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Ab s t r Ac t
Varicella–zoster virus (VZV) is a human pathogen of the α-herpesvirus family. Some fetuses infected in utero around 8–20 weeks of pregnancy 
show signs of congenital varicella syndrome (CVS). Infants born to mothers who develop varicella within 5 days before and 2 days after 
delivery can experience severe disease with increased mortality. The best diagnostic modality is polymerase chain reaction (PCR), which can be 
done using vesicular swabs or scrapings, scabs from crusted lesions, tissue from biopsy samples, and cerebrospinal fluid. The prevention and 
management of varicella infections include vaccination, anti-VZV immunoglobulin, and specific antiviral drugs. In this article, we have reviewed 
the characteristics of VZV, clinical manifestations, management of perinatal infections, and short- and long-term prognosis.
Keywords: Congenital varicella syndrome, Herpes zoster, Neonatal varicella, Postexposure prophylaxis, Varicella–zoster virus, Vesicular rash, 
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In t r o d u c t I o n
The VZV, an α-herpes virus, is an exclusively human pathogen.1 
There is no animal reservoir, and so all transmission occurs from 
infected patients to other susceptible subjects. The primary cellular 
targets are epithelial cells, T-lymphocytes, and ganglion cells. In 
neonates, the initial infection in the upper respiratory epithelial cells 
is followed by viremia. These circulating viruses will disseminate to 
diverse locations in the skin and after an incubation period of 10–21 
days, a vesicular rash develops Figure 1A shows the surface and side 
dissection of VZV, and its cross-section is shown in Figure 1B.2 Some 
of these circulating virions enter axon terminals in sensory neurons 
and reach the nerve cell bodies in ganglia through retrograde 
transport, where these establish a latent infection.3 The skin 
lesions contain high viral concentrations that can be transmitted 
to susceptible individuals.4

Ep I d E m I o lo g y
Neonatal varicella is most often acquired from maternal infections 
occurring during the last 3 weeks of pregnancy.5 Nosocomial 
acquisition of VZV can also occur in newborn infants.
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Figs 1A and B: Schematic diagrams showing (A) Surface and side dissection and (B) Cross-section of the varicella–zoster virus
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The incidence of varicella has been estimated to be 0.1–0.7/ 
1,000 pregnancies.6 VZV infections show age-related, seasonal, 
and geographic variations. The seasonality is most noticeable in 
temperate climates, peaking in late winter or spring. Infections are 
seen most frequently in pre-school (1–4 years) or early elementary 
school-aged (5–9 years) children; the annual incidence reached 
100 per 1,000 children prior to the implementation of the varicella 
vaccination program. In tropical climates, the virus is usually 
acquired at later ages.7 Skin cells shed during acute infections are 
probably the major source of the infectious airborne virus. Infected 
children without skin lesions are not contagious to others.

VI r A l st r u c t u r E
The VZV is an α-herpesvirus with a double-stranded DNS (dsDNA) 
genome encased in an icosahedral capsid measuring approximately 
125 nm in diameter.1 The capsid is comprised of particles in A-, B-, 
and C- maturational states. The A-particles are empty protein shells 
formed during abortive DNA packaging, B- contain a proteinaceous 
core of scaffold proteins, and C- are matured particles containing 
a DNA genome.8 The nucleocapsid is surrounded by a trilaminar 
lipoprotein envelope derived from the nuclear membrane of 
the infected host cell. The enveloped particle is spherical to 
pleomorphic in shape, about 180–200-nm diameter. Projecting 
from the lipid envelope are about 8-nm long viral glycoprotein 
spikes that bind specific host receptors to facilitate virus entry.9 
In mature virus particles, an amorphous proteinaceous layer, 
the tegument, is seen covering the capsid and underneath the 
lipid envelope.10 The tegument consists of enzymes such as VP16 
(described below) which recruits cellular proteins and enzymes into 
viral nucleic acid replication and the synthesis of the VHS (virion host 
shutoff) protein which shuts off the synthesis of host cell proteins 
in the cytoplasm. Detailed information is available for some of the 
viral components (Table 1).8–15

We do not have a consensus nomenclature for viral strains. 
Most studies use one of the four classification systems, but these 
seemingly similar nomenclature schemes do not correlate between 
methods.

• Whole genome sequence/phylogenetic analyses have identified 
22 strains of VZV.16 Some strains are seen more frequently, such 
as the European strains E1 and E2; the Japanese strain J; the 
Eastern Australian strains E1 and E2; and the mosaics M1 and 
M2.17 Single nucleotide polymorphism (SNP) analysis of whole-
genome alignments shows two patterns of variation, one in the 
open reading frame 22 (ORF22), and the other involving ORF21 
and ORF50. 

Variations in the ORF22 are particularly notable in various strains of 
VZV. Initial attempts identified the following three major genotypes: 
A, B, and C; strains A in parts of Africa and Asia, genotypes B and C 
were found primarily in Europe, and genotype J was subsequently 
added to accommodate Japanese strains.18,19 Genotype B strains 
were presumed to have arisen from recombination between types 
A and C viruses. The M group were mosaics, and these strains were 
later subdivided into distinct M1 and M2 (and possibly M3 and M4) 
genotypes.

The reasons for the geographic diversity of infections among 
VZV strains are unclear; climatic factors and immigration patterns 
may be involved. A study in 18 European countries that included 
342 clinical specimens showed E1 in 221 (65%); E2 in 87 (25%); M1 
in 20 (6%); M2 in 3 (1%); and M4 in 11 (3%). No M3 or J strains were 

observed.20 The strain diversity may be broader in eastern parts 
of Australia than in Europe, Africa, and North America. Similarly, 
Japanese strains may differ considerably from those seen in the 
United States of America (USA), United Kingdom (UK), Europe, 
and eastern Australia isolates. Isolates from tropical Africa, India, 
Bangladesh, China, Central America, and northern Australia also 
seem to be distinct.21

• Genome sequences of the five glycoprotein genes (gH, gI, gL, 
gB, and gE) and the major transactivator gene that encodes for 
the immediate-early protein 62 (IE62) have identified three sub-
categories, designated A, B, and C.22

• Linear VZV genomes were differentiated based on the packing 
proteins that form the icosahedral nucleocapsid core, namely, 
that orf20, orf21, orf23, orf33, orf38, orf40, orf41 and orf54.23

• Finally, in a study using complete genome sequence information, 
VZV was segregated into the following four genotypes: A, B, C, 
and D. The VZV strains circulating in Japan, Iceland, and The 
Netherlands have similarities, whereas genotypes circulating 
in different regions of the US, Thailand, Singapore, and Japan 
were diverse. This approach defined four distinct genotypes that 
were also arbitrarily designated A, B, C, and D. Viral isolates from 
Singapore and Japan were labeled as genotypes B and C, and 
those from Western Europe and the US as genotypes A and D.16

cl I n I c A l pr E s E n tAt I o n s

Intrauterine VZV Infection
Infection of the fetus following maternal varicella during the 
first and the early second trimester can occasionally lead to 
fetal death or varicella embryopathy that can include cutaneous 
scarring, limb hypoplasia, eye and central nervous system (CNS) 
abnormalities (CVS).24,25 Severe CVS with extensive skin lesions 
and multisystem disease is shown in Figure 2A and perinatal CVS 
is shown in Figure 2B.Also shown are postnatal varicella with mild 
(Fig. 2C) and limited (Fig. 2D) cutaneous lesions.

In 1947, CVS was first described by Laforet and Lynch.24 The 
frequency of CVS is very low (0.4%).26 When the maternal infection 
occurs between 8 and 20 weeks of gestation, CVS is seen in 
approximately 2% of fetuses.27 Although it is thought that maternal 
viremia in primary maternal varicella infections leads to placental 
infection and subsequent fetal infection, it is also possible that 
reactivation of VZV in utero can lead to CVS.28

The clinical features of CVS in affected infants include the 
following: 

• Intrauterine growth restriction;
• Cicatricial (scarring) skin lesions, which may show localized 

depression and pigmentation in a dermatomal distribution;
• Ocular defects, such as cataracts, chorioretinitis, Horner 

syndrome, microphthalmos, and nystagmus; 
• Limb abnormalities, such as localized hypoplasia of bone and 

muscle; and 
• The CNS abnormalities, such as cortical atrophy, seizures, and 

intellectual disability.

Acute and recurrent VZV infections are frequently accompanied 
by robust innate and acquired immune responses. Innate immune 
cells in skin and ganglion secrete type I interferon (IFN-I) and 
proinflammatory cytokines to control VZV. In the postneonatal 
period, VZV infections subvert the pattern recognition receptor 
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Table 1: We have used a standardized table developed to describe viral pathogens. Major structural components of enteroviruses have been listed

Structure Available information

Lipid envelope A trilaminar lipoprotein envelope derived from the nuclear membrane of the infected host cell covers the 
nucleocapsid.9 

Glycoproteins About 8 nm long viral glycoprotein spikes project from the lipid envelope; bind specific host receptors to 
facilitate virus entry.9

Receptor binding motifs Involved in virion attachment to cell surface receptors. Motif binds integrins to promote entry into the 
cells.11 

Envelope protein A trilaminar lipoprotein envelope containing envelope proteins (as mentioned above).9

Membrane protein Either not expressed or relevance unclear in fetal/infantile disease. 
MHC or HLA Proteins During primary VZV infection, both MHC I-restricted, CD8+ T lymphocytes and MHC II-restricted, CD4+ T 

lymphocytes are sensitized to VZV antigens.12

Spike protein About 8 nm long viral glycoprotein spikes project from the lipid envelope; bind specific host receptors to 
facilitate virus entry.9

Surface tubules Either not expressed or relevance unclear in fetal/infantile disease. 
Palisade layer Either not expressed or relevance unclear in fetal/infantile disease. 
Viral tegument In mature virus particles, an amorphous proteinaceous layer, the tegument, is seen covering the capsid 

and is underneath the lipid envelope.10 The tegument consists of enzymes such as VP16 (described below), 
which recruits cellular proteins and enzymes into viral nucleic acid replication and in the synthesis of the 
VHS (virion host shutoff) protein that shuts off the synthesis of host cell proteins in the cytoplasm. 

Lateral bodies Either not expressed or relevance unclear in fetal/infantile disease. 
Capsid The capsid is comprised of particles in A-, B-, and C- maturational states. A-particles are empty protein 

shells formed during abortive DNA packaging, B- contain a proteinaceous core of scaffold proteins, and 
the C- are matured particles containing a DNA genome.8

Capsomeres VZV open reading frame 23 (ORF23) encodes a conserved capsid protein, referred to as VP26 (UL35).8

Core membrane Either not expressed or relevance unclear in fetal/infantile disease. 
Protein core Details on genome-associated polyprotein described below.
Core fibrils Either not expressed or relevance unclear in fetal/infantile disease. 
Matrix Virions penetrating the cell surface get uncoated and the viral genome functions as mRNA for the viral 

polyprotein.9

Enzymes Details scant. Alter the expression of host enzymes.14 
RNA elements No RNA genome exists.
Nucleus Either not expressed or relevance unclear in fetal/infantile disease. 
Nucleosome Either not expressed or relevance unclear in fetal/infantile disease. 
DNA Double-stranded DNA genome exists.8

RNA No RNA genome exists.
Genome-associated polyprotein Either not expressed or relevance unclear in fetal/infantile disease. 
DNA polymerase VZV induces a DNA polymerase similar to that seen in other herpesviruses. Functions as a replicase for 

viral DNA synthesis in infected cells.15 
Reverse transcriptase Either not expressed or relevance unclear in fetal/infantile disease. 
Head Either not expressed or relevance unclear in fetal/infantile disease. 
Base plate Either not expressed or relevance unclear in fetal/infantile disease. 
Integrase Either not expressed or relevance unclear in fetal/infantile disease. 
Tail Either not expressed or relevance unclear in fetal/infantile disease. 
Tail fiber Either not expressed or relevance unclear in fetal/infantile disease. 
Neck Either not expressed or relevance unclear in fetal/infantile disease. 

HLA, human leukocyte antigen; MHC, major histocompatibility complex

sensing to modulate antigen presentation and IFN-I production. 
During primary infections, VZV can promote the accumulation of 
T-cells in skin lesions and consequent retrograde movement into 
the axons and ganglia. T- and B-cell memory formed within a few 
weeks of infection is boosted by reactivation or re-exposure.26 
We could not find a strain-based propensity for varicella viruses 
affecting pregnant women.

Diagnosis of CVS
The clinical manifestations of CVS are enumerated in Table 2.29 The 
diagnostic criteria for CVS are shown in Table 3.30–32

Neonatal Varicella 
The appearance of symptoms within the first 10 days after life 
most likely indicates a prenatal infection because of the 10–20 
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exposed to high viral loads but have not had the opportunity to 
acquire maternal protective antibodies. Between 20 and 50% of 
these infants develop the life-threatening disseminated disease 
between postnatal days 5–10 and unless treated aggressively, can 
have case–fatality rates of up to 20%. Nosocomial acquisition of VZV 
also can occur. Newborns born to mothers who are exposed to VZV 
or have clinical disease manifestations within the first 2 weeks after 
birth are at the highest risk of developing symptomatic disease.

Symptoms appearing after postnatal day 13 are more likely to be 
due to postnatal acquisition of the virus. Although most infants with 
neonatal varicella have mild disease, some can develop a serious 
illness with a mortality rate of up to 30%.34,35 However, postnatally 
acquired varicella that occurs between 10 and 28 days after birth 
usually causes mild disease.36

The immunological immaturity of neonates places them at 
higher risk of developing the relatively severe disease compared 

Figs 2A to D: Erythematous vesicular lesions in neonatal varicella (arrows). (A) Severe CVS with extensive skin lesions and multisystem disease. 
Lung involvement necessitated respiratory support; (B) Perinatal CVS. The infant had feeding difficulties; (C) and (D) Postnatal varicella with mild, 
limited cutaneous lesions

Table 2: Clinical manifestations of CVS

Skin Nervous system Eye Musculoskeletal Systemic
Gastrointestinal 
tract Urinary tract

Cicatricial lesions Intrauterine encephalitis Chorioretinitis Limb hypoplasia Intrauterine 
growth retardation

Gastrointestinal 
reflux

Hydroureter

Cutaneous defects Cortical atrophy/ 
porencephaly

Cataracts Muscle  
hypoplasia

Developmental 
delay

Hydronephrosis29

Hypopigmentation Seizures Microphthalmia Cardiovascular 
defects

Mental retardation Anisocoria
Autonomic instability

Table 3: Diagnostic criteria of CVS

S.no. Diagnostic criteria of CVS
1. Appearance of maternal chickenpox during pregnancy
2. Presence of congenital skin lesions in dermatomal  

distribution and/or neurologic defects, eye disease, 
limb hypoplasia

3. Evidence of intrauterine VZV infection by detection of 
viral DNA in the infant

4. Presence of specific IgM
5. Persistence of IgG beyond 7 months of age
6. Appearance of zoster during early infancy

days incubation period.33 The highest risk for severe neonatal 
varicella is seen when the maternal VZV infection occurs between 
5 days before and 2 days after delivery. These infants are typically 
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to older infants or children.37 Premature infants are at even higher 
risk for nosocomial acquisition of VZV compared with infants born 
at term because the active transfer of maternal immunoglobulin G  
(IgG) antibodies occurs primarily during the third trimester of 
pregnancy.38 In these infants, the risk may increase with increasing 
postnatal age because the antibody levels decline with age.39,40

Neonatal varicella may present with fever occurring within the 
first 5–10 days of life, followed by a generalized vesicular eruption. 
The rash starts as macules and rapidly progresses to papules and 
then to characteristic vesicular lesions before crusting. These lesions 
may be noted first on the head and then on other parts of the body. 
The lesions may be seen in various stages of development and 
healing.41 The generalized distribution and appearance of lesions 
in different stages of development distinguish varicella from the 
vesicular rash seen in neonatal herpes simplex virus (HSV), which 
tends to occur in localized clusters. In mild cases of neonatal 
varicella, the lesions heal within 7–10 days. Very rarely, infants 
develop disseminated disease with varicella pneumonia, hepatitis, 
and meningoencephalitis. 

Laboratory Diagnosis
The diagnosis of CVS can be accomplished by analyzing amniotic 
fluid or fetal blood for VZV DNA using the PCR assay together 
with prenatal ultrasound to detect fetal abnormalities such as 
limb deformity, microcephaly, hydrocephalus, polyhydramnios, 
soft tissue calcification and intrauterine growth restriction.31 The 
PCR assay for detecting VZV DNA is highly sensitive.42–44 However, 
amniocentesis can be usually performed after 16–18 weeks of 
gestation because of the risk of complications. A normal fetal 
ultrasound and a negative PCR performed between 17 and 21 
weeks of gestation suggests low risk of CVS. The ultrasound imaging 
should be performed at least 5 weeks after maternal infection to 
detect fetal abnormalities consistent with CVS.30

Treatment and Prevention of CVS 
Prevention and treatment of CVS are comprised of vaccination, 
antiviral agents and varicella zoster immunoglobulin (VZIG).30 A 
brief discussion of each strategy is provided below.

VZV vaccine is a live attenuated varicella vaccine is currently 
included on the World Health Organization’s list of “Essential 
Medicines for Children.” The VZV vaccine is routinely administered 
during early childhood in several countries including the USA, 
Canada, Japan, Australia, Brazil and few other European and Middle 
Eastern countries. Two doses of VZV vaccine in children has been 
shown to 98% effective in preventing severe disease. However, 
many of the developing countries and a few developed countries 
such as the UK have not recommended routine vaccination of all 
children. 

Since the VZV vaccine is not secreted in breast milk, non-
immune women should be vaccinated immediately after delivery.45 
In most developing countries, immunity to varicella usually results 
from natural infection and only 3.9% of adults are non-immune.46 
The VZV vaccination can prevent infection of the mother and fetus 
and reduce the incidence of both CVS and neonatal chickenpox.46 
If a pregnant woman has had significant exposure to such as 
household contact with a varicella within the infectious period, 
sero-status of the exposed individual should be evaluated. In 
women who have received varicella vaccine, the risk for maternal 
varicella and CVS are very low.47 Nonimmune women could receive 
postexposure prophylaxis immediately.

It is unclear whether antiviral drugs such as acyclovir are 
effective in reducing the risk of varicella during pregnancy after 
exposure. Antiviral treatment is indicated for pregnant women 
with varicella infection.48–50 However, in early pregnancy, the fetal 
benefit is controversial.51 In women with complicated varicella 
infections such as varicella pneumonia, treatment with IV acyclovir 
is recommended because of the high mortality rate.52

Management of Pregnant Women Exposed to VZV
Significant exposure such as household contact with varicella 
infection during pregnancy warrants passive immunization with 
VZV-specific antibodies to reduce the risk of varicella infection and 
also to prevent severe disease. Moreover, VZIG is prepared from 
individuals with recent zoster or from donors screened for high VZV 
IgG titers. It is a purified human immune globulin preparation made 
from plasma containing high levels of antivaricella antibodies,53 
and is recommended both for women who are exposed and for 
others who are susceptible to infection with the virus.54,55 Also, 
VZIG can prevent maternal disease and complications,56 and can 
reduce the risk of fetal infection.57 It should be administered within 
96 hours of chickenpox exposure.56 However, Varizig is the only 
preparation available in the US and VZIG has been discontinued. 
If VZIG or Varizig is not available, intravenous immunoglobulin 
(IVIG) can be considered, if necessary, at a dose of 400 mg/kg. The 
recommended dose is 125 units/10 kg of body weight, up to a 
maximum of 625 units.33

The overall risk for CVS is very low and pregnant women affected 
by varicella during pregnancy should be reassured. This reassurance 
could lead to a reduced frequency of pregnancy terminations 
performed because of the risk of congenital anomalies.58

Herpes Zoster in Infancy
Maternal varicella during pregnancy can manifest as an infant zoster 
in the first or second year of life. The majority of infants who present 
with herpes zoster early in life do not have malformations and are 
asymptomatic.59 Enders et  al. estimated the risk of developing 
herpes zoster in children with maternal varicella infection between 
the 13th and 36th week of gestation. They noted that 0.8–1.7% of 
these infants may develop herpes zoster during the first 2 years 
of life.60

Diagnosis
Neonatal varicella can be suspected based on the characteristic 
appearance of generalized vesicular skin lesions in various stages 
of development and healing in an infant born to a mother exposed 
to VZV or with clinical symptoms close to the time of delivery. 

Laboratory Diagnosis
In infants with uncertain and/or severe clinical manifestations, 
PCR of swabs from vesicles or other samples for the detection of 
VZV DNA confirms the diagnosis. Using PCR, it may be possible 
to distinguish between wild type VZV and vaccine strains. Direct 
fluorescent antibody (DFA) on scrapings from active vesicular skin 
lesions can provide a rapid diagnosis. 

The sensitivity of viral culture is significantly lower compared 
with PCow. Serologic testing by examining cord blood for VZV 
IgM antibodies can also help establish the diagnosis. However, this 
approach requires acute and convalescent titers and therefore it 
is not helpful for rapidly establishing the diagnosis. In neonatal 
varicella infection, acute and convalescent sera demonstrate a rise in  
VZV IgG titers. In uninfected neonates who received the passive 
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transfer of maternal antibodies during pregnancy typically have 
low acute VZV titers and convalescent titers remain low. Moreover, 
VZV IgM is insensitive in neonates and false positives can occur. 

The role of other diagnostic tests, including fluorescent 
antimembrane antibody (FAMA), latex agglutination (LA), enzyme-
linked immunosorbent assay (ELISA), and complement-enhanced 
neutralization, is not known in neonates.

cl I n I c A l mA n Ag E m E n t

Prophylaxis
Management of newborn infants who are exposed to VZV by 
maternal infection or contact with affected individuals includes 
isolation and postexposure prophylaxis. The specific intervention 
depends upon the timing of exposure, the mother’s serologic status, 
and gestational age. 

Prompt postexposure administration of VZIG or Varizig can 
prevent varicella in exposed neonates or ameliorate the disease 
course in patients in whom the infection was not fully prevented.61 
The American Academy of Pediatrics (AAP), Centers for Disease 
Control and Prevention (CDC), and the Advisory Committee on 
Immunization Practices (ACIP), recommend administration of 
Varizig to neonates who have had a significant exposure to VZV 
plus one or more of the following:62

• Maternal symptoms – Neonates whose mothers have signs and 
symptoms of varicella around the time of delivery (within 5 days 
before or 2 days after) should receive Variizig orVZIG. 

• Preterm infants above or equal to 28 weeks of gestation – 
Hospitalized preterm infants born at ≥28 weeks of gestation 
who had significant exposure to VZV and whose mothers do 
not have documented immunization, serologic immunity, or 
prior documented history of varicella infection should receive 
Varizig or VZIG (Flowchart 1). 

• Preterm infants less than 28 weeks of gestation – Hospitalized 
premature infants born at less than 28 weeks of gestation or 
who weigh less than 1,000 gm at birth who have had significant 

exposure to VZV should receive VZIG or Varizig regardless of 
maternal history of varicella or vaccination.

Healthy term neonates who are exposed to VZV postnatally 
(including infants whose mother’s rash developed 48 hours after 
delivery) do not require postexposure prophylaxis. This is because 
postnatally acquired varicella that occurs beyond the immediate 
newborn period in a term infant generally is mild.63 Also, VZIG is 
given intramuscularly at a dose is 125 units to neonates weighing 
above 2.1–10 kg and 62.5 units to children weighing below or 
equal to 2 kg.

For postexposure prophylaxis, passive immunization with 
VZIG or Vaizic should be offered as soon as possible and within  
10 days.64 If VZIG or Varizig is unavailable, IVIG or prophylaxis with 
acyclovir can be considered.41

Isolation
Isolation for the mother and infant depends upon whether there 
is active disease and the timing of exposure. Patients who require 
isolation include the following:

• Active disease − A mother with active VZV lesions must be 
isolated. The infant is isolated from the mother until she is not 
infectious. Any infant who develops varicella in the nursery or 
neonatal intensive care unit (NICU) is also isolated.

• Maternal exposure during the period of 6–21 days before 
hospitalization − A seronegative mother exposed to VZV 6–21 
days before hospital admission should be isolated from other 
patients and the nursery because she may develop varicella while 
hospitalized. This calculation takes into account the incubation 
period of varicella which is usually 14–16 days but sometimes 
ranges from 10 to 21 days after exposure.63 The incubation may 
be prolonged for as long as 28 days after receipt of VZIG or IVIG, 
and it may be shortened in immunocompromised patients. 
Her infant, if born at term, should be isolated from the mother. 
The mother and infant should be cared for only by staff with 
immunity to VZV. Both should be discharged as soon as possible.

Flowchart 1: Schematic flowchart showing recommendations for clinical investigation and management of infants with varicella infections
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