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Abstract

BACKGROUND—In 2015 and 2016, Colombia had a widespread outbreak of Zika virus. Data
from two national population-based surveillance systems for symptomatic Zika virus disease
(ZVvD) and birth defects provided complementary information on the effect of the Zika virus
outbreak on pregnancies and infant outcomes.

METHODS—We collected national surveillance data regarding cases of pregnant women with
ZVD that were reported during the period from June 2015 through July 2016. The presence of
Zika virus RNA was identified in a subgroup of these women on real-time reverse-transcriptase—
polymerase-chain-reaction (rRT-PCR) assay. Brain or eye defects in infants and fetuses and other
adverse pregnancy outcomes were identified among the women who had laboratory-confirmed
ZVD and for whom data were available regarding pregnancy outcomes. We compared the
nationwide prevalence of brain and eye defects during the outbreak with the prevalence both
before and after the outbreak period.

RESULTS—Of 18,117 pregnant women with ZVD, the presence of Zika virus was confirmed in
5926 (33%) on rRT-PCR. Of the 5673 pregnancies with laboratory-confirmed ZVD for which
outcomes had been reported, 93 infants or fetuses (2%) had brain or eye defects. The incidence of
brain or eye defects was higher among pregnancies in which the mother had an onset of ZVD
symptoms in the first trimester than in those with an onset during the second or third trimester (3%
vs. 1%). A total of 172 of 5673 pregnancies (3%) resulted in pregnancy loss; after the exclusion of
pregnancies affected by birth defects, 409 of 5426 (8%) resulted in preterm birth and 333 of 5426
(6%) in low birth weight. The prevalence of brain or eye defects during the outbreak was 13 per
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10,000 live births, as compared with a prevalence of 8 per 10,000 live births before the outbreak
and 11 per 10,000 live births after the outbreak.

CONCLUSIONS—In pregnant women with laboratory-confirmed ZVD, brain or eye defects in
infants or fetuses were more common during the Zika virus outbreak than during the periods
immediately before and after the outbreak. The frequency of such defects was increased among
women with a symptom onset early in pregnancy. (Funded by the Colombian Instituto Nacional de
Salud and the Centers for Disease Control and Prevention.)

Zika virus is a flavivirus that is transmitted to humans primarily by the bite of an infected
mosquito of the aedes genus.! Sexual transmission and transmission of Zika virus from
mother to fetus have also been reported.2-* Congenital Zika virus infection can cause serious
defects of the brain and eye® and has been associated with neurodevelopmental
abnormalities, such as seizures, joint contractures, swallowing difficulties, vision
impairments, and hearing loss in infants.6-11

Preliminary monitoring of Zika virus disease (ZVD) began in Colombia after the recognition
of the Zika outbreak in Brazil in May 2015. In August 2015, the Colombian Instituto
Nacional de Salud (INS) began national surveillance of ZVD.12 In early October 2015, the
first cluster of laboratory-confirmed cases (9 patients from northern Colombia) was
identified, and an outbreak of ZVVD was declared in the country. On July 25, 2016, Colombia
declared an end to the Zika epidemic, with reports of clinical ZVD symptoms in more than
100,000 persons nationwide.13 Colombia had the second highest number of reported cases
among the 50 countries with autochthonous transmission during the outbreak in the
Americas. 14

In 2016, we described a cohort of pregnant women with symptomatic ZVD for whom data
had been reported to the Colombian national surveillance system, but the majority of women
who had been infected during the first or second trimester were still pregnant.1> Using
national passive surveillance data regarding birth defects, we identified an increase by a
factor of four in the number of microcephaly cases from the previous year, although we did
not have data regarding Zika testing in these cases.16 The data showed a peak number of
microcephaly cases approximately 24 weeks after the peak of the outbreak, which suggested
that the greatest risk for adverse outcomes was likely among women who were infected in
early pregnancy. Colombia had two national surveillance systems in place before the
epidemic — one to capture symptomatic ZVD and the other to capture birth defects —
which allowed for the monitoring of the effect of the Zika virus outbreak at the population
level.

To document the extent of the 2015-2016 Zika virus outbreak in Colombia, we evaluated the
incidence and geographic distribution of symptomatic ZVD among all pregnant women who
were reported to the national surveillance system. Here, we report the number of brain or
eye defects that could have been caused by Zika virus infection and other adverse pregnancy
outcomes according to the trimester of symptom onset among pregnant women with
laboratory-confirmed ZVD. Since the majority of Zika virus infections are mild or have no
symptoms, we describe the prevalence of brain and eye defects reported nationally,
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regardless of known Zika virus infection during pregnancy, along with assessing the
geographic distribution and comparing the prevalence before and after the outbreak.

Methods

Public Health Surveillance System

The Colombian national public health surveillance system for notifiable conditions monitors
dengue, chikungunya, and Zika virus, along with maternal morbidity, acute flaccid paralysis
(in children <15 years of age), and birth defects, including disorders of the central nervous
system. Information that is collected by health care centers is compiled and transmitted
weekly to the national surveillance system.

We report on data from 18,117 pregnant women with clinical symptoms of ZVD that were
recorded by the national surveillance system from June 15, 2015, to July 31, 2016.13 ZvD
cases included those reported to the INS, regardless of laboratory confirmation. Laboratory-
confirmed ZVD was defined as the presence of clinical symptoms of ZVD and a serum
sample positive for Zika virus RNA on real-time reverse-transcriptase—polymerase-chain-
reaction (rRT-PCR) assay. In October 2015, the INS mandated immediate reporting of all
ZVD cases and implemented enhanced surveillance of microcephaly and other defects of the
central nervous system.12 The initial case definition for ZVD included fever and at least one
of the following symptoms: nonpurulent conjunctivitis, headache, rash, pruritus, or
arthralgia, with no known alternative cause. On December 24, 2015, the symptom criteria
were revised to include fever and rash and at least one of the following symptoms:
nonpurulent conjunctivitis, headache, pruritus, arthralgia, myalgia, or malaise. Health care
providers documented whether patients met the symptom criteria, but specific symptoms
were not captured.

Laboratory Testing for Zika Virus

The INS arboviral reference laboratory prioritized rRT-PCR testing for Zika virus RNA in a
subgroup of ZVD cases from four populations: infants, pregnant women, adults 65 years of
age or older, and persons with coexisting illnesses.12 Molecular testing was performed with
the use of two methods: a single-target rRT-PCR assay, which uses a published method with
reflex testing for dengue and chikungunya for those with negative results for Zika virus,’
and the Trioplex rRT-PCR assay, which detects RNA from all three viruses simultaneously.
18,19 Since both of these tests are most sensitive within 7 days after symptom onset, we
analyzed rRT-PCR results in pregnant women that were stratified according to the number of
days from symptom onset to sample collection.

Brain or Eye Defects and Other Adverse Pregnancy Outcomes

We collected data regarding brain and eye defects and other adverse pregnancy outcomes for
pregnant women with ZVD for whom data regarding the pregnancy outcome and the
gestational age at the time of symptom onset were available. Data from ZVD surveillance
were linked to data from surveillance of birth defects and vital statistics, which included
information on live births and fetal, neonatal, and infant deaths. Zika virus—associated birth
defects were defined as brain or eye defects that were identified on the basis of a standard
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case definition informed by published studies and clinical and epidemiologic subject-matter
experts.20 We used clinical terms from the /nternational Classification of Diseases, 10th
Revision, Clinical Modification for the selected defects. (Data regarding the clinical terms
are provided in note F1 in the Supplementary Appendix, available with the full text of this
article at NEJM.org.)

We calculated the occurrence of these defects among live births and counted pregnancy
losses at any gestational age. Among live births excluding multiple births, we collected data
regarding the status of infants as preterm (<37 weeks) and low birth weight (<2500 g); we
report incidence of infant death before the age of 1 year. Outcomes are reported overall and
according to the trimester of symptom onset, which was calculated on the basis of the date
of the woman’s last menstrual period and symptom onset (first trimester, 0 to 90 days of
gestation; second and third trimester, >90 days of gestation). Our primary analysis focused
on adverse pregnancy and infant outcomes among women with laboratory-confirmed ZVD,
since a clinical diagnosis on the basis of symptoms may be difficult in regions in which
dengue and other infections are endemic.

In addition, we collected data regarding the nationwide prevalence of brain or eye defects,
regardless of ZVD status, from September 2015 through April 2017, a time period that
accounts for all pregnancies throughout the epidemic period. We calculated the prevalence
of brain or eye defects as the number of infants or fetuses reported with these defects per
10,000 live births, and we compared the prevalence for the same defects before the outbreak
in 2014 and after the outbreak in 2018. Confidence intervals were calculated with the use of
exact Poisson regression.2!

Geographic Distribution of ZVD and Brain or Eye Defects

Results

We assessed the geographic distribution of laboratory-confirmed ZVD among pregnant
women and cases of brain or eye defects in infants or fetuses by mapping these data
according to reporting area (32 departments and 4 districts). (Data regarding the reporting
areas are provided in note F2 in the Supplementary Appendix.) The cumulative incidence of
laboratory-confirmed ZVD among pregnant women was calculated as the number of cases
per 100,000 women of childbearing age on the basis of census data.?2

From June 15, 2015, to July 31, 2016, a total of 18,117 pregnant women with clinical
symptoms of ZVD were reported. The number of ZVD cases steadily increased from
September 2015 through January 2016, with the largest number of cases reported during the
week of January 24, 2016 (epidemiologic week 3) (Fig. 1). During the period from January
31 through March 27, 2016 (epidemiologic weeks 4 to 12), the number of reported cases
decreased sharply; a gradual but consistent decline in cases occurred through August 7, 2016
(epidemiologic week 31). A similar pattern according to epidemiologic week was seen for
laboratory-confirmed cases. Of the 18,117 pregnant women with ZVD, 8215 (45%)
underwent serum testing for Zika virus on rRTPCR; 5926 (33%) of the women who were
tested had positive results (Fig. S1 in the Supplementary Appendix).
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The gestational age at the time of symptom onset and pregnancy outcome were reported for
5673 of 5926 infants or fetuses (96%) carried by women with laboratory-confirmed Zika
virus infection (including one set of twins) (Fig. 2). Of the 5673 pregnancies, 790 (14%) had
at least one adverse outcome (Table 1). Brain or eye defects were reported in 93 infants or
fetuses (2%), with 75 (81%) among live births and 18 (19%) among pregnancy losses. The
percentage of brain and eye defects was higher among the women with symptom onset
during the first trimester than among those with onset during the second or third trimester
(3% [40 of 1192] vs. 1% [53 of 4481]). Among pregnancy losses, a lower percentage of
birth defects was seen among the women with symptom onset during the first trimester than
among those with onset during the second or third trimester; however, the mean gestational
week at the time of pregnancy loss was 14 weeks and 27 weeks in the two subgroups,
respectively, which may account for some of the difference in the frequency of known
defects.

Among the 5426 live births without a report of birth defects, 8% of the infants were born
preterm, and 6% had a low birth weight. Women with an onset of ZVD symptoms during the
first trimester were more likely to have pregnancy loss or a preterm birth than those with an
onset of symptoms later in pregnancy (8% vs. 2% for pregnancy loss and 10% vs. 7% for
preterm birth). The deaths of 48 infants (1%) were reported, with no difference in incidence
according to the trimester of symptom onset. Findings regarding adverse pregnancy and
infant outcomes in the total cohort of pregnant women with ZVVD were consistent with the
results among women with laboratory-confirmed ZVD (Table S1).

Laboratory confirmation of ZVD in pregnant women was widely distributed across
Colombia (Fig. 3A), with 33 of 36 reporting areas identifying at least 1 laboratory-
confirmed case. Fifteen reporting areas reported an aggregate of 5290 cases of laboratory-
confirmed ZVD (89% of the total cases). From September 2015 through April 2017, a total
of 1451 infants or fetuses with a brain or eye defect were reported to the national
surveillance system regardless of the mother’s ZVD status during pregnancy, for a
prevalence of 13 cases (95% confidence interval [C1], 13 to 14) per 10,000 live births. All
reporting areas had cases of brain and eye defects (Fig. 3B), with a prevalence that ranged
from 5 to 81 per 10,000 live births in each reporting area. The prevalence of brain and eye
defects combined was 8 (95% ClI, 7 to 9) per 10,000 live births in 2014 and 11 (95% ClI, 10
to 12) per 10,000 live births in 2018.

Discussion

During the Zika virus outbreak in Colombia from June 2015 through July 2016, the presence
of ZVD in more than 18,000 pregnant women was reported to the national surveillance
system. Among the women in this group who had laboratory-confirmed ZVD, 2% of their
infants or fetuses had a brain or eye defect. Such defects were more common among infants
carried by women who had an onset of ZVVD symptoms during the first trimester of
pregnhancy than among those with a later symptom onset (3% vs. 1%). After the exclusion of
infants or fetuses with brain or eye defects, 8% were born preterm and 6% had a low birth
weight. However, these frequencies of preterm delivery and low birth weight were lower
than population estimates in Colombia during 2014 (19% and 9%, respectively).23
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Pregnant women were prioritized for Zika virus testing during the epidemic because of the
risk of serious fetal harm; approximately one third of these women had positive test results.
A major barrier to testing was the short window for sample collection. Although prolonged
viremia has been observed among women with Zika virus infection in pregnancy,24-28 acute
infection is most likely to be detectable in samples obtained within 1 week after symptom
onset.2” Samples may not have been obtained from women who were reported to the
national surveillance program more than 1 week after the onset of ZVD symptoms, and the
range of intervals from symptom onset to sample collection was wide for the entire cohort.
The manifestation of ZVD is often mild, which may limit the ability to pinpoint the date of
symptom onset. Thus, inaccurate estimates of the time from symptom onset to sample
collection may have occurred, a factor that complicates the interpretation of laboratory
results.

Our results show that laboratory-confirmed ZVD cases among pregnant women and,
subsequently, brain or eye defects in their infants or fetuses were geographically widespread
in Colombia during the outbreak period. The 93 cases of brain or eye defects that were
reported in women with laboratory-confirmed ZVD represents only 6% of the overall 1451
infants or fetuses with brain or eye defects that were reported nationally (prevalence, 13 per
10,000 live births). These nationwide numbers are consistent with a high percentage of
undetected and asymptomatic Zika virus infections occurring during pregnancy.
Alternatively, the remaining 1358 infants or fetuses with brain or eye defects that were not
directly linked to maternal ZVD may be the result of other causes. However, the nationwide
prevalence of brain or eye defects during the outbreak was significantly higher than that in
the years either before or after the outbreak. Since the risk of such birth defects is similar
regardless of whether a woman has known ZVD symptoms, surveillance that is limited to
women with clinical symptoms of ZVD will not identify all brain or eye defects that are
related to Zika virus infection.28-30 These findings highlight the importance of surveillance
for birth defects, which can complement the surveillance of ZVD in order to characterize the
full effect of a Zika virus outbreak.

The incidence of brain or eye defects among the infants or fetuses of women with
laboratory-confirmed ZVD (2%) was lower than that reported in other countries on the basis
of a similar definition for the defects. In territories of the United States (including American
Samoa, Federated States of Micronesia, Marshall Islands, Puerto Rico, and the U.S. Virgin
Islands), 5% of pregnancies in which the mother had laboratory-confirmed or possible Zika
virus infection resulted in a ZVD-associated birth defect; among the women who had
confirmed infection during the first trimester, ZVVD-associated birth defects occurred in 8%.
30 Underreporting of brain or eye defects among pregnancy losses and live births is likely in
Colombia because surveillance for birth defects relies on passive reporting from providers.
Furthermore, many brain defects, such as intracranial calcifications, can be diagnosed only
with neuroimaging. Although national guidelines recommend neuroimaging, a
comprehensive eye examination, and standard evaluation for infants born to women with
Zika virus exposure,12 it is unclear how commonly such evaluations were performed during
the outbreak period, even among infants with known congenital exposure. On the basis of
active surveillance data in the U.S. territories, it is possible that as many as 40% of infants
born to women with laboratory evidence of possible Zika virus infection do not undergo
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postnatal neuroimaging.1! In our study, the highest risk of brain or eye defects occurred
when ZVD symptoms were reported during the first trimester of pregnancy, a finding that is
consistent with reports of outcomes in other populations.11:28:31 However, 80% of our cohort
reported symptom onset in the second or third trimester, which could be one reason for the
relatively low percentage of defects reported in the overall cohort.

Much attention has been given to the disparity in the number of confirmed cases of
congenital syndrome associated with Zika virus infection reported to the Pan American
Health Organization (PAHO) in Brazil (2952 cases) as compared with the cases in Colombia
(248) as of January 2018.14 Reasons for the differences may include population size and the
percentage of the population in Colombia residing above 2200 m, an altitude at which aedes
mosquitoes do not circulate. But the main factor may be the difference in case definitions.
Brazil reported all cases meeting either the confirmed or probable PAHO case definition; the
probable case definition did not require laboratory confirmation. In contrast, Colombia
reported only cases consistent with the PAHO case definition for a confirmed case, including
requiring the detection of Zika virus in a specimen obtained from the infant. However, we
found the expected increase in the incidence of brain or eye defects that were potentially
associated with Zika virus infection overall in our cohort of pregnant women with
laboratory-confirmed ZVD (2%) and among those with symptom onset in the first trimester
(3%).

Variation in the case definition for birth defects associated with Zika virus infection during
pregnancy has made it challenging to compare the findings from published studies. In a
cohort of women in Rio de Janeiro who had undergone postnatal neuroimaging (e.g.,
transfontanel ultra-sonography, computed tomography, and magnetic resonance imaging
[MRI]), 58 of 125 women with Zika virus infection (46%) had an adverse pregnancy
outcome. However, among the adverse outcomes that were identified, only 3% involved the
presence of microcephaly. In the other cases, adverse outcomes were identified only on
neuroimaging, including findings of unclear clinical significance (e.g., excessive
hypersignaling in white matter on T2-weighted MRI).7:32 Other reports that have relied on a
narrower case definition for ZVVD-associated birth defects have used active methods for
ascertaining outcomes. In these studies, structural brain or eye defects were reported in 5 to
10% of infants or fetuses carried by women with Zika virus infection. Of the surviving
infants, approximately 9% were found to have a neurodevelopmental abnormality that was
potentially linked to Zika virus infection by 1 year of age.11

Early in 2016, the Zika virus outbreak was deemed to be a public health emergency of
international concern because of the threat posed to pregnant women and their developing
infants.33 A rapid clinical and public health response was essential to identify the causal link
between the virus and serious birth defects, and efforts are ongoing to understand the
neurodevelopmental consequences of Zika virus infection during pregnancy.>11 In a
separate cohort of 70 Colombian infants with documented maternal Zika virus infection
during pregnancy but no clinical signs of congenital Zika syndrome and normal prenatal
neuroimaging, an assessment of neurodevelopment by standardized tools in infants between
4 and 18 months of age showed developmental scores falling further below the mean as the
children aged.3* This finding emphasizes the importance of long-term follow-up of children
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with Zika virus exposure.3® In Colombia, as in every country that has had a Zika virus
outbreak, affected children will need to be followed to identify all disabilities associated
with this infection and to ensure that families are linked to needed services.
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Figure 1. Pregnant Women with Symptoms of Zika Virus Disease (ZVD) in Colombia, According

to the Date of Symptom Onset (June 15, 2015-July 31, 2016).

Shown is the distribution of symptom onset among 18,117 pregnant women who were
reported to the Colombian national surveillance system as having ZVD during the most
recent outbreak. The numbers of total cases and laboratory-confirmed cases are provided.
Laboratory confirmation was determined by the presence of Zika virus RNA on real-time

reverse transcriptase—polymerase-chain-reaction (rRT-PCR)

assay.
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5926 Pregnancies (including one set
of twins) were reported in women with
laboratory confirmation of ZVD

253 Were excluded
(could have more than
one reason)
179 (3%) Had unknown
> or implausible gestational
age at time of maternal
symptom onset
237 (4%) Did not have a reported
outcome

y

5673 (96%) Had reported outcome

»|172 (3%) Resulted in pregnancy loss

\J

5501 (979%) Resulted in live birth

Figure 2. Analysis of Surveillance Data and Pregnancy Outcomes.
To clarify the outcomes of pregnancies (including one set of twins), data are provided for

infants or fetuses rather than pregnant women. The presence of Zika virus infection in
infants or fetuses was confirmed on rRT-PCR assay.
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Figure 3. Laboratory-Confirmed ZVD among Pregnant Women and Reported Cases of Brain or

Eye Defects among Infants or Fetuses.

Panel A shows the number of pregnant women with laboratory-confirmed ZVD per 100,000
women of childbearing age in Colombia from June 15, 2015, to July 31, 2016, during the
most recent outbreak of Zika virus infection. Panel B shows the number of reported cases of
brain or eye defects among infants or fetuses in Colombia from September 2015 through

April 2017.
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