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Dear Editor,

Zika virus (ZIKV) was first recognized as a human teratogen in 2016 (Rasmussen,
Jamieson, Honein, & Petersen, 2016). During the ZIKV outbreak in the Americas, we
launched rapid surveillance of pregnancies with laboratory evidence of ZIKV infection and
targeted surveillance of birth defects. Because little was known about the birth defects
associated with congenital ZIKV infection, a broad case definition was used for surveillance
of birth defects potentially related to ZIKV based on early reports of congenital ZIKV
infection in the literature and expert opinion. The initial case definition included
microcephaly and/or brain abnormalities, neural tube defects (NTDs) and other early brain
malformations (e.g., holoprosencephaly), eye abnormalities, and consequences of central
nervous system (CNS) dysfunction such as arthrogryposis and hearing loss (Honein et al.,
2017). The baseline prevalence of these defects in the United States prior to the ZIKV
outbreak was estimated as 2.86 per 1,000 live births (95% CI: 2.65-3.07) using data from
statewide birth defects surveillance programs in Massachusetts and North Carolina in 2013
and from three counties in metropolitan Atlanta, Georgia, during 2013-2014 (Cragan et al.,
2017).
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For newly identified teratogens, case definitions often evolve over time. Based on new data,
we now propose changes to the current case definition involving NTDs and other early brain
malformations and consequences of CNS dysfunction. Accumulating evidence from
surveillance of infants and fetuses born to mothers with laboratory evidence of ZIKV
infection suggests that NTDs and other early brain malformations are not associated with
ZIKV infection during pregnancy. For example, the prevalence of NTDs did not increase
significantly during the ZIKV outbreak compared to before the outbreak (Delaney et al.,
2018; Hurtado-Villa et al., 2017). In addition, in infants born to mothers with laboratory
evidence of ZIKV infection during pregnancy, arthrogryposis was only noted in infants with
structural brain abnormalities when imaging was available. This abnormality is therefore
more appropriately classified with other neurodevelopmental sequelae, such as seizures and
developmental delay. Moreover, many birth defects surveillance programs do not ascertain
hearing loss not associated with an ear malformation making under-ascertainment likely. For
these reasons, we have updated the baseline estimates of birth defects potentially related to
congenital ZIKV infection prior to the outbreak to include only microcephaly and/or brain
abnormalities and eye abnormalities.

Cases included in the original baseline prevalence estimates of birth defects potentially
related to congenital ZIKV infection were re-reviewed and categorized by expert clinicians
to remove those with NTDs and other early brain malformations or CNS dysfunction with
no other qualifying defects. Methods for calculating prevalence estimates have been
previously reported (Cragan et al., 2017). The report on the follow-up of infants at least one-
year-old with laboratory evidence of possible ZIKV infection during pregnancy in the U.S.
territories and freely associated states followed this updated case definition with
microcephaly, brain abnormalities, and eye abnormalities classified as Zika-associated birth
defects, and other specific outcomes (hearing abnormalities, congenital contractures,
seizures, body tone abnormalities, movement abnormalities, swallowing abnormalities,
possible developmental delay, possible visual impairment, and postnatal onset microcephaly)
classified as neurodevelopmental abnormalities potentially linked to Zika (Rice et al., 2018).

From the original baseline population in 2013-2014, 747 infants/fetuses met the initial broad
surveillance case definition; 229 with NTDs or other early brain malformations and 45 with
CNS dysfunction have been excluded. The revised baseline prevalence of 1.81 infants/
fetuses per 1,000 live births (95% CI: 1.65-1.98) comprised 473 infants/fetuses with
microcephaly and/or brain abnormalities or with eye abnormalities (Table 1). In comparison,
among infants at least 1 year of age in the U.S. territories and freely associated states born to
mothers with laboratory evidence of ZIKV infection during pregnancy, an estimated 6% (or
60 infants per 1,000 live births) had a Zika-associated brain or eye defect (Rice et al., 2018).
This suggests over a 30-fold increase in Zika-associated brain or eye defects compared to
our updated baseline prevalence estimate prior to the ZIKV outbreak. Prospective
surveillance systems continue to follow-up live born infants born to mothers with laboratory
evidence of ZIKV infection to enable the evaluation of neurodevelopmental abnormalities.

Our analysis provides an updated baseline prevalence estimate of birth defects potentially
related to ZIKV infection during pregnancy based on knowledge accumulated since the
beginning of the ZIKV outbreak in the Americas. Programs monitoring ZIKV infections in

Birth Defects Res. Author manuscript; available in PMC 2021 August 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Olson et al. Page 3

mothers and infants can use the updated baseline prevalence estimate to better understand
the impact of ZIKV in their own populations.

ACKNOWLEDGMENTS

The authors thank Dana Meaney-Delman, MD, Centers for Disease Control and Prevention; the Metropolitan
Atlanta Congenital Defects Program, Centers for Disease Control and Prevention; the Center for Birth Defects
Research and Prevention, Massachusetts Department of Public Health; and the Birth Defects Monitoring Program,
North Carolina Department of Health and Human Services.

REFERENCES

Cragan JD, Mai CT, Petersen EE, Liberman RF, Forestieri NE, Stevens AC, ... Honein MA (2017).
Baseline prevalence of birth defects associated with congenital Zika virus infection—
Massachusetts, North Carolina, and Atlanta, Georgia, 2013-2014. MMWR Morbidity and Mortality
Weekly Report, 66, 219-222. 10.15585/mmwr.mm6608a4 [PubMed: 28253231]

Delaney A, Mai C, Smoots A, Cragan J, Ellington S, Langlois P, ... Honein MA (2018). Population-
based surveillance of birth defects potentially related to Zika virus infection—15 states and U.S.
territories, 2016. MMWR Morbidity and Mortality Weekly Report, 67, 91-96. 10.15585/
mmwr.mm6703a2 [PubMed: 29370151]

Honein MA, Dawson AL, Petersen EE, Jones AM, Lee EH, Yazdy MM, ... Jamieson DJ (2017). Birth
defects among fetuses and infants of US women with evidence of possible Zika virus infection
during pregnancy. The Journal of the American Medical Association, 317, 59-68. 10.1001/
jama.2016.19006 [PubMed: 27960197]

Hurtado-Villa P, Puerto AK, Victoria S, Gracia G, Guasmayan L, Arce P, ... Zarante I. (2017). Raised
frequency of microcephaly related to Zika virus infection in two birth defect surveillance systems in
Bogota and Cali, Colombia. The Pediatric Infectious Disease Journal, 36(10), 1017-1019. 10.1097/
INF.0000000000001670 [PubMed: 28914749]

Rasmussen SA, Jamieson DJ, Honein MA, & Petersen LR (2016). Zika virus and birth defects—
Reviewing the evidence for causality. The New England Journal of Medicine, 374, 1981-1987.
10.1056/NEJMsr1604338 [PubMed: 27074377]

Rice ME, Galang RR, Roth NM, Ellington SR, Moore CA, Valencia-Prado M, ... Honein MA (2018).
Vital Signs: Zika-associated birth defects and neurodevelopmental abnormalities possibly associated
with congenital Zika virus infection: U.S. territories and freely associated states, 2018. MMWR
Morbidity and Mortality Weekly Report, 67(31), 858-867. 10.15585/mmwr.mm6731el [PubMed:
30091967]

Birth Defects Res. Author manuscript; available in PMC 2021 August 03.



Page 4

Olson et al.

2161099 ‘BJURIY UeN|0doJ1aW pue SNasNyoesSse|Al Wolj Sased 99z o) d|qe|ienr AJuo a1am eleq "PpJodal [BIIPaW aU} Ul Palou 1si1 sem 10ayap Buikpifenb e uaym abe 1saljies ay ._.h

i)
0GE> pue s¥aam Qz> e sasso| AoueuBald snosurjuods ‘spasnyoessel Ul ‘pue abe [euoneisab Aue Je uoiewlojjew e Jo sisoufelp [ereusid Jalye SUOITRUILLIB) dAIIIR]9 ‘UOIRISaR SY9am g SyuIqIns mmu:_oc_u
"629'T9Z = SeaJe 9.y} ayy Joy uonendod yuig anl| [e10L “(¥T0Z—-€T0Z) e161099 ‘eluepy Ueljodosisw Ul Sa13UN0d 8aiy} pue ‘(£T0Z) euljosed YHoN ‘(ET0Z) SHasnyaesse Wwolj Smn_Q

‘Alewloude ureiq e J0 UOIUSW INOYIM Sanijewuloude a4s (q) pue ‘sanijewloude urelq Jojpue (abe feuonelsab pue
X3S 10} 9|Iusdlad pie> AJaAI[ap 1e 80UBIaJWINDIIY peay pue Ajeydadoidiw Jo sisoubelp [edlul]d e se paulyap) Ajeydasosdiw () :sariofayed 10ajap aAIsn|oxa Ajfeninw oMy ojul parehaifibe alam suodal mmmom

(6) €2 (s 8 (1) st sypuow 92
(et e (9) ot SypuOW 9> 01 SLUOW £
(6) ez (81) 0T (9 er sypuow g> 0} skep 6z
(e€) 28 (¥5) 62 (£2) 85 A1anijap 4o shep gzs
(sp) ozt (VAR7 (sg) 911 Alrereuaid

hq&mt SeM 198J8p YLIq b 1salleT

(€g) 11T (0e) ve (z2) L8 Geg
(2¥) oze (9) e (sv) 8LT v€-G2
(0g) 2vT (81) ST (ze) LeT Ge>
(s.188/) A1anijap Je abe [euisiepy

(1>)e Mt (1>)1 =
(€9) 66¢ (69) 95 (z9) eve L€
(12) 86 (z2) 81 (02) 08 9g-2¢
(9m) vL (o9 (1) 89 ze>

(s)189m) A18/113p 1B 9B [BLO0IIEISID)

(6) v 0 an sy 5501 Aoueubaid

(16) ogY (o01) 18 (68) 6 yuIg 8AI
awoano Aaueubaid
(86'1-59'T) 18T (88'0-52°0) T€0 (S9T-SET) 05T (1D 956) Syq anl] 000'T 49 S1aapap Yim Sasnay/siuequl
€Ly 18 Z6€ Sasnjay 1o Sjuejul Jo “oN
(96)saseo le101  (9p) S9nfew Joude ureid INoylmsanifew ouqealky  (9%)Salllfewjoude ureiq Jo/pue Afeydaso ol N aIs1eIR FeyD

Qvﬂomlmﬂom ‘2161099 ‘elUR)IYY pUR ‘BUI[OJRD YLION ‘SN9SNYIBSSRIN—SIIIS1Ia1oRIRYD

P8108[as Aq ‘uonoR4UI SNIIA B1Z 03 patelai Ajfenusiod sanifewlouge 84s pue ssiifewIouGe urelq J0/pue AJeydaooiolw Jo souslensid suljeseq

T3149vL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Birth Defects Res. Author manuscript; available in PMC 2021 August 03.



	Dear Editor,
	References
	TABLE 1

