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ABSTRACT

BACKGROUND

Prenatal exposure to Zika virus has potential teratogenic effects, with a wide spec-
trum of clinical presentation referred to as congenital Zika syndrome. Data on
survival among children with congenital Zika syndrome are limited.

METHODS

In this population-based cohort study, we used linked, routinely collected data in
Brazil, from January 2015 through December 2018, to estimate mortality among
live-born children with congenital Zika syndrome as compared with those without
the syndrome. Kaplan—-Meier curves and survival models were assessed with ad-
justment for confounding and with stratification according to gestational age,
birth weight, and status of being small for gestational age.

RESULTS

A total of 11,481,215 live-born children were followed to 36 months of age. The
mortality rate was 52.6 deaths (95% confidence interval [CI], 47.6 to 58.0) per 1000
person-years among live-born children with congenital Zika syndrome, as com-
pared with 5.6 deaths (95% CI, 5.6 to 5.7) per 1000 person-years among those
without the syndrome. The mortality rate ratio among live-born children with
congenital Zika syndrome, as compared with those without the syndrome, was
11.3 (95% CI, 10.2 to 12.4). Among infants born before 32 weeks of gestation or
with a birth weight of less than 1500 g, the risks of death were similar regardless
of congenital Zika syndrome status. Among infants born at term, those with con-
genital Zika syndrome were 14.3 times (95% CI, 12.4 to 16.4) as likely to die as
those without the syndrome (mortality rate, 38.4 vs. 2.7 deaths per 1000 person-
years). Among infants with a birth weight of 2500 g or greater, those with con-
genital Zika syndrome were 12.9 times (95% CI, 10.9 to 15.3) as likely to die as
those without the syndrome (mortality rate, 32.6 vs. 2.5 deaths per 1000 person-
years). The burden of congenital anomalies, diseases of the nervous system, and
infectious diseases as recorded causes of deaths was higher among live-born
children with congenital Zika syndrome than among those without the syndrome.

CONCLUSIONS
The risk of death was higher among live-born children with congenital Zika syn-
drome than among those without the syndrome and persisted throughout the first
3 years of life. (Funded by the Ministry of Health of Brazil and others.)
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IKA VIRUS (ZIKV) INFECTION IS SPREAD

by Aedes aegypti mosquitoes, and during

pregnancy, the infection can be transmit-
ted across the placenta to the developing fetus,
with potential teratogenic effects, including se-
vere central nervous system anomalies.! Although
most fetuses with prenatal ZIKV exposure pres-
ent without detectable clinical anomalies, some
congenitally infected offspring can have mild,
moderate, or severe adverse outcomes,’> which
are collectively referred to as congenital Zika
syndrome.>* The phenotype for congenital Zika
syndrome encompasses a wide spectrum of struc-
tural anomalies (e.g., cortical atrophy with micro-
cephaly®), functional impairments (e.g., dyspha-
gia®), and clinical sequelae (e.g., epilepsy”®) that
may manifest at birth or in early life.’ The prog-
nosis for live-born children with congenital Zika
syndrome is not fully described, but the most
severe phenotype seems to be associated with
first-trimester exposure to ZIKV,"® and one im-
portant prognostic factor is the severity of micro-
cephaly.’ Preliminary evidence indicates that
affected children may have a case fatality rate of
10% in the first years of life.}? Nevertheless, the
relative risk of death among live-born children
with congenital Zika syndrome, as compared with
those without the syndrome, and the role of
important predictors of child mortality, such as
gestational age at birth and birth weight, remain
unclear.

Using national population-based, linked data
on more than 11.7 million live-born children
between 2015 and 2018 in Brazil, a country with
a considerable burden of congenital Zika syn-
drome during the ZIKV epidemic in the Ameri-
cas, we aimed to investigate the risk of death
and the causes of deaths among children born
with congenital Zika syndrome, as compared
with those without the syndrome; to compare
mortality rates among live-born children with
congenital Zika syndrome, according to micro-
cephaly status, with the rate among children
without the syndrome; to compare mortality
rates among children with congenital Zika syn-
drome, according to the timing and presence or
absence of maternal rash (a main indicator ZIKV
infection), with the rate among children without
the syndrome; and to examine the role of gesta-
tional age at birth and birth weight by calculat-
ing stratified mortality rate ratios.

METHODS

STUDY DESIGN

We conducted a retrospective population-based
cohort study that included data on all singleton
live births that occurred in Brazil from January
1, 2015, to December 31, 2018. These live-born
children were followed from birth until an age
of 36 months (3 years), death, or December 31,
2018, whichever occurred first. This study ana-
lyzed deidentified data and was approved by the
ethics committee at the Institute of Collective
Health, Federal University of Bahia.

DATA SOURCE

We obtained information about congenital Zika
syndrome from the Public Health Event Record,'
which has registered information about all cases
of suspected microcephaly or central nervous sys-
tem alterations possibly associated with congeni-
tal ZIKV infection since 2015. From this record,
we retained data on final disease classification
(confirmed or ruled-out congenital Zika syn-
drome), presence and timing of maternal rash
during pregnancy, and head circumference of
the live-born infant.

The Live Birth Information System (SINASC),*
an information system with 100% coverage of
the Brazilian territory,” records data from the
Declaration of Live Births, a legal document that
is completed by the health worker who assists in
the delivery. From this system, we obtained in-
formation about the mother (age, educational
attainment, marital status, and race and ethnic
group), the pregnancy (number of prenatal ap-
pointments, length of gestation, and status of
having multiple fetuses), and the newborn (birth
weight and sex).

Death-related information was obtained from
the Mortality Information System,'® which records
death certificates. The death certificate is a legal
document that must be completed by the physi-
cian responsible for clinical care, an assistant, or
other practitioner from the institution who attests
to the cause of death. In cases in which the death
occurs outside medical facilities, the death cer-
tificate is provided by a pathologist. We obtained
information on the date of death and the under-
lying cause of death according to the International
Classification of Diseases, 10th Revision (ICD-10). As
of 2016, the Mortality Information System was
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estimated to cover nearly 97% of deaths in
Brazil.'¢

LINKAGE PROCESS

Live-birth records from the Live Births Informa-
tion System were linked with the Public Health
Event Record and the Mortality Information
System. The mother’s name, date of birth or age,
and residence were used as matching variables.
The linkage was performed with a Center of Data
and Knowledge Integration for Health record-
linkage tool that was developed to link large-
scale administrative data sets at the center by
applying a combination of indexing and search-
ing-algorithms approaches.” All the data were
extracted in 2020 and made available by the
Brazilian Ministry of Health. Linkage proce-
dures were conducted at the Center of Data and
Knowledge Integration for Health in a strict
data-protection environment and according to
ethical and legal rules.’®

PROCEDURES

We included data on all singleton live-born chil-
dren who contributed records during the study
period. We excluded records registered in the
Public Health Event Record in which congenital
Zika syndrome was suspected but then ruled out
after epidemiologic investigation and records
that were classified as cases under investigation
or inconclusive.

In Brazil, live-born children who meet one or
more of the following criteria have their cases
reported and investigated as suspected cases of
congenital Zika syndrome: microcephaly, defined
as a head circumference that is more than 2 SD
below the mean for age and sex (according to
INTERGROWTH-21st standards for infants born
at <37 weeks of gestation or according to World
Health Organization standards for infants born
at >37 weeks of gestation); craniofacial dispro-
portion (microcrania in relation to the face);
central nervous system changes suggestive of
congenital infection as detected on neuroimaging
tests (cranial computed tomography, magnetic
resonance imaging of the head, or transfonta-
nellar ultrasonography); two or more neurologic,
visual, or auditory manifestations; or a birth
mother who reported fever or rash during preg-
nancy, which was likely or confirmed to be re-
lated to ZIKV infection, regardless of the identi-

fication of congenital malformations at birth.?*!
After notification, all suspected cases were in-
vestigated by the epidemiologic surveillance
teams and classified as confirmed, probable,
inconclusive, or ruled-out cases (Fig. S1 in the
Supplementary Appendix, available with the full
text of this article at NEJM.org).

Suspected cases of congenital Zika syndrome
were considered to be confirmed if there were
signs and symptoms consistent with the syn-
drome (Table S1) or laboratory evidence of ZIKV
infection (from molecular or serologic testing)
or the mother had reported fever or rash during
pregnancy. Probable cases involved -clinical
changes compatible with congenital Zika syn-
drome and negative tests for other congenital
infections although specific laboratory diagno-
sis for ZIKV infection was not available and the
mother was asymptomatic during pregnancy.
Suspected cases were ruled out if there were
compatible clinical symptoms that, after clinical
and epidemiologic investigation, were attributed
to another cause, such as microcephaly related
to restricted intrauterine growth or genetic dis-
ease. Other cases were inconclusive owing to
insufficient information for proper classification
or remained under investigation.*

We defined cases as all live births that were
classified in the Public Health Event Record as
confirmed or probable congenital Zika syndrome
and that had a registry entry linked with a Live
Births Information System record. We then classi-
fied live-born children with congenital Zika syn-
drome into two categories: those with microceph-
aly (head circumference >2 SD below the mean
for age and sex, according to INTERGROWTH-21st
standards) and those without microcephaly. We
also classified cases of congenital Zika syndrome
according to the timing of maternal rash during
pregnancy (first trimester, second trimester, third
trimester, or no report of rash during pregnancy).
We identified live-born children who died during
the study period by linking the Live Births Infor-
mation System with the Mortality Information
System.

STATISTICAL ANALYSIS

Descriptive statistics are presented for the mater-
nal sociodemographic data and newborn charac-
teristics. Mortality rates (deaths per 1000 person-
years) and crude mortality rate ratios (hazard
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Table 1. Baseline Characteristics of Singleton Live-Born Children and Their Mothers in the Cohort-Linked Data in Brazil

(2015-2018).%

Characteristic
Mother
Age — no./total no. (%)
<20yr
20-34yr
=35 yr
Marital status — no./total no. (%)
Single, widowed, or divorced
Married or in civil union
Educational attainment — no./total no. (%)
Oyr
1-3yr
4-7 yr
8-1lyr
=12 yr
Race — no./total no. (%)
White
Black, mixed race, or other

No. of prenatal appointments — no./total no.

%)
0
1-3
46
=7
Child
Year of birth — no. (%)
2015
2016
2017
2018
Sex — no./total no. (%)
Female

Male

Geographic region of Brazil — no./total no. (%)

North
Northeast
Southeast
South
Central west
Gestational age at birth — no./total no. (%)
<32 wk

Live-Born Children with
Congenital Zika Syndrome
(N=3308)

769/3308 (23.2)
2179/3308 (65.9)
360/3308 (10.9)

1736/3268 (53.1)
1532/3268 (46.9)

25/3256 (0.8)
106/3256 (3.3)
749/3256 (23.0)

2011/3256 (61.8)
365/3256 (11.2)

584/3101 (18.8)
2517/3101 (81.2)

51/3176 (1.6)
307/3176 (9.7)
923/3176 (29.1)

1895/3176 (59.7)

1215 (36.7)

1538 (46.5)
364 (11.0)
191 (5.8)

1757/3300 (53.2)
1543/3300 (46.8)

181/3306 (5
1986/3306 (6

(

(60.1)
801/3306 (2

(

(

5)
0.1
42)
73/3306 (2.2)
265/3306 (8.0)

110/3197 (3.4)

Live-Born Children without
Congenital Zika Syndrome
(N=11,477,907)

1,958,784/11,477,757 (17.1)
7,922,774/11,477,757 (69.0)
1,596,199/11,477,757 (13.9)

5,046,501/11,349,948 (44.5)
6,303,447/11,349,948 (55.5)

54,922/11,312,054 (0.

264,514/11,312,054 (2
1,932,786/11,312,054 (1
6,834,566/11,312,054 (6
2,225,266/11,312,054 (1

5)

3)

7.1)
0.4)
9.7)
3,987,857/10,961,753 (36.4)
6,973,896/10,961,753 (63.6)

64,992/11,182,062 (0.6)
683,661/11,182,062 (6.1)
2,609,078/11,182,062 (23.3)
7,824,331/11,182,062 (70.0)

2,945,913 (25.7)
2,794,266 (24.3)
2,857,930 (24.9)
2,879,798 (25.1)
5,591,949/11,475,906 (48.7)
5,883,957/11,475,906 (51.3)

1,237,863/11,474,446 (10.8

3,224,654/11,474,446 (28.1

4,508,232/11,474,446 (39.3
(135
(

= = =0 =Z

1,553,930/11,474,446 (13.
949,767/11,474,446 (8.3)

155,151/11,228,963 (1.4)
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Table 1. (Continued.)

Characteristic

32-36 wk
=37 wk
Birth weight — no./total no. (%)
<1500 g
1500-2499 g
=2500 g

Status of being small for gestational age
— no./total no. (%)

Yes
No

Live-Born Children with
Congenital Zika Syndrome

Live-Born Children without
Congenital Zika Syndrome
(N=3308) (N=11,477,907)
535/3197 (16.7)

2552/3197 (79.8)

988,036/11,228,963 (8.8)
10,085,776/11,228,963 (89.8)

155/3306 (4.7)
1048/3306 (31.7)
2103/3306 (63.6)

127,967/11,467,115 (1.1)
706,939/11,467,115 (6.2)
10,632,209/11,467,115 (92.7)

1156/3156 (36.6)
2000/3156 (63.4)

794,313/11,111,816 (7.1)
10,317,503/11,111,816 (92.9)

* Overall, data on various characteristics were missing for 896,987 live-born children or their mothers.
7 Data on race, as initially reported by the mother, were obtained from the Live Birth Information System.

ratios) with 95% confidence intervals for the com-
parisons of live-born children with congenital
Zika syndrome with those without the syndrome
were estimated with the use of Cox proportional-
hazards models. We also conducted a sensitivity
analysis that involved confirmed cases only.
Kaplan—Meier curves were plotted, and we com-
pared live-born children with congenital Zika
syndrome and those without the syndrome over-
all, as well as according to head circumference
and according to the timing of maternal rash
during pregnancy.

Finally, we fitted penalized Cox proportional-
hazards regression models using restricted maxi-
mum likelihood with frailty terms corresponding
to random effects from a Gaussian distribution
to account for within-cluster (region of maternal
residency) homogeneity in outcomes.”?> We used
these analyses to obtain the adjusted mortality
rate ratio. The adjusted models were controlled
for maternal age, educational attainment, mari-
tal status, race and ethnic group, and number of
prenatal appointments and for the sex and year
of birth of the newborn, with stratification ac-
cording to gestational age (<32 weeks, 32 to 36
weeks, or >37 weeks), birth weight (<1500 g,
1500 to 2499 g, or 22500 g), and status of being
small for gestational age (<10th percentile ac-
cording to the INTERGROWTH-21st standards;
yes or no). For the time scale in our survival
analyses, we used age attained within the study,
neonatal mortality (£27 days of age), infant mor-
tality (£364 days of age), and total mortality

(£36 months of age). Data analyses were per-
formed with the use of Stata software, version
15.0 (StataCorp).

RESULTS

CHARACTERISTICS OF THE CHILDREN

We followed 11,481,215 live-born children from
birth up to 36 months of age (mean, 23 months;
range, 0 to 36) (Fig. S2). The characteristics of
the study population are reported in Table 1. In
general, the 3308 live-born children with con-
genital Zika syndrome had mothers who were
younger and had less educational attainment
than the 11,477,907 children without the syn-
drome. A total of 20.2% of the live-born children
with congenital Zika syndrome were born pre-
term (<36 weeks of gestational age), 36.4% had
a low birth weight (<2500 g), and 36.6% were
small for gestational age, as compared with
10.2% of the live-born children without the syn-
drome being born preterm, 7.3% having a low
birth weight, and 7.1% being small for gesta-
tional age.

OVERALL MORTALITY

By the end of the study period, 398 live-born
children who met the study case-definition cri-
teria for congenital Zika syndrome and 120,629
live-born children without the syndrome had
died. The overall mortality rate up to 36 months
of age among live-born children with congenital
Zika syndrome was 11.3 times (95% confidence
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Table 2. Risk of Death among Singleton Live-Born Children According to Age Group and Congenital Zika Syndrome Status in Brazil (2015-2018).

Age Group
at Time
of Death*

<3 Yr of age

Infancy
Neonatal
Postneonatal

=1 Yr of age

Live-Born Children with
Congenital Zika Syndrome
(N=3308)

No. of Deaths per

No. of Deaths 1000 Person-Yr (95% Cl)

398 52.6 (47.6-58.0) 120,629 5.6 (5.6-5.7) 11.3 (10.2-12.4)
326 109.2 (98.0-8.121) 112,181 11.3 (11.2-11.3) 10.2 (9.1-11.3)
163 696.5 (597.3-812.0) 80,006 95.7 (95.0-96.3) 7.2 (6.2-8.4)
163 59.4 (51.0-69.3) 32,175 3.5 (3.5-3.6) 17.4 (14.9-20.3)
72 15.7 (12.4-19.7) 8,448 0.7 (0.7-0.8) 21.9 (17.3-27.6)

Live-Born Children without
Congenital Zika Syndrome

No. of Deaths

Mortality Rate
Ratio
(N=11,477,907) (95% Clyf
No. of Deaths per
1000 Person-Yr (95% Cl)

* Overall, deaths were assessed among live-born children up to 3 years (36 months) of age. Neonatal deaths occurred at or before 27 days of
age, postneonatal deaths occurred at 28 to 364 days of age, and infant deaths occurred at or before 364 days of age.

T The mortality rate ratio is based on the number of deaths per 1000 person-years.

762

interval [CI], 10.2 to 12.4) as high as that among
live-born children without the syndrome. The
increased risk of death persisted throughout the
observation period, with no suggestion of attenu-
ation by the age of 3 years among children with
congenital Zika syndrome. The highest mortality
rate ratio, 21.9 (95% CI, 17.3 to 27.6), was found
among children 1 year of age or older, when the
mortality rate among children without the syn-
drome was 0.7 deaths per 1000 person-years
(Table 2). In a restricted analysis involving live-
born children with confirmed congenital Zika
syndrome, results were similar to those in the
primary analysis (Table S2).

MORTALITY RATE COMPARISON

The likelihood of death in the study population
from birth up to 36 months is shown in Fig-
ure 1A. The probability of death was greater
among live-born children with congenital Zika
syndrome than among those without the syn-
drome, and the difference increased with age.
Information on head circumference was avail-
able for 2733 of 3308 live-born children (82.6%)
with congenital Zika syndrome; 66.0% of these
children had microcephaly at birth. Among 2663
live-born children with congenital Zika syndrome
for whom complete information on maternal
rash was available, this symptom was reported
for 1364 (51.2%) during pregnancy, with 62.2%
of rashes reported in the first trimester, 21.5%
in the second trimester, 8.7% in the third tri-
mester, and 7.6% an in unspecified trimester.
The association of congenital Zika syndrome
with mortality up to 36 months did not differ

N ENGLJ MED 386;8

NEJM.ORG

materially between live-born children with micro-
cephaly and those without microcephaly or on the
basis of whether mothers reported a rash during
pregnancy and the timing of any rash. However,
the numbers were relatively small, and the study
may have lacked power to identify differences
between these subgroups (Fig. 1B and 1C).
Mortality rates differed across categories de-
fined on the basis of gestational age, birth
weight, and status of being small for gestational
age (Fig. 2). Live-born children with congenital
Zika syndrome and those without the syndrome
had similar mortality rates if they were born
before 32 weeks of gestation or weighed less
than 1500 g. If they were born after 32 weeks of
gestation, children with congenital Zika syn-
drome were more likely than those without the
syndrome to die, and the highest mortality rate
ratios were observed among children born at
term and among those with a normal birth
weight; in these respective subgroups, children
with congenital Zika syndrome were 14.3 times
(95% CI, 12.4 to 16.4) and 12.9 times (95% CI,
10.9 to 15.3) as likely to die as their counterparts
without the syndrome (mortality rate, 38.4 vs.
2.7 deaths per 1000 person-years and 32.6 vs. 2.5
deaths per 1000 person-years, respectively). Live-

Figure 1 (facing page). Kaplan—Meier Curves of Survival
up to 36 Months of Age among Live-Born Children with
Congenital Zika Syndrome, as Compared with Those
without the Syndrome, According to Age, Microencephaly
Status, and Timing of Maternal Rash during Pregnancy.
Shading represents 95% confidence intervals. Insets
show the same data on an expanded y axis.
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A Age

No. at Risk
Congenital Zika syndrome

Without congenital Zika syndrome

1.005  0.18+
4 0.16
1] 090 Congenital Zika syndrome
H 0.14+
g 0.80
S8 070
£
§ 5 0.60
E g 0501
) .
5 m? 0407 .02 Without congenital Zika syndrome
2 v :
E 3 0309 0.00 T T T T T 1
13 0.20 0 6 12 18 24 30 36
& 0104
0.00 T T T T T 1
0 6 12 18 24 30 36
Age (mo)
3,308 2,973 2,820 2,661 2,478 1,893 1,099
11,500,000 9,997,496 8,505,972 7,125,492 5,667,138 4,374,716 2,900,641

B Head Circumference

1.004 0.18+
0o 0.90- 0.16- Congenital Zika syndrome without microcephaly
< 0.14
[} -
£ . 0.80 0124
w2 0704 0104
<3
55 %01 2% Congenital Zika synd ith mi hal
)
3 Lé o050 0.06- ) ongenital Zika syndrome with microcephaly
w“ =
5SS 440 0.04—/
H ?’ A 0.02 Without congenital Zika syndrome
‘5 5 030 0.00— T T T T T 1
&7 020 0 6 12 18 24 30 36
& 0.104
|
0.00 T T T T T 1
0 6 12 18 24 30 36
Age (mo)
No. at Risk
Congenital Zika syndrome without microcephaly 929 822 760 696 617 473 246
Congenital Zika syndrome with microcephaly 1,804 1,663 1,589 1,516 1,445 1,060 648
Without congenital Zika syndrome 11,500,000 9,997,496 8,505,972 7,125,492 5,667,138 4,374,716 2,900,641
C Maternal Rash
_ Congenital
1.00 0.18 Zika syndrome
0.90- 016
% 014 No rash
] 0.80+ ’ First trimester
Ec 0.12
w2 0.704  o.10
£3 0.08
s 0.60+ . Second trimester
[a} Lé 0504 0.06 Third trimester
w“ =
© g 0.04
5 ?’ 0404 11, Without congenital
£ 2 0304 000 : : . : : IZ|ka syndrome
&7 020 0 6 12 18 24 30 36
& 0104
0.00F—— . . . . .
0 6 12 18 24 30 36
Age (mo)
No. at Risk
Congenital Zika syndrome with no rash 1,299 1,130 1,030 931 820 584 264
Congenital Zika syndrome with maternal rash in first trimester 849 774 760 736 721 515 298
Congenital Zika syndrome with maternal rash in second trimester 293 282 276 266 256 202 133
Congenital Zika syndrome with maternal rash in third trimester 119 112 108 105 99 81 40
11,500,000 9,997,496 8,505,972 7,125,492 5,667,138 4,374,716 2,900,641

Without congenital Zika syndrome
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Without
Congenital Zika Congenital Zika
Syndrome Syndrome
Subgroup (N=3308) (N=11,477,907) Mortality Rate Ratio (95% Cl)
No. of No. of
No.of  Live-Born No. of  Live-Born
Deaths Children Deaths Children
Gestational age at birth
<32 wk 26 87 37,979 138,402 ~——4—— 1.0 (0.7-1.5)
32-36 wk 98 486 19,968 913,254 —— 8.9 (7.3-10.9)
=37 wk 198 2298 45,851 9,388,582 —— 14.3 (12.4-16.4)
Birth weight
<1500 g 53 134 39,057 113,027 —f— 1.1 (0.9-1.5)
1500-2499 g 144 933 20,985 645,762 —— 4.6 (3.9-5.4)
=2500 g 139 1875 45,171 9,829,232 —— 12.9 (10.9-15.3)
Small for gestational age
Yes 155 1042 22,818 722,048 —— 4.8 (4.1-5.6)
No 161 1801 72,844 9,614,014 —— 9.3 (7.9-10.8)
o 1 3 6 9 121518

with Those without the Syndrome.

rate ratio is based on the number of deaths per 1000 person-years.

Figure 2. Subgroup Analysis of Mortality up to 36 Months of Age among Live-Born Children with Congenital Zika Syndrome, as Compared

The subgroup analysis was conducted with a Cox proportional-hazards analysis, with adjustment for maternal age, educational attainment,
marital status, race or ethnic group, and number of prenatal appointments and the sex and year of birth of the newborn. The subgroup
analysis was stratified according to gestational age at birth, birth weight, and status of being small for gestational age. The mortality

born children with congenital Zika syndrome
who were small for gestational age were almost
5 times as likely to die as those without the
syndrome, whereas children with congenital
Zika syndrome who had a size appropriate for
their gestational age were approximately 9 times
as likely to die as their counterparts without the
syndrome.

CODED CAUSES OF DEATH

Among children with congenital Zika syn-
drome, the causes of deaths coded under the
ICD-10 chapters for certain infectious and para-
sitic diseases (A00—B99), diseases of the nervous
system (G00-G99), and congenital malforma-
tions (Q00—-Q99) were twice as common as they
were among children without the syndrome
(Fig. 3). In these three categories, the respective
leading causes were sepsis due to an unspecified
organism, hydrocephalus (unspecified), and mi-
crocephaly. After the first year of life, causes of
death due to nervous system diseases and con-
genital anomalies continued to be leading causes.
However, with regard to the GO0—G99 chapter,
the most common cause of death in this age
group was cerebral palsy. Diseases of the circu-
latory system (I00-199) were responsible for 58%
more deaths among live-born children with con-

genital Zika syndrome than among those with-
out the syndrome; leading causes of death were
cardiomyopathy, other cardiac arrhythmias, and
heart failure.

DISCUSSION

Analyses of Brazilian national registry—based data
showed that the mortality rates among children
with congenital Zika syndrome up to 3 years of
age were more than 11 times as high as among
those without the syndrome. Among live-born
children with congenital Zika syndrome, the risk
of death did not differ materially according to
microcephaly status or the timing and presence
or absence of maternal-reported rash. The risk
of death among the smallest infants was similar
regardless of congenital Zika syndrome status;
however, children with congenital Zika syndrome
who were born at term or who had a normal
birth weight were more than 12 times as likely
to die as their counterparts without the syn-
drome. Finally, we observed that conditions that
were classified as congenital malformations,
diseases of the nervous system, and certain in-
fectious diseases were more common causes of
death among children with congenital Zika syn-
drome than those without the syndrome.
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mortality included deaths at or before 364 days of age.

Figure 3. Causes of Death, According to Congenital Zika Syndrome Status, in Brazil (2015-2018).
Causes of death were categorized according to chapter in the International Classification of Diseases, 10th Revision. The analysis of infant

Data on mortality associated with congenital
Zika syndrome are scant. In a series of con-
firmed cases of congenital Zika syndrome in
Brazil, the mortality rate up to 8 days was esti-
mated at 41.1 deaths per 1000 live births.” In a
U.S. population—based surveillance study involv-
ing all the infants and fetuses with congenital
abnormalities deemed to be potentially related
to ZIKV infection, the mortality rate among neo-
nates was 45.9 deaths per 1000 live births.** A
similar risk was observed in our study. However,
only a longer follow-up could have revealed that
after the neonatal period, the absolute mortality
rates among live-born children with congenital
Zika syndrome did not decrease as dramatically
over time as they did among children without
the syndrome.

Our understanding of the effect of congenital
Zika syndrome on the brain is still emerging;
the effects of central nervous system dysfunction
with or without microcephaly are expected to
result in a wide variety of outcomes.** Although
some studies have shown that the most severe
phenotype appears to be associated with expo-
sure during the first trimester of pregnancy,*2
neither early exposure (with the use of rash as a
proxy) nor microcephaly status showed a differ-
ence in the mortality rates, potentially owing to
the small number of events. Therefore, the roles

of head circumference and timing of maternal
symptoms of ZIKV infection as risk factors for
death among children with congenital Zika syn-
drome cannot be fully assessed.

Previous studies have shown that live-born
children with congenital Zika syndrome had
greater frequencies of low birth weight” and
status of being small for gestational age®? —
features that are compatible with higher child
mortality. However, in our study, the risks of
death among the smallest infants did not differ
according to congenital Zika syndrome status.
Moreover, among children with congenital Zika
syndrome, those who were born at term or had
a normal birth weight, who would have had a
high chance of thriving without the impair-
ments resulting from congenital Zika syndrome,
were at a strikingly elevated risk for death. Chil-
dren with congenital Zika syndrome have mul-
tiple neurologic complications and long-term
sequelae that confer an increased risk of death.
These conditions include cerebral palsy, which
was one of the main causes of deaths identified
in this study, and epilepsy, which has an esti-
mated prevalence of 67% in this group.** How-
ever, a better understanding of the causal mor-
tality chain is needed.

A strength of our study was the large sample,
which included all confirmed and probable cases
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of congenital Zika syndrome that had been iden-
tified in the country. We also included a popula-
tion-representative comparison group and were
able to control for confounding. The results of
the sensitivity analyses (which included only con-
firmed cases) were consistent with our primary
findings.

However, our study has several limitations.
First, the study was based on registry data, and
relevant clinical data were not available. Second,
at the beginning of the ZIKV epidemic, the health
services network did not have specific diagnostic
tests for ZIKV infections. Therefore, there may
have been underreporting in the Public Health
Event Record, mainly among fetuses who had
been prenatally exposed to ZIKV but who did not
have detectable malformations at birth. Third,
the linkage process could have introduced clas-
sification bias owing to a linkage error. How-
ever, if an error had occurred in the linkage indi-
cating exposure (i.e., congenital Zika syndrome),
the measure of association probably would have
been underestimated. If the error had occurred
in the linkage indicating the outcome (e.g.,
death), the effect would probably have led to
nondifferential misclassifications and thus would
have been unlikely to introduce bias in the mea-
sure of association, although the absolute mea-

sures of risk may have been underestimated.
Fourth, there was a slight variation in data com-
pleteness according to congenital Zika syndrome
status. However, data on all the variables were
more than 80% complete in the two study groups.

This study showed a higher risk of death
among live-born children with congenital Zika
syndrome than among those without the syn-
drome, and the risk persisted throughout the
first 3 years of life. These findings draw atten-
tion to the importance of primary prevention of
infection in women of childbearing age against
Aedes aegypti bites.

The findings and conclusions in this article are those of the
authors and do not necessarily represent the official position of
the Centers for Disease Control and Prevention.

Supported by the Secretary of Health Surveillance, Ministry
of Health of Brazil, and by grants from the Wellcome Trust
(213589/Z/18|Z, to Dr. Paixao), the Wellcome Trust with the U.K.
Department for International Development (205377/Z/16/Z, to
Dr. Barreto), the British Council Newton Fund (527418645, to Dr.
Brickley), and the European Union Horizon 2020 Research and
Innovation Program under the Zika Preparedness Latin Ameri-
can Network (ZikaPLAN; 734584, to Dr. Brickley).

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

We thank the data production team at the Center of Data and
Knowledge Integration for Health and the Fiocruz collaborators
for their work in linking these data and for providing informa-
tion on data quality, the information technology team for assis-
tance in accessing the data, and Tiago Mendes Cruz and Kerry
Wong for help with earlier versions of the figures.

REFERENCES

1. Musso D, Ko Al, Baud D. Zika virus
infection — after the pandemic. N Engl J
Med 2019;381:1444-57.

2. DPomar L, Vouga M, Lambert V, et al.
Maternal-fetal transmission and adverse
perinatal outcomes in pregnant women
infected with Zika virus: prospective co-
hort study in French Guiana. BMJ 2018;
363:k4431.

3. Miranda-Filho DB, Martelli CMT,
Ximenes RAA, et al. Initial description of
the presumed congenital Zika syndrome.
Am J Public Health 2016;106:598-600.

4. Moore CA, Staples JE, Dobyns WB,
et al. Characterizing the pattern of anom-
alies in congenital Zika syndrome for pe-
diatric clinicians. JAMA Pediatr 2017;171:
288-95.

5. Del Campo M, Feitosa IML, Ribeiro
EM, et al. The phenotypic spectrum of
congenital Zika syndrome. Am J Med
Genet A 2017;173:841-57.

6. Oliveira DMS, Miranda-Filho DB,
Ximenes RAA, et al. Comparison of oro-
pharyngeal dysphagia in Brazilian chil-
dren with prenatal exposure to Zika virus,
with and without microcephaly. Dyspha-
gia 2021;36:583-94.

7. Carvalho MDCG, Ximenes RAA, Mon-
tarroyos UR, et al. Early epilepsy in chil-
dren with Zika-related microcephaly in a
cohort in Recife, Brazil: characteristics,
electroencephalographic findings, and
treatment response. Epilepsia 2020;61:
509-18.

8. Quilido ME, Venancio FA, Mareto LK,
et al. Neurological development, epilepsy,
and the pharmacotherapy approach in
children with congenital Zika syndrome:
results from a two-year follow-up study.
Viruses 2020;12:1083.

9. Melo ASO, Aguiar RS, Amorim MMR,
et al. Congenital Zika virus infection: be-
yond neonatal microcephaly. JAMA Neu-
rol 2016;73:1407-16.

10. Rasmussen SA, Jamieson DJ. Terato-
gen update: Zika virus and pregnancy.
Birth Defects Res 2020;112:1139-49.

11. Panchaud A, Stojanov M, Ammerdorf-
fer A, Vouga M, Baud D. Emerging role of
Zika virus in adverse fetal and neonatal
outcomes. Clin Microbiol Rev 2016;29:
659-94.

12. Costa MCN, Cardim LL, Teixeira MG,
et al. Case fatality rate related to micro-
cephaly congenital Zika syndrome and

associated factors: a nationwide retro-
spective study in Brazil. Viruses 2020;12:
1228.

13. Ministério da Satide do Brasil. RESP
— Registro de Eventos em Satde Publi-
ca. 2017 (http://[www.resp.saude.gov.br/
microcefalia#/painel).

14, Manual de preenchimento da decla-
ragdo de nascido vivo. Prefeito do Mu-
nicipio de Sdo Paulo. 2011 (https://www
.prefeitura.sp.gov.br/cidade/secretarias/
upload/saude/arquivos/publicacoes/Manual
_DN_02fev2011.pdo).

15. Bonilha EA, Vico ESR, de Freitas M,
et al. Cobertura, completude e confiabili-
dade das informagdes do Sistema de In-
formagGes sobre Nascidos Vivos de ma-
ternidades da rede publica no municipio
de Sdo Paulo, 2011. Epidemiol Serv Saude
2018;27(1):e201712811.

16. Secretaria de Vigilancia em Satde.
Sadde Brasil 2018: uma andlise de situa-
¢do de saide e das doengas e agravos
cronicos: desafios e perspectivas. Brasilia,
Brazil: Ministério da Saude, 2019.

17. Barbosa GCG, Ali MS, Araujo B, et al.
CIDACS-RL: a novel indexing search and
scoring-based record linkage system for

N ENGL J MED 386;8 NEJM.ORG FEBRUARY 24, 2022

The New England Journal of Medicine
Downloaded from nejm.org on February 27, 2022. For personal use only. No other uses without permission.
Copyright © 2022 Massachusetts Medical Society. All rights reserved.



MORTALITY FROM CONGENITAL ZIKA SYNDROME IN BRAZIL

huge datasets with high accuracy and
scalability. BMC Med Inform Decis Mak
2020;20:289.

18. Barreto ML, Ichihara MY, Almeida BA,
et al. The Centre for Data and Knowledge
Integration for Health (CIDACS): linking
health and social data in Brazil. IntJ Popul
Data Sci 2019;4:1140.

19. Papageorghiou AT, Ohuma EO, Altman
DG, et al. International standards for fe-
tal growth based on serial ultrasound
measurements: the Fetal Growth Longitu-
dinal Study of the INTERGROWTH-21st
Project. Lancet 2014;384:869-79.

20. Ministério da Sadde. OrientacGes inte-
gradas de vigilancia e atengdo a sadde no
ambito da Emergéncia de Sadde Publica
de Importincia Nacional. Brasilia, Brazil:
Biblioteca Virtual em Saude do Ministério
da Satde, 2017 (https://bvsms.saude.gov.br/
bvs/publicacoes/orientacoes_integradas
_vigilancia_atencao_emergencia_saude
_publica.pdf).

21. Ministério da Satide. Protocolo de

vigilancia e resposta a ocorréncia de mi-
crocefalia e/ou alteragGes do sistema ner-
voso central (SNC). 2nd ed. Brasilia, Brazil:
Biblioteca Virtual em Satide do Ministério
da Sadde, 2016 (https://pesquisa.bvsalud
.org/portal/resource/pt/lil-786728).

22. Austin PC. A tutorial on multilevel
survival analysis: methods, models and
applications. Int Stat Rev 2017;85:185-203.
23. Franga GVA, Schuler-Faccini L, Oliveira
WK, et al. Congenital Zika virus syn-
drome in Brazil: a case series of the first
1501 livebirths with complete investiga-
tion. Lancet 2016;388:891-7.

24. Smoots AN, Olson SM, Cragan], et al.
Population-based surveillance for birth de-
fects potentially related to Zika virus in-
fection — 22 states and territories, Janu-
ary 2016-June 2017. MMWR Morb Mortal
WKly Rep 2020;69:67-71.

25. Wheeler AC. Development of infants
with congenital Zika syndrome: what do
we know and what can we expect? Pediat-
rics 2018;141:Suppl 2:5154-5160.

26. Molndr Z, Kennedy S. Neurodevelop-
mental disorders: risks of Zika virus dur-
ing the first trimester of pregnancy. Nat
Rev Neurol 2016;12:315-6.

27. Carvalho-Sauer R, Costa MDCN, Bar-
reto FR, Teixeira MG. Congenital Zika
syndrome: prevalence of low birth weight
and associated factors. Bahia, 2015-2017.
IntJ Infect Dis 2019;82:44-50.

28. Brasil D, Pereira JP Jr, Moreira ME, et al.
Zika virus infection in pregnant women
in Rio de Janeiro. N Engl J Med 2016;375:
2321-34.

29. Cooper HJ, Iwamoto M, Lash M, et al.
Maternal Zika virus infection: association
with small-for-gestational-age neonates
and preterm birth. Obstet Gynecol 2019;
134:1197-204.

30. van der Linden H Jr, Carvalho MD, van
der Linden V, et al. Epilepsy profile in in-
fants with congenital Zika virus infection.
N Engl J Med 2018;379:891-2.

Copyright © 2022 Massachusetts Medical Society.

ARTICLE METRICS NOW AVAILABLE

Visit the article page at NEJM.org and click on Metrics to view comprehensive and
cumulative article metrics compiled from multiple sources, including Altmetrics.

NEJM.org/about-nejm/article-metrics.

N ENGL ) MED 386;8 NEJM.ORG

FEBRUARY 24, 2022

The New England Journal of Medicine
Downloaded from nejm.org on February 27, 2022. For personal use only. No other uses without permission.
Copyright © 2022 Massachusetts Medical Society. All rights reserved.

767



