
an emerging pathogen. Methodological approaches for 
accounting for correlated sources of measurement error 
and the high levels of heterogeneity in the research 
response to emerging pathogens will be context specific 
and pathogen specific. Although specific recommenda-
tions or solutions to account for the diverse sources of 
heterogeneity are desirable, an in- depth proposal for the 
methods to address these statistical challenges is outside 
of the scope of this descriptive analysis.

Limitations and strengths
The inclusion of ongoing studies presented important 
challenges in that key aspects of exposure and outcome 
ascertainment have continued to evolve as studies obtain 
additional funding to retest samples or to continue and 
expand follow- up.50 In some cases, studies changed 
exposure ascertainment procedures or laboratory QC 
procedures and were not able to record when changes 
were made or what had been changed, which represents 
missing or misclassified metadata, further complicating 
the assessment of the accuracy of exposure ascertain-
ment.2 9 17 Although we conducted regular follow- ups 
over a 9- month period to obtain the information, some 
researchers did not respond, reasonably because they were 
on the frontlines of the COVID- 19 pandemic response. 
This impacted the timelines for participant acquisition 
and metadata acquisition and review for most studies. 
Nonetheless, the multiple interactions required with the 
investigators enriched the analytical process, ensured the 
robustness and quality of the data and strengthened the 
cross- consortium communication.

The identification of the above- mentioned sources 
of heterogeneity constitutes the main strength of this 
study. This is the first study to assemble a comprehensive 
reporting of study- level heterogeneity of ZIKV- related 
cohorts of pregnant women and their infants and chil-
dren, which could only be gathered through investigators’ 
self- report. The final metadata and participant- level data 
sets will represent the largest resource of longitudinal, 
participant- level data on maternal- infant/child dyads for 
many of the countries where research teams have contrib-
uted data for the IPD- MA. Ensuring that participant- level 
data are accompanied by well- characterised metadata, 
coupled with engaging the teams that collected the data 
and external subject matter experts, will help the ZIKV 
IPD Consortium ensure the appropriate estimation of 
outcome and imputation models. This detailed study- level 
metadata will facilitate the way that IPD can be harmon-
ised and analysed, including the identification of study- 
related sources of heterogeneity and clinically related 
participant- level sources of heterogeneity.36 37 40 Given 

the limited understanding of the distribution of adverse 
fetal, infant and child outcomes related to congenital 
exposures, the meta- and participant- level data set will 
represent a tremendous cross- country and within- country 
resource for social, medical, infectious and other expo-
sures, that goes beyond ZIKV.

Conclusion
This analysis provides a comprehensive overview of study- 
level heterogeneity related to participant- level data avail-
able from ZIKV- related cohorts and surveillance systems 
of pregnant women and their infants and children. The 
challenges confronted and addressed here include: 
(1) the need to consult with researchers and local and 
international health authorities early in the outbreak to 
identify related studies; (2) the need to engage directly 
with investigators to understand and document hetero-
geneity in study design, definitions and implementation, 
which are inconsistently or incompletely reported in the 
published literature and include information according 
to the existing knowledge of the problem at that given 
time; and (3) the need to consistently and regularly adjust 
research targets and timelines to account for continuing 
changes to study protocols, teams, agendas and funding 
availability, ensuring the quality of the studies. Our study 
will serve to inform ongoing and future collaborations 
that prospectively or retrospectively harmonise IPD and 
to drive the development of novel statistical methods that 
can address correlated sources of measurement error in 
IPD- MA of emerging pathogens.
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