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Varicella is a widespread disease of childhood resulting from primary infection with varicella-zoster virus
(VZV). The objective of this study was to determine the kinetics of the decline of maternal anti-VZV antibodies
in French infants between birth and the age of 15 months in order to estimate the duration of passively
acquired maternal anti-VZV immunoglobulin G (IgG). This prospective multicenter study was conducted
between October 2005 and January 2007 in the pediatric wards and/or pediatric emergency units of seven
French hospitals scattered throughout the country. The level of anti-VZV IgG antibodies in serum was
measured by a time-resolved fluorescence immunoassay (TRFIA) (the threshold considered positive is 150
mIU/ml). A total of 345 infants were included. Seventy-seven percent of mothers reported a history of varicella.
A rapid decline in the prevalence of anti-VZV antibodies was observed during the first few months of life, with
the mean antibody titer decreasing from 536 mIU/ml at birth and through 1 month to below the 150-mIU/ml
threshold at 3 to 4 months. The half-life of passively acquired maternal immunoglobulins was around 6 weeks.
Based on a large number of subjects, this study clearly demonstrated, for the first time in France, high levels
of passively acquired maternal antibodies during the neonatal period, and it allowed us to estimate the
duration of passively acquired maternal anti-VZV IgG in French infants. After 4 to 5 months, infants had very
low levels of maternal anti-VZV IgG, below the 150-mIU/ml cutoff of the VZV IgG TRFIA.

Varicella (chickenpox) is a widespread disease of childhood
resulting from a primary infection with varicella-zoster virus
(VZV). In France, an age-specific prevalence study reported
seroprevalence rates of about 50% by the age of 4 years and
90% by 8 years (11). The disease is usually benign but may lead
to severe complications and occasionally death (6, 17).

In France, varicella vaccines have been available since 2004
but are not yet recommended on a routine basis (9).

When mothers have experienced varicella or received VZV
vaccination, infants are considered protected during the first
months of life by passive transfer of maternal anti-VZV anti-
bodies (1). The antibody titer in the newborn has been shown
to be proportional to the level in the mother (22). However,
passive immunity declines rapidly, and the exact duration and
extent of protection remain uncertain. In other countries, some
studies have shown that maternal antibodies were no longer
detectable at 6 months (7) or even as early as 4 months (19).

The objective of this study was to determine the kinetics of

the decline of maternal anti-VZV antibodies in French infants
between birth and the age of 15 months in order to estimate
the duration of passively acquired maternal anti-VZV immu-
noglobulin G (IgG) in French infants. This could be useful, in
countries in which routine vaccination is recommended, for
assessing the optimal age for varicella vaccination in infants.

MATERIALS AND METHODS

This prospective multicenter study was conducted between October 2005 and
January 2007 in the pediatric wards and/or pediatric emergency units of seven
French hospitals scattered throughout the country. Each center had to consec-
utively include 6 infants in each of the following 9 age categories: newborn to 3
months; 4 to 6 months; 7, 8, 9, 10, 11, and 12 months; and 13 to 15 months.

Inclusion criteria. To be included, infants had to be 15 months old or younger.
They had to be hospitalized or seen in an outpatient department with a sched-
uled blood sampling. Furthermore, they had to be born after at least 37 gesta-
tional weeks with a birth weight of at least 2,800 g. One or both parents had to
sign the written informed-consent form.

Exclusion criteria. Infants with a history of varicella or anti-VZV immuniza-
tion were excluded, as were those for whom contact with a VZV-infected indi-
vidual within 3 weeks before inclusion was reported. Infants with known or
suspected immunodeficiencies or histories of immune globulin or blood trans-
fusion and those whose mothers were transfused during pregnancy were also
excluded.

Data collection. For each infant, the following information was collected:
recruitment site (pediatric emergency unit, pediatric inpatient or outpatient
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department), date of birth, gender, birth weight, gestational age, maternal age,
and maternal history of varicella or anti-varicella vaccination.

Antibody level measurement. Blood samples were collected during the infants’
clinical visit or hospitalization. An additional 0.5 ml of blood was collected in a
dry tube and centrifuged for 10 to 15 min at 3,000 rpm. After centrifugation,
serum was extracted and stored at �20°C. At the end of the inclusion period, all
serum samples were centralized at the Virus Reference Department at the
Health Protection Agency, London, United Kingdom, for assessment of anti-
VZV antibody titers. The level of anti-VZV IgG antibodies in serum was mea-
sured by the time-resolved fluorescence immunoassay (TRFIA) technique. The
VZV TRFIA is a quantitative VZV IgG assay calibrated against the British
standard VZV antibody (15, 16), and VZV IgG levels were interpreted as VZV
IgG negative (VZV IgG level, �100 mIU/ml), VZV IgG equivocal (100 mIU/ml
to �150 mIU/ml), and VZV IgG positive (150 mIU/ml or greater). For the
calculation of the mean anti-VZV antibody titers (geometric mean titers
[GMT]), all antibody titer results were taken into account.

Statistical analysis. GMT were given for each 1-month interval from birth to
the age of 15 months. The antibody titer was compared according to infant
gender, birth weight, gestational age, and maternal history of varicella. Qualita-
tive variables were compared using the chi-square test, and quantitative variables
were compared using the Student t test or the nonparametric Cochran-Mantel-
Haenszel test. A P value below 0.05 was considered statistically significant.

Sample size estimation was based on the results of Linder et al. (14), who
observed that 24% of 2-month-old babies carried maternal anti-VZV antibodies.
The minimum sample size required for detection of a prevalence of 24% with a
precision of 5% (alpha � 0.05) was 281. This number was increased to 378,
representing 54 infants per center and 42 for each age category, to compensate
for possible recruitment anomalies. Statistical analysis was performed by Mapi-
Naxis, Lyon, France, using SAS software, version 8.

A birth weight between 2,600 g and 2,800 g was considered a minor protocol
deviation, and such infants were thus included in the analysis.

Ethical considerations. This study complies with the Declaration of Hel-
sinki. Written informed consent was obtained from at least one of the parents
(or from the infant’s legal representative), and the study protocol was ap-
proved by the local ethics committee. According to French legislation, in-
formed consent from one of the parents is sufficient if the study protocol
presents no risk to the child.

RESULTS

Population characteristics. A total of 353 infants were ini-
tially included. Eight were excluded because of missing infor-
mation (five had no information on antibody titers, two had
received anti-VZV vaccination, and one had no case report
form). Thus, 345 infants enrolled from pediatric inpatient de-
partments (48%), pediatric emergency units (34%), or pediat-
ric outpatient departments (18%) were analyzed. The median
age at inclusion was 8.7 months (range, 0.03 to 15.6 months).
The median gestational age was 39 weeks, and the median
birth weight was 3,330 g. These two variables did not vary
according to age (P, 0.71 and 0.67, respectively). Fifty-two
percent of infants were males, but this proportion decreased
significantly with age, from 67% in the age category between
birth and 3 months to 36% in the 12- to 15-month-old group
(P � 0.04).

The mothers’ median age was 29 years (range, 17 to 46
years). Among all mothers, 264/345 (76.5%) reported having
had varicella while 45 (13%) did not report having developed
the disease or having received vaccination. Thirty-six women
(10.4%) could not provide the information.

Anti-VZV antibody titers. The mean anti-VZV antibody ti-
ters according to infants’ age are presented in Fig. 1. For each
1-month class, the antibody levels are given as GMT together
with the 95% confidence interval (95% CI). A significant dif-
ference was observed according to age, with the mean antibody
titer decreasing from 536 mIU/ml at birth and through 1 month
to below the 150-mIU/ml threshold at 3 to 4 months (133
mIU/ml; P � 0.001 by the Cochran-Mantel-Haenszel test).
Above the age of 6 months, the GMT remained almost con-

FIG. 1. Anti-VZV antibody titers in 345 French infants between birth and the age of 15 months. Antibody levels are given as GMT. Vertical
bars indicate 95% CI. Dashed line indicates the threshold of protection.
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stant between 18 and 30 mIU/ml. Table 1 gives the proportion
of infants in each 3-month age category with anti-VZV anti-
body titers above the 150-mIU/ml threshold. This proportion
decreased significantly, from 83% in infants between birth and
the age of 3 months to 29.5% in infants 3 to 6 months old. In
the 6- to 9-month category, only one infant (1.1%) had a GMT
above the threshold. In the 9- to 12-month and 12- to 15-month
age categories, this proportion increased slightly, to 3.5% and
2.2%, respectively.

Looking in more detail at the first few months after birth, it
appears that the percentage of infants with anti-VZV antibody
titers above the 150-mIU/ml threshold reached 95% between
birth and 1 month but decreased to 75% in the 1- to 3-month
category, to 50% in the 3- to 4-month category, and to 0% at
4 months (data not shown). Our data indicate that the half-life
time of the anti-VZV antibodies is approximately 6 weeks.

In infants under the age of 6 months, the proportion of those
with antibody titers above 150 mIU/ml was significantly higher
when the mother reported a clinical history of varicella (64.8%
versus 33.3%; P � 0.038). In contrast, no difference was ob-
served in infants above the age of 6 months according to the
maternal history of varicella (data not shown).

DISCUSSION

Based on a large number of subjects, this study clearly dem-
onstrated high levels of passively acquired maternal antibodies
during the neonatal period and allowed us to estimate, for the
first time in France, the duration of passively acquired mater-
nal VZV IgG in full-term infants.

A rapid decline in the level of anti-VZV maternal antibodies
was observed during the first few months of life, with a sub-

stantial decrease even between the birth to 1-month and 1-
to-2-month groups (Fig. 1). The percentage of infants with
anti-VZV antibody titers above the threshold considered to be
protective decreased drastically, from 83% between birth and
3 months to 1% between 6 and 9 months, and after 4 months,
most infants seemed no longer to be protected by maternal
anti-VZV antibodies (Table 1). These results are in accor-
dance with those reported in the literature (Table 2). It is
noteworthy that in the study of preterm and full-term infants
by Leineweber et al. (12), anti-VZV antibody persistence was
tested only at 1 to 3 months and 6 to 12 months, making it
impossible to assess antibody levels between 4 and 6 months.
Among preterm infants, 56% had antibody persistence at 1 to
3 months versus only 5% (1/21) at 6 to 12 months. Among
full-term infants, 13% had antibody persistence at 6 to 12
months. This decline in the level of maternal antibody titers
over the first months of life has already been documented for
other infectious diseases (5, 12, 13). The half-life of anti-VZV
antibodies calculated in our study (6 weeks) is in accordance
with the results of a previous study reporting a half-life of 45
days for passively transferred anti-VZV IgG (21).

Our study has some limitations. In order to describe the
actual kinetics of maternal antibodies, it would have been more
accurate to follow a cohort of newborn infants up to the age of
15 months and to repeatedly assess the anti-VZV antibody
titers during this period. However, repeated blood sampling of
the same infants was considered unethical, and our data pro-
vide a reasonable estimation of the proportion of infants con-
sidered to be protected by maternal antibodies during the first
months of life. Nevertheless, there are no reliable correlates of
protection provided by passively acquired anti-VZV IgG, and
breakthrough infections can occur. The 150-mIU/ml threshold
for positivity used in the VZV TRFIA is based on correlation
with the Merck glycoprotein enzyme immunoassay and the
recommendations of the U.S. Advisory Committee on Immu-
nization Practices (15).

Although it has been shown to be cost-effective (3, 4), anti-
VZV vaccination is not recommended on a routine basis in
France. In this context, our study reflects passive transfer of
maternal anti-VZV antibodies produced after a clinical epi-
sode of varicella rather than after anti-VZV vaccination. The
absence in our study of mothers with histories of varicella
vaccination did not allow us to compare the antibody titers in
infants whose mothers had histories of varicella infection with
those in infants whose mothers had varicella vaccination only.

TABLE 1. Median anti-VZV antibody titers and proportions of
newborn infants with anti-VZV antibody titers above the

150-mIU/ml threshold according to age

Age
group
(mo)

No. (%) in
group

Mean (95% CI)
anti-VZV antibody

titer (mIU/ml)

% of infants with
an antibody titer
of �150 mIU/ml

(95% CI)

0–3 48 (13.9) 333.8 (253–440) 83.3 (69.8–92.5)
3–6 44 (12.8) 83.6 (63.4–110) 29.5 (16.8–45.2)
6–9 94 (27.2) 25.9 (22.5–29.8) 1.1 (0–5.8)
9–12 114 (33.0) 21.6 (19.1–24.5) 3.5 (1.0–8.7)
�12 45 (13.0) 22.1 (16.9–28.7) 2.2 (0.1–11.8)

TABLE 2. Details of studies that have reported the decay of maternal anti-VZV antibodies and the age at which anti-VZV antibodies
disappear in infantsa

Study (reference) Country Study period Birth No. of
infants

Assay used to
measure anti-

VZV Ab

Age (mo) at anti-VZV
Ab disappearance

Present study France 2005–2006 Full term 345 TRFIA 4
Ozaki et al. (19) Japan 1980 Full term 24 NT 4
Heininger et al. (10) Switzerland 1994–1999 Full term 240 ELISA 4–6
Linder et al. (14) Israel 1997 Preterm 120 IFAMA 2–6
Leineweber et al. (12) Switzerland 1999–2000 Preterm 66 ELISA �6

Full term 31 ELISA �6
van der Zwet et al. (22) The Netherlands 1995–2000 Preterm 27 VIDAS 3

a Ab, antibodies; NT, neutralization test (described previously by Asano and Takahashi �1a�); ELISA, enzyme-linked immunosorbent assay; IFAMA, immunoflu-
orescent antibodies to membrane antigen assay; VIDAS, the Vitek immunodiagnostic assay system, an automated enzyme-linked fluorescent immunoassay.
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In our study, the proportion of infants from birth to 1 month
with anti-VZV antibody titers below the threshold considered
to be protective (5%) suggested that a small portion of French
mothers of childbearing age probably are not immune to VZV
and are susceptible to contracting infection during pregnancy
or around birth. This is in line with data regarding the sero-
prevalence of anti-VZV antibodies in the French population
(11). In another study conducted in France at the end of 2005,
1.2% of 486 pregnant women included were seronegative for
VZV (20). Congenital varicella syndrome is rare, but the risk
is approximately 2% when infection occurs at 13 to 19 weeks of
gestation. Congenital infection results in a wide clinical spec-
trum, which may include low birth weight, and multiple con-
genital abnormalities, leading in a number of cases to death in
the first years of life. Maternal varicella occurring within 5 days
before and 2 days after birth is also associated with severe
neonatal varicella, with a high fatality rate for newborns (18).
Vaccination of women of childbearing age without clinical
histories of varicella is a way to decrease the morbidity asso-
ciated with VZV. Since 2007, the Haut Conseil de la Santé
Publique has recommended vaccination in France for women
of childbearing age, particularly those who intend to become
pregnant and have no history of varicella infection (9).

Besides congenital and neonatal VZV, the burden of disease
in young infants is important. Data extracted from the French
Medical Information System (Programme de Médicalisation
des Systèmes d’Information Médecine Chirurgie Obstétrique),
which covers all public and private hospitals in the country,
indicate that 21,179 hospital stays were related to varicella
between 1997 and 2002, representing an average of 3,500 hos-
pitalizations a year (2). Among all cases, 7,058 (33%) had
complications and 159 (0.8%) patients died, 14 of them before
the age of 1 year. More recently, a national surveillance net-
work based on 165 pediatric wards in hospitals located
throughout France reported 1,575 hospitalizations related to
varicella between March 2003 and July 2005, including 38
(2.4%) cases requiring intensive care. This survey showed that
complications, especially cutaneous superinfections, were the
major reasons for hospitalizations due to VZV infection and
that the number of such complications increased steadily be-
tween the ages of 3 months and 1 year (8). VZV disease could
be less complicated before 3 months due to the protection
conferred by maternal VZV antibodies. From an infant vac-
cine perspective, precise knowledge of the kinetics of maternal
antibodies is important in order to properly estimate the op-
timal age of vaccination. Indeed, when live attenuated vaccines
are injected, the presence of maternal IgG antibodies may
neutralize vaccine viruses, thereby inhibiting the vaccine-spe-
cific immune response. Therefore, another way to decrease the
burden of VZV disease in infants is to reduce the gap of
immunity between the disappearance of transmitted maternal
antibodies and the age of initiation of active immunization for
countries with routine VZV vaccination programs.
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