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a b s t r a c t

To compare the incidence and outcomes of congenital and neonatal varicella in Australia in the pre-
vaccination (1995–1997) and post-vaccination era (after 2005 to November 2020), active prospective
national surveillance for congenital varicella syndrome (CVS) and neonatal varicella infection (NVI)
was conducted through the Australian Paediatric Surveillance Unit (APSU). Compared with 1995–1997,
there was a 91.5% reduction in the incidence of CVS and a 91.3% reduction in the incidence of NVI in
2009–2020. However, almost half of the mothers in 2009–2020 were born overseas and came from coun-
tries without a vaccination program. Although there has been a substantial and sustained decrease in the
reported incidence of CVS and NVI in Australia since 2006, congenital and neonatal varicella infections
persist. Thus, there is an opportunity for targeted screening of varicella in young migrant, asylum seeker
and refugee women at risk of varicella infection and prioritisation for vaccination to prevent CVS and NVI.
� 2023 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Maternal varicella-zoster virus (VZV) infection within the first
20 weeks of pregnancy can cause serious complications for the
mother and baby and may be associated with congenital varicella
syndrome (CVS) [1–3]. CVS can result in spontaneous abortion,
stillbirth, premature delivery, structural eye damage, neurological
abnormalities and characteristic skin lesions including cicatricial
lesions with a dermatomal distribution [4]. CVS may also present
as herpes zoster in the first 12 months of life. On the other hand,
neonatal varicella infection (NVI) may result from either intrauter-
ine or early postnatal VZV infection, and maternal varicella infec-
tion within five days before and two days after delivery is
associated with disseminated or more severe neonatal disease with
up to 20% mortality [5,6].

Data on the epidemiology of CVS and neonatal varicella infec-
tion in Australia have previously been collected in two studies con-
ducted by the Australian Paediatric Surveillance Unit (APSU). In the
first study (1995 to 1997), six cases of CVS were identified, with an
annual incidence of 0.8 per 100,000 live births per year for the
whole study period and an average of 2.3 cases per year [7]. That
study also identified 44 cases of NVI with an annual incidence of
5.8 per 100,000 live births per year and an average of 14.7 cases
per year.

Public funding in Australia for a live attenuated VZV vaccine
was made available by the National Immunisation Program (NIP)
in November 2005 [8]. The second APSU study (2006 to 2009) com-
menced following the recommendation that the VZV vaccine
should be given to all infants at 18 months of age and as a single
catch-up dose to children aged 10–13 years. The study identified
two cases of CVS with an annual incidence of 0.19 per 100,000 live
births, and 16 cases of NVI with an annual incidence of 2.05 per
100,000 live births [9]. There was a reduction in the annual inci-
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dence of both CVS and NVI during 2006–2009 compared with
1995–1997 [7], however, the reduction in CVS incidence was not
statistically significant.

The aim of the current study was to compare the incidence,
characteristics, and outcomes of congenital and neonatal varicella
in Australia between December 2009 and November 2020, with
similarly collected data from June 2006 to November 2009 and
the pre-vaccination era, 1995–1997.
2. Materials and methods

2.1. Surveillance timeframe and methodology

Active prospective national surveillance for CVS and NVI was
conducted between 1 December 2009 and 30 November 2020
using APSU surveillance methods as previously described [7,9]. A
monthly report card listing rare conditions of interest was sent
by email (95%) or post to an average of 1440 paediatricians and
other child health specialists who were registered with the APSU.
Clinicians were asked to report whether, or not, they had seen an
infant fulfilling diagnostic criteria for CVS or NVI in the previous
month. If a case was reported, clinicians were asked to complete
a de-identified case report form (CRF) that included detailed infor-
mation about demographics, varicella diagnosis, clinical character-
istics, treatment and short-term outcomes. Data from the CRF data
were entered directly online by clinicians into the secure REDCap
electronic data capture system [10,11], hosted by The University
of Sydney or manually into a paper form and subsequently entered
into REDCap by APSU staff. All CRFs were reviewed by study inves-
tigators with clinical expertise in varicella to confirm that case cri-
teria were met. All data were exported to Microsoft-Excel for
analysis.
2.2. Statistical analysis

Frequencies were calculated separately for CVS and NVI, and
annual incidence rates and 95% confidence intervals (CIs) were cal-
culated using a standard formula and expressed as per 100,00 live
births per year. Live birth numbers were obtained from the Aus-
tralian Institute of Health and Welfare [12] and the Australian
Bureau of Statistics [13]. Descriptive statistics and a generalised
linear model of Poisson distribution were computed to assess the
trend of incidence rates for three APSU surveillance periods
(1995–1997, 2006–2009 and 2009–2020) using RStudio, version
4.1.0 (Boston, MA, USA). An alpha level of significance of p < 0.05
was considered statistically significant.
2.3. Case definitions

Case definitions of CVS and NVI were as previously described
[7,9]. CVS was defined as any stillbirth, newborn infant, or child
up to the age of 2 years with definite or suspected CVS, with or
without birth defects, who fulfilled at least one of the following
criteria:

i) Cicatricial skin lesions in a dermatomal distribution and/or
pox-like skin scars and/or limb hypoplasia.

ii) Spontaneous abortion, termination, stillbirth or early death
following varicella infection during pregnancy, and varicella
confirmed by serology or detection of VZV or history of
maternal varicella or contact with varicella during
pregnancy.

iii) Development of herpes zoster in the first year of life.
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NVI was defined as neonatal varicella infection in any infant in
the first month of life, based on history (e.g. timing of maternal
infection), clinical findings (e.g. pox-like rash and fever) and/or lab-
oratory findings (e.g. VZV detection by culture or PCR, or IgM pos-
itive serology), but without features of CVS.

2.4. Ethics approval

Ethics approval for this study was obtained from the Sydney
Children’s Hospitals Network Human Research Ethics Committee
(HREC) (#2020/ETH03310).
3. Results

3.1. Representativeness of reporting clinicians and response rate

Between 1 December 2009 and 30 November 2020, the monthly
APSU report card was sent to an average of 1440 clinicians, with
92.3% of report cards returned. Clinicians worked in all Australian
states and territories, and in urban, regional and remote areas.

3.2. Congenital varicella syndrome

During the surveillance period (1 December 2009–30 November
2020), there were five notifications of CVS reported to the APSU
with three case report forms completed and returned. Of these
three reports, two children reported in 2017 and 2020, were con-
firmed as cases and one was classified as an error (outside the case
definition).

The demographic and clinical characteristics of the two con-
firmed CVS cases have been previously described [14,15]. One of
the mothers was born overseas in a country without a universal
VZV vaccination program (Malaysia) and the other mother was
an Aboriginal Australian.

The overall incidence estimate of CVS during the period Decem-
ber 2009-November 2020 was 0.07 per 100,000 live births (95%
confidence interval (CI): 0.01–0.23), compared with the overall
incidence estimates previously observed by us during 2006–2009
(0.19 per 100,000 live births, 95% CI: 0.0–0.7) [9] and in the pre-
vaccination era 1995–1997 (0.8 per 100,000 live births, 95% CI:
0.3–1.8) [7], although this was not statistically significant
(p = 0.15) (Fig. 1). Trend analysis showed there was a 91.5%
decrease in the incidence of CVS during the study period compared
with 1995–1997, with the number of cases declining from six in
the first three years of surveillance (1995–1997) to two in the lat-
ter eleven years (late 2009–2020) (Fig. 1).

3.2. Neonatal varicella infection

During the surveillance period, the APSU received 20 notifica-
tions of NVI, 15 of which had a CRF completed and returned. All
15 notifications with clinical data provided were confirmed as
cases. Characteristics of infants are presented in Table 1. All infants
with NVI were Australian-born. Country of birth data were only
available for seven of 15 mothers, of whom six were born overseas
in countries without universal VZV vaccination programs, includ-
ing China, Ethiopia, India and Zimbabwe.

The overall incidence estimate of NVI between November 2009-
November 2020 was 0.49 (95% CI 0.3–0.8) per 100,000 live births
per year, which was significantly lower (p < 0.001) than the 2.1
per 100,000 live births per year reported in 2006–2009 [9] and
the 5.7 per 100,000 live births per year in 1995–1997 [7] (Fig. 2).
Trend analysis showed there was a 91.3% decrease in incidence
of NVI during the study period compared with 1995–1997, with



Fig. 1. Graph showing annual incidence rates and trend line of Congenital Varicella Syndrome (CVS) obtained via Australian Paediatric Surveillance Unit (APSU) surveillance
in Australia between 1995 and 2020; p = 0.146. A: Varicella vaccines were not available before 1999 [4]; B: Varicella vaccination has been incorporated in the National
Immunisation Program since November 2005 [8]; X: APSU surveillance was not conducted between 1997 and 2005 so data were therefore not available.

Table 1
Characteristics of infants with neonatal varicella infection (NVI) in Australia,
December 2009- November 2020.

Characteristics Descriptive values

Female Sex (%, n/N) 50% (n = 7/14)
Onset of illness (age in days), median 27
Birth weight (in grams), mean (range) 3135; (2580–3690)
Gestational age at birth (in weeks), mean

(range)
39; (37–41)

Duration of illness (in days), mean (range) 5; (1–10)
Hospitalised (%, n/N) 93% (n = 13/14)
ICU admission (%, n/N) 8% (n = 1/13)
Received antiviral treatment (%, n/N) 93% (n = 13/14)
Received Zoster immune Globulin (%, n/N) 15% (n = 2/13)
History of varicella exposure (%, n/N) 86% (n = 12/14, all postnatal)
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the number of cases declining from 44 in the first three years of
surveillance (1995–1997) to 15 in the latter eleven years (late
2009–2020 (Fig. 2).

Maternal country of birth data were not available for the 1995–
1997 surveillance period, however 7/17 (41%) infants with either
CVS or NVI had mothers known to have been born in countries
without universal VZV vaccination programs. The proportion of
overseas-born mothers with VZV infected newborns increased
between the 2006–2009 and 2009–2020 surveillance periods, from
36% to 41%, Odds ratio 2.4, 95% CI 0.44–3.55).

Our combined data for the 2009–2020 surveillance period
showed that only two infants with NVI had received prophylaxis
with Zoster immune globulin (ZIG).
4. Discussion

This study revealed a substantial and sustained reduction of
more than 90% in the incidence of CVS and NVI between late
2009 and 2020. In our previous study (2006–2009) [9], we
observed 100% and over 85% reductions in the incidence of CVS
and NVI in 2008–2009 compared with 1995–1999 and 2005–
2006, respectively. Our previous data showed that the fully-
funded VZV vaccine administered under the Australian National
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Immunisation Program (NIP) for all children aged 18 months, with
a catch-up program for adolescents, most likely contributed to the
significant reductions in rates of CVS and NVI [9]. While the further
reduction in the incidence of NVI in our current study was most
likely due to the effects of ongoing VZV vaccination in the commu-
nity, a further reduction in CVS incidence was less clear. Similar to
our current findings, Chaves et al. [16] reported an almost 90%
reduction in the incidence of varicella disease in infants
aged < 12 months in the USA in the decade following the introduc-
tion of a universal vaccination program for older children. Our
study demonstrates the long-term impact of universal VZV vacci-
nation in Australia in reducing the incidence of both standard
childhood varicella infection and NVI and improving the outcomes
of both NVI and CVS in younger children (aged < 18 months) who
are not yet eligible for VZV vaccination.

Although CVS and NVI are extremely uncommon in Australia,
some high-risk cohorts require consideration. Gidding et al. [17]
has demonstrated in serosurveys that up to 10% of Australian
women of childbearing age (15–44 years) remain susceptible to
varicella infection. To prevent CVS and NVI, women of child-
bearing age without a history of varicella infection should be vac-
cinated [7]. An important finding from our study is that at least 41%
of mothers of infected infants were born overseas in countries with
no VZV vaccination program. Thus, there is opportunity to further
reduce rates of maternal VZV infection and therefore CVS and NVI
through public health and education programs. Furthermore, the
current recommendations for health screening of Australian immi-
grants (including asylum seekers and refugees) for tuberculosis,
hepatitis B, hepatitis C, human immunodeficiency virus (HIV) and
syphilis upon arrival to Australia [18] should be amended to
include screening for past varicella infection, so that at-risk indi-
viduals who have not been previously exposed can be targeted
and prioritised for VZV vaccination.

Treatment with ZIG is recommended as soon as possible after
exposure to protect against congenital varicella and severe mater-
nal varicella [1,3]. In our current study only two infants with NVI
receiving ZIG, raising concern not only in vaccination coverage
but potential missed opportunities to treat with ZIG.



Fig. 2. Graph showing annual incidence rates and trend line of Neonatal Varicella Infection (NVI) obtained via Australian Paediatric Surveillance Unit (APSU) surveillance in
Australia between 1995 and 2020; p=<0.001. A: Varicella vaccines were not available before 1999 [4]; B: Varicella vaccination has been incorporated in the National
Immunisation Program since November 2005 [8]; X: APSU data between 1997 and 2005 were not available.
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Limitations of this study include: that only cases that came to
the attention of a paediatrician were included, so cases that
resulted in the termination of a pregnancy or stillbirth and seen
only by and obstetrician/gynaecologist may have been missed.
Thus the calculated incidence may be therefore be an underesti-
mate of the true incidence. For five (26%) notified cases of probable
neonatal varicella (one in 2010, two in 2011, one in 2012 and one
in 2013) a case report form was not returned and therefore infec-
tion could not be confirmed. However, the proportion of possible
cases with missing data is similar to the earlier APSU studies on
varicella conducted in Australia [9]. Additionally, we have no inci-
dence estimates between 1998 and 2005 as no APSU surveillance
was conducted during this period.
5. Conclusions

The introduction of government-funded varicella vaccination
programs have the potential to substantially reduce or eliminate
the occurrence of congenital and neonatal varicella in the commu-
nity. Targeted screening for varicella immunity should be consid-
ered in all young migrant, asylum seeking and refugee women
entering Australia, who are at risk of varicella infection, especially
those of childbearing age. Vaccination of non-immune women
should then be prioritised to prevent transmission of varicella
infection to their unborn and newborn children.
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Data will be made available on request.
Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.
4

Acknowledgements

We acknowledge the sustained contribution of Australian paedia-
tricians and child health professionals who contribute to surveil-
lance studies conducted by the APSU and give particular thanks
to those who reported cases of congenital and neonatal varicella
infection. We acknowledge the Australian Paediatric Surveillance
Unit (APSU) staff who managed case notifications and data, includ-
ing Dr Carlos Nunez, Ms Dannielle Handel, Dr Marie Deverell and
Ms Amy Phu. The APSU is supported in kind by the Royal Australa-
sian College of Physicians (Paediatrics and Child Health Division),
University of Sydney’s Faculty of Medicine and Health and Kids
Research, Sydney Children’s Hospitals Network (Westmead).
Funding

APSU receives funding for work on infectious diseases from the
Australian Government Department of Health. EE is supported by
an Australian Government Medical Research Futures Fund Next
Generation Fellowship (#1135959). GK is supported by a National
Health and Medical Research Council of Australia Investigator’s
Grant (#2009873).
Research Data

The research data can be accessed by contacting the corre-
sponding author.

References

[1] Enders G, Miller E, Cradock-Watson J, Bolley I, Ridehalgh M. Consequences of
varicella and herpes zoster in pregnancy: prospective study of 1739 cases.
Lancet 1994;343(8912):1548–51.

[2] Koren G. Congenital varicella syndrome in the third trimester. Lancet 2005;366
(9497):1591–2.

[3] Nanthakumar MP, Sood A, Ahmed M, Gupta J. Varicella Zoster in pregnancy.
Eur J Obstet Gynecol Reprod Biol 2021;258:283–7.

http://refhub.elsevier.com/S2590-1362(23)00019-0/h0005
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0005
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0005
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0010
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0010
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0015
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0015


J. Walker, S. Teutsch, A. Morris et al. Vaccine: X 13 (2023) 100278
[4] Macartney KK, Beutels P, McIntyre P, Burgess MA. Varicella vaccination in
Australia. J Paediatr Child Health 2005;41(11):544–52.

[5] Meyers JD. Congenital varicella in term infants: risk reconsidered. J Infect Dis
1974;129(2):215–7.

[6] Sauerbrei A, Wutzler P. Neonatal varicella. J Perinatol 2001;21(8):545–9.
[7] Forrest J, Mego S, Burgess M. Congenital and neonatal varicella in Australia. J

Paediatr Child Health 2000;36(2):108–13.
[8] National Centre for Immunisation Research and Surveillance. Significant

events in varicella vaccination practice in Australia. 2018;1.
[9] Khandaker G, Marshall H, Peadon E, Zurynski Y, Burgner D, Buttery J, et al.

Congenital and neonatal varicella: impact of the national varicella vaccination
programme in Australia. Arch Dis Child 2011;96(5):453–6.

[10] Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research
electronic data capture (REDCap)—a metadata-driven methodology and
workflow process for providing translational research informatics support. J
Biomed Inform 2009;42(2):377–81.

[11] Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’Neal L, et al. The
REDCap consortium: Building an international community of software
platform partners. J Biomed Inform 2019;95:103208.
5

[12] Australian Institute of Health and Welfare 2019. Australia’s children. Cat. no.
CWS 69. Canberra: AIHW. https://www.aihw.gov.au/reports/children-youth/
australias- children.

[13] Australian Bureau of Statistics. 31010do002_202009 National, state and
territory population. Sep 2020.

[14] Teutsch S, Zurynski Y, Elliott E. chief investigators of APSU surveillance studies.
Australian Paediatric Surveillance Unit Annual Report, 2017. Commun Dis
Intell 2018;2018:42.

[15] Teutsch SM, Nunez CA, Morris A, Eslick GD, Khandaker G, Berkhout A, et al.
Australian Paediatric Surveillance Unit (APSU) Annual Surveillance Report
2020. Commun Dis Intell 2018;2021:45.

[16] Chaves SS, Lopez AS, Watson TL, Civen R, Watson B, Mascola L, et al. Varicella
in infants after implementation of the US varicella vaccination program.
Pediatrics 2011;128(6):1071–7.

[17] Gidding HF, MacIntyre CR, Burgess MA, Gilbert GL. The seroepidemiology and
transmission dynamics of varicella in Australia. Epidemiol Infect 2003;131
(3):1085–9.

[18] Australian Government Department of Home Affairs Immigration and
Citizenship. (https://immi.homeaffairs.gov.au).

http://refhub.elsevier.com/S2590-1362(23)00019-0/h0020
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0020
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0025
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0025
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0030
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0035
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0035
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0045
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0045
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0045
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0050
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0050
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0050
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0050
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0055
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0055
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0055
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0070
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0070
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0070
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0075
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0075
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0075
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0080
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0080
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0080
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0085
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0085
http://refhub.elsevier.com/S2590-1362(23)00019-0/h0085

	Active prospective national surveillance for congenital and neonatal varicella in Australia shows potential prevention opportunities
	1 Introduction
	2 Materials and methods
	2.1 Surveillance timeframe and methodology
	2.2 Statistical analysis
	2.3 Case definitions
	2.4 Ethics approval

	3 Results
	3.1 Representativeness of reporting clinicians and response rate
	3.2 Congenital varicella syndrome
	3.2 Neonatal varicella infection

	4 Discussion
	5 Conclusions
	Declaration of Competing Interest
	ack15
	Acknowledgements
	Funding
	Research Data
	References


