
ORIGINAL
ARTICLES
Etiology of Microcephaly and Central Nervous System Defects during the
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Objective To estimate the prevalence of microcephaly and central nervous system (CNS) defects during the Zika
virus (ZIKV) epidemic in Colombia and proportion attributable to congenital ZIKV infection.
Study design Clinical and laboratory data for cases ofmicrocephaly and/or CNS defects reported to national sur-
veillance between 2015 and 2017 were reviewed and classified by a panel of clinical subject matter experts.
Maternal and fetal/infant biologic specimens were tested for congenital infection and chromosomal abnormalities.
Infants/fetuses with microcephaly and/or CNS defects (cases) were classified into broad etiologic categories (tera-
togenic, genetic, multifactorial, and unknown). Cases classified as potentially attributable to congenital ZIKV infec-
tion were stratified by strength of evidence for ZIKV etiology (strong, moderate, or limited) using a novel strategy
considering birth defects unique or specific to ZIKV or other infections and laboratory evidence.
Results Among 858 reported cases with sufficient information supporting a diagnosis of microcephaly or CNS de-
fects, 503 were classified as potentially attributable to congenital ZIKV infection. Of these, the strength of evidence
was considered strong in 124 (24.7%) cases; moderate in 232 (46.1%) cases; and limited in 147 (29.2%). Of the
remaining, 355 (41.4%) were attributed to etiologies other than ZIKV infection (syphilis, toxoplasmosis, rubella,
cytomegalovirus, herpes 1 and herpes 2 viruses only, n = 32 [3.7%]; genetic, n = 16 [1.9%]; multifactorial, n = 42
[4.9%]; unknown, n = 265 [30.9%]).
Conclusions Fifty-eight percent of cases of microcephaly and/or CNS defects were potentially attributable to
congenital ZIKV infection; however, the strength of evidence varied considerably. This surveillance protocol might
serve as amodel approach for investigation and etiologic classification of complex congenital conditions. (J Pediatr
2020;222:112-9).
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n 2015, the Colombian National Institute of Health (INS) began Zika virus (ZIKV) surveillance, including protocols for
I testing and management of pregnant women and infants with suspected ZIKV infection.1,2 In 2016, the World Health
Organization declared a Public Health Emergency of International Concern prioritizing global efforts to prevent ZIKV
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data indicated a significant, almost 4-fold increase in re-
ported cases of microcephaly in Colombia in 2016, compared
with the previous year.8 However, the report did not span the
entire ZIKV epidemic, excluded other CNS defects, and did
not describe the etiologic classification of reported cases.

This report describes the epidemiology and etiologic clas-
sification of cases of microcephaly and CNS defects nation-
wide in Colombia among pregnancies completed between
September 1, 2015 and April 30, 2017. In addition, the pro-
portion of cases potentially attributable to congenital ZIKV
infection and the strength of the evidence linking cases to
ZIKV infection are described in this report.

Methods

INSmaintains national public health surveillance for notifiable
conditions, including birth defects such as microcephaly and
CNSdefects. Information that is collected byhealthcare centers
is compiled and transmitted to the national public health sur-
veillance system, which aggregates and publishes the results.
The typical reporting time by healthcare centers to preliminary
national reporting is approximately 1.5 weeks after detection.9

National public health surveillance was expanded in 2015 to
include monitoring for symptomatic ZIKV infection and
enhancement of existingmicrocephaly andCNS defect surveil-
lance.9-11 Findings of microcephaly and/or CNS defects in a
fetus, pregnancy loss, or infant up to 1 year of age (potential
cases) were reported voluntarily by health care centers to
INS. Clinical data (including maternal history of ZIKV symp-
toms, infant physical examination and birth measurements,
postnatal neuroimaging, ophthalmologic examination, hear-
ing evaluation, and other clinical care) were abstracted from
prenatal, delivery, birth hospitalization, and pediatric medical
records. Biologic specimens indicating maternal infection (ie,
maternal serum, amnioticfluid, placenta, umbilical cord tissue,
umbilical cord blood) and fetal/infant biologic specimens (ie,
infant serum, urine, cerebrospinal fluid [CSF], fetal/infant tis-
sue) were collected when possible per surveillance protocols
and sent to the INS laboratory in Bogot�a for testing.1,10 This ac-
tivity was deemed public health practice (nonresearch) by the
Centers for Disease Control and Prevention (CDC) and the
INS.

Laboratory Methods
Laboratory procedures for detecting possible ZIKV infection
evolved during the epidemic as assays became available. Molec-
ular detection of ZIKVRNAwas performed using the singleplex
or Trioplex real-time reverse transcription polymerase chain re-
action (PCR) assay.12,13 Serologic testing for ZIKV IgM anti-
bodies was performed on infant serum and CSF using ZIKV
Detect TM IgM 1.0 Capture enzyme-linked immunosorbent
assay kit (Inbios International, Seattle, Washington) and/or
ZIKV IgM antibody capture enzyme-linked immunosorbent
assay (CDC, Atlanta, Georgia). An immunohistochemical assay
for ZIKV was performed using a mouse polyclonal anti-ZIKV
antibody and a polymer-based indirect colorimetric immunoal-
kaline phosphatase detection system with fast red chromogen
(Thermo Fisher Scientific, Runcom, Cheshire, United
Kingdom). Chromosomal analysis for aneuploidy was per-
formed on amniotic fluid or infant blood specimens. Evalua-
tions for syphilis, toxoplasmosis, rubella, cytomegalovirus,
herpes 1 andherpes 2 viruses (STORCH) infections (treponemal
and nontreponemal testing for detection of syphilis; PCR for
detection of toxoplasmosis; IgM serology for detection of
rubella, cytomegalovirus [CMV], herpes simplex virus type 1,
and herpes simplex virus type 2) were performed on available
fetal/infant biologic specimens.

Case Review and Etiologic Classification
Clinical data and laboratory results for each case were re-
viewed by a panel of INS and CDC clinical subject matter ex-
perts to confirm findings and assign cases into likely etiologic
categories. The panel included reviewers with expertise in
clinical genetics, obstetrics and gynecology, pediatrics, and
epidemiology, in addition to experienced surveillance staff.
Discrepant review findings were discussed among clinical
subject matter experts to reach agreement. Based on pub-
lished reports and expert opinion, a schema was developed
to categorize confirmed birth defect findings into groups
based on the likelihood of the defect occurring in cases of
congenital ZIKV infection and/or STORCH infection. For
cases determined potentially attributable to congenital
ZIKV infection, a schema for the strength of evidence for
ZIKV etiology was developed based on expert opinion. These
classification schemas were developed for public health sur-
veillance and were not intended for clinical use or for circum-
stances outside the context of the ZIKV epidemic.
Microcephaly was defined as head circumference less

than the 3rd percentile for gestational age and sex by the In-
ternational Fetal and Newborn Growth Consortium for the
21st Century (INTERGROWTH21st) standards for measure-
ments collected £2 weeks after birth or by World Health Or-
ganization standards for measurements collected >2 weeks
after birth.14,15 Results from prenatal ultrasound, pathology
examination (in cases of pregnancy loss), and from postnatal
neuroimaging (in cases of live birth) were reviewed for the
presence of CNS defects. Results of ophthalmologic examina-
tion were reviewed for the presence of eye defects. Potential
cases without sufficient information (eg, missing for any:
head circumference measurement; gestational age at delivery;
infant sex; neuroimaging, pathology examination, and/or
ophthalmologic examination) to support a diagnosis of
microcephaly or CNS defects were excluded from etiologic
classification.
Cases with sufficient evidence ofmicrocephaly and/or CNS

defects were assigned to broad etiologic categories: terato-
genic (including congenital infection), genetic (chromosomal
or recognized genetic phenotype), multifactorial (including
neural tube defects), and unknown (including holoprosence-
phaly and cases of multiple congenital anomalies), all based
on clinical and laboratory findings (Figure 1; available at
www.jpeds.com). A similar schema has been used to classify
birth defects by etiology; however, no one classification
schema has been universally accepted.16,17 Cases with
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laboratory findings of a STORCH infection but clinical
findings more consistent with congenital ZIKV infection
were classified as potentially attributable to ZIKV infection.

ZIKV infection during pregnancy can cause microcephaly
and CNS defects of the brain and eye.18 Congenital Zika syn-
drome is a recognizable pattern of structural anomalies and
functional disabilities secondary to CNS injury.19 Findings
unique to congenital ZIKV infection or rarely seen with other
congenital infections include severe microcephaly with
partially collapsed skull, thin cerebral cortices with subcor-
tical calcifications, macular scarring and focal pigmentary
retinal mottling, arthrogryposis, and marked early hyperto-
nia with symptoms of extrapyramidal involvement.

Additional brain abnormalities among infants affected by
ZIKV infection in pregnancy include periventricular, thalamic
andbasal ganglia calcifications; absent or hypoplastic corpus cal-
losum; neuronal migration abnormalities such as polymicrogy-
ria, schizencephaly, and gray-white matter heterotopia; and
cerebellar hypoplasia and absent or hypoplastic cerebellar ver-
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Figure 2. Birth defects grouped by specificity for congenital ZIKV
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mis.18-22 Eye abnormalities among affected infants also include
microphthalmia, anophthalmia, congenital cataracts, glaucoma,
and hypoplasia of the optic nerve. The spectrum of structural
findings among infants with congenital ZIKV infection also in-
cludes those described among infants with other congenital
STORCH infections and with rare single gene genetic disor-
ders.19

Birth defect characteristics and laboratory results were
used to distinguish birth defects likely due to ZIKV infection
from those that might have been caused by STORCH infec-
tions. Birth defects were assigned to 1 of 3 groups based on
the likelihood of the defect occurring in various congenital
infection scenarios (Figure 2). Group A includes birth
defects reported with congenital ZIKV infection but rarely
reported in STORCH infections. Birth defects such as
cortical/subcortical calcifications and arthrogryposis are
highly characteristic of ZIKV infection. Group B includes
birth defects commonly seen in, but are less specific to,
congenital ZIKV infection and can occur in STORCH
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infections. Defects such as cortical atrophy and corpus
callosum anomalies fall into this group. Group C includes
birth defects such as microcephaly and hydrocephaly,
which are nonspecific to and equally frequent in congenital
ZIKV infection and STORCH infections and cannot be
used to differentiate among infections.

Laboratory findings of possible maternal ZIKV infection
includeZIKVRNAdetected by PCR fromanymaternal serum,
maternal urine, placenta, umbilical cord, and umbilical cord
blood specimen, ZIKV IgM detected by serological testing of
maternal serum, and ZIKV antigen detected by immunohisto-
chemistry (IHC) of placenta. Laboratory findings of possible
ZIKV infection in a fetus/infant include ZIKV RNA detected
by PCR from any fetal/infant specimen including serum, urine,
CSF, and fetal/infant tissues. ZIKV IgM detected by serological
testing of infant serum or CSF, and ZIKV antigen detected by
IHC testing of fetal/infant tissue.

Cases attributed to congenital ZIKV infection were sub-
classified by strength of supporting evidence for ZIKV etiol-
ogy (strong, moderate, or limited) determined by the birth
defect group (group A, B, or C) and number of birth defects
within each group, and laboratory findings of possible ZIKV
infection in the fetus/infant or mother (Figure 2). Strong
evidence of congenital ZIKV etiology was characterized by
1 or more group A birth defects or 2 or more group B
birth defects with laboratory findings in the mother or
fetus/infant of possible ZIKV infection. The same
combination of group A and B birth defects with
indeterminate or negative laboratory findings for ZIKV was
considered moderate evidence of congenital ZIKV etiology,
as were combinations of group B and C birth defects with
laboratory findings of possible ZIKV infection. Other
combinations of group B and C birth defects with and
without laboratory findings of possible ZIKV infection
were considered limited evidence for ZIKV etiology. Cases
with laboratory findings of both congenital ZIKV infection
and STORCH infection and accompanied by birth defects
consistent with these infections were classified as
potentially attributable to ZIKV-STORCH coinfection.
Analytic Methods
The cumulative incidence of cases of microcephaly and/or
CNS defects was calculated per 1000 live births from
September 1, 2015 to April 30, 2017, overall and by territorial
department of residence (area of residence analogous to a US
state). The proportion of cases of microcephaly and/or CNS
defects potentially attributable to each etiologic category was
calculated. Analyses were conducted using SAS v 9.4. (SAS
Institute, Cary, North Carolina).
Results

A total of 1239 potential cases of microcephaly and/or CNS
defects were reported to national surveillance. The remainder
of these results describe findings among 858 cases with suffi-
cient information to support a diagnosis of microcephaly
Etiology of Microcephaly and Central Nervous System Defects d
and/or CNS defects (Figure 3; available at www.jpeds.com).
The cumulative incidence of microcephaly and/or CNS
defects from September 1, 2015 to April 30, 2017 for all
of Colombia was 0.80 cases per 1000 live births (range:
0.28-7.86). Among 653 cases reported as alive at the time of
data collection and with nonmissing data, 318 of 651
(48.8%) were female, 141 of 646 (21.8%) were born earlier
than 37 weeks of gestation, and 135 of 437 (30.9%) weighed
<10th percentile for age and sex by INTERGROWTH21st

standards. Among 205 cases reported as deceased at the
time of data collection (including pregnancy losses and
death after birth) and with nonmissing data, 107 of 204
(53.2%) were female, 147 of 201 (73.1%) were born earlier
than 37 weeks of gestation, and 26 of 94 (27.7%) weighed
<10th percentile for age and sex by INTERGROWTH21st

standards. By territorial department of residence (not
necessarily place of infection), cases of microcephaly and
CNS defects were reported nationwide, including areas at
an elevation above 2200 meters where local ZIKV
transmission because of mosquitos is not likely (Figure 4;
available at www.jpeds.com).
Among 858 cases, 492 received ZIKV testing (maternal spec-

imen only [n = 134]; fetal/infant specimen only [n = 228]; both
maternal and fetal/infant specimens [n = 130]) (Table I;
available at www.jpeds.com). A total of 366 cases of
microcephaly and/or CNS defects had no maternal or fetal/
infant specimen tested for ZIKV infection. Laboratory findings
of possible ZIKV infection were found in 278 (56.5%) cases
(103 with only maternal testing performed; 87 with only fetal/
infant testing performed; and 88 cases with both maternal and
fetal/infant testing performed). ZIKV IgM antibodies were not
detected consistently among cases assigned to ZIKV etiology
(Table II; available at www.jpeds.com).
Among cases classified as potentially attributable to congen-

ital ZIKV infection, strength of evidence was considered strong
in 124 (24.7%), moderate in 232 (46.1%), and limited in 147
(29.2%) cases (Table III), including 142 with moderate
evidence of congenital ZIKV infection and 117 with limited
evidence based on clinical findings alone (Table IV). Among
cases classified as potentially attributable to ZIKV-STORCH
coinfection, CMV (n = 8) and toxoplasmosis (n = 11) were
the most frequently detected STORCH coinfections, followed
by syphilis (n = 1) and 1 case of coinfection with ZIKV and
multiple STORCH infections (n = 1). Among 858 cases,
355 (41.4%) were classified as potentially attributable to
etiologies other than ZIKV infection (STORCH only, n = 32
[3.7%]; genetic, n = 16 [1.9%]; multifactorial, n = 42 [4.9%];
unknown etiology, n = 265 [30.9%]) (Table III).
The number of cases classified as potentially attributable to

congenital ZIKV increased beginning in December 2015,
peaked in July 2016, and decreased through the end of April
of 2017 (Figure 5). When stratified by strength of evidence
for congenital ZIKV etiology, incidence curves for cases
with strong, moderate, or limited evidence had similar
shape. By comparison, incidence curves for other known
etiologies were generally flat over the same period,
although the incidence curve for cases of unknown etiology
uring the Zika Epidemic in Colombia 115
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Table III. Likely etiology among cases of microcephaly
and/or CNS defects, Colombia, September 2015-April
2017 (n = 858)

Etiologic classifications N (%)

Teratogenic—infectious 535 (62.4)
ZIKV (n = 503)

Strong evidence of congenital ZIKV (n = 124)
ZIKV only (n = 117)
ZIKV-STORCH coinfection (n = 7)
Cytomegalovirus (n = 2)
Toxoplasmosis (n = 5)

Moderate evidence of congenital ZIKV (n = 232)
ZIKV only (n = 224)
ZIKV-STORCH coinfection (n = 8)
Cytomegalovirus (n = 3)
Toxoplasmosis (n = 4)
Syphilis (n = 1)

Limited evidence of congenital ZIKV (n = 147)
ZIKV only (n = 141)
ZIKV-STORCH coinfection (n = 6)
Cytomegalovirus (n = 3)
Toxoplasmosis (n = 2)
Multiple STORCH (n = 1)

STORCH (n = 32)
Cytomegalovirus (n = 17)
Toxoplasmosis (n = 10)
Herpes simplex virus 1 or 2 (n = 2)
STORCH-STORCH coinfection (n = 3)

Genetic 16 (1.9)
Multifactorial—neural tube defects 42 (4.9)
Unknown etiology 265 (30.9)
Holoprosencephaly (n = 10)
Multiple congenital anomalies (n = 38)
Other unknown etiology (n = 217)
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was more consistent with the curve for congenital ZIKV
etiology.

Discussion

We found that 58% of cases of microcephaly and/or CNS
defects were potentially attributable to congenital ZIKV
infection. However, strength of the evidence varied, and
one-third had limited evidence. Considering only cases
with strong or moderate evidence, 41.5% (n = 356) were clas-
sified as potentially attributable to congenital ZIKV infection.
Because of the enhanced surveillance protocol and detailed
Table IV. Strength of evidence for ZIKV etiology among ca
attributable to congenital ZIKV infection

Laboratory findings of
possible ZIKV infection

Strength of evidence
for ZIKV etiology

Birt
(nu
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Group B (2 or m
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Group C (2 or m
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review processes implemented as part of the ZIKV response
in Colombia, these findings cannot be easily compared
with estimates from surveillance in these regions conducted
outside the context of this ZIKV epidemic. These findings
differ from previous estimates due to differences in study
timeframe, additional data collection that allowed careful
classification beyond initial reports, and case classification
methods developed for this specific analysis.23

Many cases with clinical findings highly characteristic of
ZIKV infection did not have laboratory findings of possible
ZIKV infection, because samples were either not tested or
tested negative for ZIKV. Although absent testing might be
due to evolving ZIKV testing recommendations, there are
limitations even when ZIKV testing is performed.24 ZIKV
RNA is present transiently in body fluids, and negative
PCR results do not rule out infection, particularly given the
narrow window to detect the virus.25 In addition, the sensi-
tivity of infant testing for ZIKV is unknown. Birth defects
from each of the 3 groups (A, B, and C) were observed among
cases with and without supporting laboratory evidence.
These findings are consistent with reports of infants with
clinical findings suggestive of possible congenital Zika syn-
drome but with negative laboratory results.3,24-27 In 7 cases,
birth defect findings were inconsistent with laboratory find-
ings that suggested STORCH infection; however, the birth
defects met criteria for strong or moderate evidence of
congenital ZIKV infection, and they were classified as poten-
tially attributable to ZIKV infection.
The full spectrum of birth defects caused by congenital

ZIKV infection continues to expand. The existing case defini-
tions for congenital Zika syndrome developed by the
Pan American Health Organization (PAHO) (https://www.
paho.org/hq/index.php?option=com_content&view=article
&id=11117:zika-resources-case-definitions&Itemid=41532&
lang=en) and the Council of State and Territorial Epidemiol-
ogists (CSTE) (https://wwwn.cdc.gov/nndss/conditions/zi
ka/case-definition/2016/06/) use nonspecific terms, such as
congenital malformation of the CNS or structural brain or
eye abnormalities, to describe birth defects. These definitions
were developed early in the epidemic before studies were able
to more fully describe the congenital ZIKV phenotype.28
ses of microcephaly and/or CNS defects potentially

h defect group*
mber required) ZIKV only (n)

ZIKV-STORCH
coinfection (n)

ore) 78 6
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Few studies have attempted to describe the range of struc-
tural and developmental findings in congenital ZIKV pheno-
type.29 One review focused on identifying birth defects that
are unique to congenital Zika syndrome or rarely seen in
Etiology of Microcephaly and Central Nervous System Defects d
other congenital infections.19 A prospective cohort study
developed major and minor criteria to define signs and
symptoms of congenital ZIKV infection at birth; however,
this classification schema did not provide sufficient detail
uring the Zika Epidemic in Colombia 117
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to distinguish ZIKV-affected infants from those with other
congenital infections such as CMV.30 The classification
schema in this investigation considers the totality of findings
for each case to differentiate those attributable to ZIKV from
those more likely attributable to other etiologies based on ex-
isting birth defects literature. Of note, the incidence curve for
cases potentially attributable to congenital ZIKV mirrored
that for national ZIKV incidence whereas curves for other
known etiologies remained flat by comparison, providing
additional support to this classification schema.23 Given the
large epidemic in Colombia and the possibility of case
misclassification, it is not surprising that the incidence curve
for cases of unknown etiology closely resembled that of
congenital ZIKV.

The study is subject to limitations. First, laboratory testing
was conducted on the presence of symptoms consistent with
ZIKV disease in the pregnant woman or findings of birth de-
fects in the fetus or infant, and in 42.7% of reviewed cases,
neither maternal nor fetal/infant test results were available.
In addition, results of ZIKV testing depend on timing of
infection relative to specimen collection. Data were not
collected to assess laboratory findings relative to timing
from symptom onset to specimen collection; test results
from specimens collected outside of the window of detection
might not have been informative. Second, birth defect de-
scriptions varied in quality and completeness between med-
ical records. Third, results of postnatal neuroimaging,
ophthalmologic examination, and hearing evaluation were
not available for all infants. CNS defects might have gone un-
detected without neuroimaging or ophthalmologic evalua-
tion, especially among infants without microcephaly or
other abnormalities at the time of birth; therefore, voluntary
reporting might be biased toward cases with more severe
findings, resulting in an underestimate of total number of re-
ported cases. For pregnancy losses, prenatal diagnoses of
microcephaly could not be confirmed postnatally and were
not included among birth defects for classification. Limited
data suggest that when present, abnormal findings detected
on prenatal ultrasound are associated with abnormal findings
on physical examination and in postnatal neuroimaging;
however, the absence of abnormal prenatal findings is not a
predictor of a normal neonatal outcome.31 True cases of
microcephaly and/or CNS defects detected prenatally alone
might not have been ascertained. Finally, differentiating birth
defects associated with ZIKV infection from those associated
with other congenital infections is complicated due to
continued evolving data on the congenital ZIKV phenotype,
resulting in classification bias.

This enhanced surveillance activity and classification
schema demonstrate a comprehensive approach to investi-
gating complex congenital conditions of unclear etiology.
Surveillance methods might be improved by efforts to detect
asymptomatic ZIKV infection (such as ZIKV testing in each
trimester of pregnancy during an epidemic), to emphasize
immediate ZIKV testing and standard infant evaluations
soon after birth for infants with risk of congenital exposure
and for infants with abnormal findings, and to improve time-
118
liness of data collection and reporting (such as rapid data
collection focused on a limited number of birth defects re-
ported within the first month of life). This study provides a
large population-based sample assessing the etiology of cases
of microcephaly and/or CNS defects during the Colombian
ZIKV epidemic. Etiological classification took into account
situations of limited clinical and laboratory information.
Identification, classification, and follow-up care of reported
cases are essential to fully characterize the impact of congen-
ital ZIKV infection and to quantify the number of ZIKV-
associated birth defects. These methods might be useful for
mitigating the impact of ZIKV by aligning correct case iden-
tification with public health prevention efforts. n
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Teratogenic - Conditions caused by known 
teratogens including infectious diseases. 

Genetic - Conditions caused by mutations of a single 
gene, chromosomal alterations, or mitochondrial 
mutations. May also include conditions considered to 
be primarily genetic in etiology for which the genetic 
basis has not been determined but is highly suspect. 

Multifactorial - Conditions caused by the effects of 
multiple genes in combination with lifestyle and 
environmental factors. In general, individual factors 
cannot be completely separated. 

Unknown etiology - Conditions without recognizable 
causes. Children with multiple congenital anomalies 
are included. 

Figure 1. Etiologic categories for classification of cases of
microcephaly and/or CNS defects.

Figure 3. Potential cases of microcephaly and/or CNS de-
fects, Colombia, September 2015-April 2017; *Among 44
potential cases, the following types of missing data precluded
review for microcephaly and/or CNS defects: missing head
circumference (n = 42); missing gestational age at delivery
(n = 1); indeterminate or missing fetal/infant sex (n = 3);
missing results of neuroimaging, pathology examination, and/
or ophthalmologic evaluation (n = 14).
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Figure 4. Cumulative prevalence of cases of microcephaly and/or CNS defects per 1000 live births by Colombian territorial
department of residence, Colombia, September 2015-April 2017 (n = 858).
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Table I. Maternal and fetal/infant ZIKV testing results
among cases of microcephaly and/or CNS defects,
Colombia, September 2015-April 2017 (n = 858)

Laboratory findings
consistent with
possible ZIKV infection
in a maternal specimen*

Laboratory findings
consistent with possible
ZIKV infection in a fetal/

infant specimen†
Reported cases,

n (%)

Yes Yes 52 (6.1)
Yes No 17 (2.0)
Yes Not tested 103 (12.0)
No Yes 19 (2.2)
No No 42 (4.9)
No Not tested 31 (3.6)
Not tested Yes 87 (10.1)
Not tested No 141 (16.4)
Not tested Not tested 366 (42.7)

*Laboratory findings consistent with possible ZIKV infection in a maternal specimen include (1)
ZIKV RNA detected by PCR from any maternal serum, maternal urine, placenta, umbilical cord,
or umbilical cord blood; (2) ZIKV IgM detected by serologic testing of maternal serum; and (3)
ZIKV antigen detected by immunohistochemistry of placenta.
†Laboratory findings consistent with possible ZIKV infection in a fetal/infant specimen include
(1) ZIKV RNA detected by PCR from any fetal/infant specimen including serum, urine, CSF, and
fetal/infant tissues; (2) ZIKV IgM detected by serologic testing of infant serum or CSF, and (3)
ZIKV antigen detected by immunohistochemistry testing of fetal/infant tissue; confirmatory pla-
que reduction neutralization testing was not conducted.

Table II. Fetal/infant ZIKV serology results among
cases assigned to ZIKV etiology, by strength of
evidence, Colombia, September 2015-April 2017
(n = 503)

Strength of evidence*
Serology

positive† n (%)
Serology

negative n (%)

Serology not
tested
n (%)

Strong evidence of
congenital ZIKV (n = 124)

16 (12.9) 15 (12.1) 93 (75.0)

Moderate evidence of
congenital ZIKV (n = 232)

8 (3.4) 25 (10.8) 199 (85.8)

Limited evidence of
congenital ZIKV (n = 147)

6 (4.1) 14 (9.5) 127 (86.4)

*Figure 2 provides more information. Strength of evidence for ZIKV etiology among cases of
microcephaly and/or CNS defects potentially attributed to congenital ZIKV infection.
†ZIKV IgM detected by serologic testing of fetal/infant serum or CSF; confirmatory plaque
reduction neutralization testing was not conducted. Data were not collected in a manner
that permits interpretation of negative ZIKV serology results relative to timing of testing. Test
results from specimens collected outside of the window of detection might not be informative,
and results among cases that did not receive testing cannot be inferred. For this analysis, ab-
sent or unknown laboratory findings of possible ZIKV infection do not rule out possible congen-
ital ZIKV etiology.
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