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ABSTRACT

In China, children aged 12 months receive only a single dose of the varicella vaccine and the incidence of
varicella remains high. This study aims to evaluate the changes in immunity among children aged 1-3
years following a single dose of the varicella vaccine, providing a scientific basis for determining the
optimal age for a second vaccination. This prospective cohort study employed glycoprotein enzyme-
linked immunosorbent assay (gpELISA) for antibody detection. The changes in IgG antibody levels over
time post-vaccination were analyzed using a restricted cubic spline (RCS) fitted binary logistic regression
model. Varicella surveillance data were collected from the National Notifiable Disease Reporting System
(NNDRS). Following a peak in varicella incidence in 2019, the incidence shifted toward older age groups.
The cohort study results revealed a seropositivity rate of 100% in children during the 18 months post-
vaccination, which subsequently declined to 71.6% by the 42 months. The geometric mean concentra-
tion (GMC) decreased from 307.6mIU/mL to 115.2mIU/mL. Additionally, 14 children contracted varicella
during the follow-up period, resulting in a breakthrough rate of 2.85%. RCS analysis indicated that
antibody levels fell below the protective threshold 18.69 months post-vaccination, with a non-linear
decline in the odds ratio(OR) of maintaining antibody concentrations > 50mIU/mL(p < .001, Pnonlinear <
0.001). This study demonstrates that the long-term protective efficacy of a single dose of the varicella
vaccine diminishes over time in children, underscoring the necessity of implementing a two-dose
vaccination strategy. The findings provide scientific evidence for determining the optimal timing for
administering the second dose of the vaccine.
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Introduction dose coverage rate of only 61.1%,° with significant regional

disparities. Under moderate vaccine coverage, the incidence of
varicella increased from 3.17 cases per 100,000 in 2005 to 70.14

Varicella, caused by the varicella-zoster virus (VZV), is
a common childhood disease characterized by widespread

papules and vesicles. It can lead to severe complications such
as pneumonia and encephalitis." Several developed countries
have successfully controlled this disease by incorporating
a two-dose varicella vaccination schedule into their national
immunization programs, typically administering the first dose
to children aged 12 to 15 months and the second dose as
a booster between 4 to 6 years of age.”””

In China, the varicella vaccine manufactured by
GlaxoSmithKline was introduced in 1997, recommending
a single-dose regimen for children aged 12 months to 12 years.
The introduction of domestically produced varicella vaccines in
2000 further facilitated vaccine dissemination.® Currently, four
domestic companies in China are involved in varicella vaccine
production,” these vaccines use the Oka strain, which is widely
recognized for its safety and efficacy. The potency of these
vaccines ranges from 1000 to 3000 PFU (plaque-forming
units) per dose, adhering to the national standard set by the
Chinese Pharmacopoeia. This standardization ensures consis-
tency in vaccine quality across different manufacturers.
However, the vaccine has not been included in the national
expanded immunization program, resulting in an overall single-

cases per 100,000 in 2019.° In the United States, although the
widespread use of the varicella vaccine has significantly reduced
infection rates, mortality, and healthcare costs, outbreaks of
varicella have been reported in schools with high vaccination
coverage, suggesting a potential correlation between the dura-
tion post-vaccination and the risk of breakthrough
infections.”'® Consequently, adjusting the current varicella vac-
cination strategy, particularly the optimal timing for the second
dose,'"'? has become a focal point in public health. Given the
relatively limited real-world data on long-term protection post-
vaccination, this study employs a prospective cohort design to
track the immune response in children aged 1-3 years following
a single dose of the varicella vaccine. The study aims to com-
prehensively describe the immune profile of this cohort over
42 months, analyze the trends in IgG antibody levels, and, using
a RCS fitted binary logistic regression model,"® integrate sur-
veillance data from 2018 to 2023. The goal is to provide
scientific evidence for determining the optimal timing for
the second dose of the varicella vaccine, thereby effectively
preventing and controlling varicella outbreaks among adoles-
cents in China.
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Methods
Varicella surveillance

In Jiangsu Province, China, varicella is reported and managed
as a Class C infectious disease, a process that began in
July 2017. All cases diagnosed by hospital staff or county-
level Centers for Disease Control and Prevention must be
recorded in the National Notifiable Disease Reporting System
(NNDRS), an internet-based reporting system. The incidence
rate of varicella is calculated as the number of cases per 100,000
individuals, with population data provided by the National
Bureau of Statistics of China.

Study design

In May 2019, a prospective observational cohort study was
initiated in Rugao County, Nantong City, Jiangsu Province.
Utilizing the “Jiangsu Provincial Immunization Integrated
Service Management Information System,” we identified chil-
dren who had received a single dose of the varicella vaccine
within one month. A sample of these children, all residents of
Nantong City, was selected for the study. The study involved
approximately three years of follow-up, with semiannual
assessments of the participants’ health status and incidence
of varicella, concluding at the end of 2022. Additionally,
venous blood samples were collected from each participant at
intervals of 1 to 1.5 years to assess changes in varicella antibody
levels. Children who contracted varicella or received additional
varicella-containing vaccines during the sample collection per-
iod were excluded from the cohort.

Ethical considerations

This study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of Jiangsu
Provincial Center for Disease Control and Prevention
(approval number: JSJK2019-B004-02). Prior to enrollment,
informed consent was obtained from the parents or legal
guardians of all participating children. The consent process
included a detailed explanation of the study’s purpose, proce-
dures, potential risks and benefits, and measures to protect
participant privacy and data confidentiality. Participants were
informed of their right to withdraw from the study at any time
without consequences. All data were anonymized and stored
securely to ensure participant confidentiality.

Vaccines

The varicella attenuated live vaccines used in this study were
produced by Changchun BCHT Biotechnology (also known as
Baike), Changchun Keygen Biological Products, Changsheng
Biotechnology, and Shanghai Institute of Biologic Products.
These vaccines use the Oka strain, which is widely recognized
for its safety and efficacy. The potency of these vaccines ranges
from 1000 to 3000 PFU (plaque-forming units) per dose. The
vaccine should be refrigerated at 2 — 8°C in a medical refrig-
erator before use. Each dose should be administered subcuta-
neously with a 0.5 mL injection at the attachment site of the
lateral deltoid muscle of the upper arm.

Laboratory assay

Blood samples were frozen at -20°C wuntil analysis.
Varicella-specific IgG antibodies were detected using an
enzyme-linked immunosorbent assay (ELISA), with all
tests conducted at the central laboratory of the Affiliated
Sugian First People’s Hospital of Nanjing Medical
University. To avoid bias, all assays were performed by
the same technician using glycoprotein ELISA (gpELISA)
kits from Institut Virion/Serion GmbH. The ELISA Kkit
determines specific IgG antibodies against the viral envel-
ope gp of VZV bound to the surface of microtitration
wells. IgG antibody titers were measured within the range
of 15-2,000 mIU/mL. Samples with antibody concentra-
tions > 2,000 mIU/mL were marked as 2,000 mIU/mL.
Concentrations > 100 mIU/mL were considered positive,
while concentrations < 50 mIU/mL were considered nega-
tive. Equivocal results (50-100 mIU/ml) were retested and
categorized as a positive or negative finding using the same
methods.

Statistical analysis

Data analysis was performed using Microsoft Excel,
R software (version 4.2.2), and SPSS V.22.0 (IBM Corp,
Armonk, NY). GMCs and seropositivity rates with 95%
confidence intervals (95% CI) were calculated and stratified
by gender and age. Analysis of variance (ANOVA) was used
to compare GMCs, with a two-tailed p-value of .05 consid-
ered statistically significant. A two-segment logistic regres-
sion model was applied using RCS to examine the
relationship between post-vaccination immunity duration
and antibody levels in children. The number of knots in
the RCS fit was selected based on the model’s maximum
R® to prevent overfitting. The x-axis in the analysis repre-
sented the duration of immunity after vaccination, while the
y-axis depicted the odds ratio OR for predicted IgG antibody
concentrations 2 50 mIU/ml. OR values were plotted, with
color intervals indicating the corresponding 95% confidence
intervals (CI) of the OR. The association trend was evaluated
using both overall and non-linear Wald x* tests. A p-value
less than 0.05 from the overall Wald y” test indicated statis-
tical significance, suggesting a linear association trend if the
non-linear Wald x> test yielded a p-value greater than 0.05.
Conversely, if both tests resulted in p-values less than 0.05,
a non-linear association trend between the variables was
suggested.

Results

Changes in epidemiological characteristics of varicella in
Jiangsu Province

Between 2018 and 2023, Jiangsu Province reported
a cumulative total of 581,594 varicella cases, with an average
incidence rate of 93.0 per 100,000 individuals. Age-specific
distribution analysis revealed two distinct peaks in the 0-9
and 10-19 age groups. Notably, from 2021 onwards, there
was a significant rise in the proportion of cases within the
10-19 age group (Figure 1).
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Figure 1. Proportion of varicella cases by age and year in Jiangsu Province, 2018-2023.

Analysis of immunity decline in participants after a single
dose of varicella vaccine

In May 2019, the study enrolled 497 healthy children (248
males and 257 females) with an average age of 2.42 £ 0.65
years. Ultimately, 471 participants completed the first round
of blood sampling in December 2020 (18 months), 450 com-
pleted the second round in December 2021 (30 months), and
418 completed the third round in December 2022 (42 months).
During the follow-up period, 14 participants contracted var-
icella, all of which occurred during the first round of blood
sampling.

As shown in Tables 1 and 2, there were significant differ-
ences in overall seropositivity rates and GMCs of varicella IgG
antibodies in 2020, 2021, and 2022 after a single dose of the
varicella vaccine (p <.01). Over time, the seropositivity rate
decreased from 100.0% to 71.6%, and the GMC decreased from

307.6 mIU/mL to 115.2 mIU/mL. Further analysis indicated
that among children aged 1, 2, and 3 years, seropositivity rates
in 2022 compared to 2020 decreased by approximately 24.5%
to 38.4%, and GMCs decreased by approximately 60.7% to
67.8%. Additionally, the study found no statistically significant
impact of gender and age on seropositivity rates and GMCs

(p>.05).

The trend of varicella I1gG antibody levels over time after
immunization

Using RCS analysis, we observed a significant nonlinear rela-
tionship between the duration of immunity after a single dose
of the varicella vaccine and the OR of maintaining varicella
IgG antibody concentrations > 50 mIU/mL (p <.001, Pponlinear
<0.001). The RCS curve analysis highlighted a critical time

Table 1. Overall immunity in terms of GMC to varicella in children aged 1-3 years in the follow up 42 months (mIU/mL).

Characteristics N 918 months post vaccination P30 months post vaccination €42 months post vaccination
GMC 95%Cl GMC 95%Cl GMC 95%Cl

Sex

Boy 228 310.7(291.8,329.7) 169.9(158.9,180.9) 117.1(106.3,127.9)

Girl 243 304.7(284.8,324.6) 165.9(154.9,176.8) 114.1(103.2,124.9)

Age(years)

1- 100 324.3(291.2,357.4) 152.5(138.9,166.1) 104.4(91.4,117.4)

2- 268 307.9(290.6,325.2) 172.5(161.9,183.1) 121.1(111.4,132.8)

3- 103 292.3(261.9,322.7) 169.4(152.0,186.7) 109.0(92.1,126.0)

Total 471 307.6(293.9,321.2) 167.5(160.2,175.6) 115.2(107.6,122.9)

a .b .
P18 months vs. 30 months <0'001I P18 months vs. 42 months <0'001I

C
P30 months vs. 42 months <0.001.

Table 2. Overall immunity in terms of seropositivity to varicella in children aged 1-3 years in the follow up 42 months (%).

Characteristics N 218 months post vaccination P30 months post vaccination €42 months post vaccination
GMC 95%Cl GMC 95%Cl GMC 95%Cl

Sex

Boy 228 100 92.8(87.9,95.3) 74.6(67.5,80.1)

Girl 243 100 95.6(914,97.4) 68.6(61.3,75.1)

Age(years)

1- 100 100 93.6(85.0,97.6) 68.1(56.6,77.7)

2- 268 100 94.4(90.7,96.6) 76.5(70.1,81.9)

3- 103 100 92.5(85.3,96.3) 61.6(50.2,71.9)

Total 471 100 94.2(91.7,96.0) 76.8(72.6,80.6)

a .b .
P18 months vs. 30 months <0.001; P18 months vs. 42 months <0.001;

C
P30 months vs. 42 months <0.001.
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Figure 2. Association between duration after a single dose of the varicella vaccine and IgG antibody concentrations (=50 mIU/mL) with the RCS function. A Model with
4 knots located at 5th, 35th, 65th, and 90th percentiles. Y-axis represents the or to present IgG antibody concentrations (=50 mlU/mL) for any value of duration after

immunization compared to individuals.

point at 18.69 months post-vaccination, where the OR for
antibody levels reached an inflection point, indicating
a subsequent nonlinear trend of initial increase followed by
a decline (Figure 2).

Discussion

Varicella has seen significant epidemiological changes in
China. Since the introduction of the varicella vaccine in 1997,
substantial progress has been made in disease prevention and
control.'"* However, following the classification of varicella as
a Category C notifiable disease in Jiangsu Province in 2017, the
incidence rate of 10-19years old group increased
significantly.">”

This study provides empirical data on the waning immunity
in Chinese children aged 1-3 years following a single dose of
the varicella vaccine, which is crucial for informing national
vaccination policies. As varicella vaccine coverage increases,
the long-term efficacy of vaccination has become a key public
health concern. Our findings indicate that the seropositivity
rate reached 100% in the 18 months post-vaccination, but
declined significantly to 71.6% by the 42 months. The GMC
similarly decreased from 307.6 mIU/mL to 115.2 mIU/mL,
underscoring the waning immunity over time. This aligns
with international trends, where the vaccination strategy has
shifted from a single dose to a two-dose regimen to enhance
long-term protection. The Centers for Disease Control and
Prevention (CDC) in the United States recommends a two-
dose schedule based on evidence that a single dose may not
provide sustained immunity.>'®' The epidemiological data
from Rugao County during the study period reveal
a moderate level of varicella circulation, with relatively stable,
lower incidence rates from 2019 to 2023 suggest that the
observed antibody dynamics in our cohort primarily reflect
the vaccine-induced immunity rather than significant natural
boosting effects. However, the occurrence of 14 breakthrough

cases within the first 18 months of the study indicates that
some participants did experience exposure to wild-type VZV,
which could have influenced their antibody levels. These epi-
demiological findings underscore the complexity of interpret-
ing vaccine effectiveness in real-world settings and highlight
the importance of considering background disease incidence
when evaluating long-term vaccine-induced immunity.

Given the low one-dose vaccination rate of 61.1% for the
varicella vaccine, enhancing this initial coverage should be
a public health priority. Our findings show that immunity
declines over time with a single dose, suggesting the need for
a two-dose regimen. However, without sufficient initial cover-
age, the benefits of a two-dose strategy may be limited.
Increasing one-dose coverage would strengthen herd immu-
nity, reduce virus circulation, and decrease breakthrough
infections, even before introducing a second dose. Therefore,
while a two-dose regimen is eventually necessary, improving
one-dose coverage should be prioritized to ensure a stronger
foundation for future vaccination efforts.

The study also revealed that 14 participants contracted
varicella, resulting in a breakthrough rate of 2.85%, which is
higher than the 0.70% reported in a U.S. study.?® This disparity
highlights the differences in varicella vaccination strategies and
efficacy across regions and underscores the need to optimize
vaccination policies globally. Previous research indicates that
the breakthrough rate for varicella increases from 1.2% at
one year post-vaccination to 13.5% at five years,21 consistent
with our observation of declining seropositivity over time.
Given the effectiveness of a single dose in reducing severe
varicella cases, the risk of breakthrough disease,” and reduced
external exposure due to decreased shedding of wild-type
VZV,?* a two-dose regimen is essential for optimal protection
and prevention of outbreaks.?

While most studies focus on changes in seropositivity or
antibody concentrations post-vaccination,””*® our research
utilizes cross-sectional data (2018-2023) and employs RCS to



model the independent effect of time since immunization on
antibody levels. This approach provides a more precise and
intuitive depiction of the OR for antibody levels = 50mIU/
mL over time. The RCS-fitted binary logistic regression
model indicates a nonlinear relationship between post-
vaccination duration and antibody concentration, with
a critical turning point at approximately 18.69 months,
where antibody levels fall below protective thresholds. This
finding aligns with our prospective data, showing a 100%
seropositivity rate and a GMCs of 307.6 mIU/mL at the first
blood draw (18 months post-vaccination), followed by
a significant decline at subsequent intervals. These insights
are crucial for determining the optimal timing for adminis-
tering the second vaccine dose to maintain long-term
immunity.

However, the study has several limitations. First, it did not
account for all factors that might influence vaccine efficacy,
such as children’s nutritional and health status. Additionally,
the follow-up period for vaccinated children was relatively
short. Furthermore, this study focused solely on humoral
immunity, as reflected by IgG titers, and did not assess cellular
immunity. Both humoral and cellular immunity play crucial
roles in protection against VZV infectious disease. Humoral
immunity, mediated by antibodies, helps neutralize free virus
particles, while cellular immunity, primarily involving T cells,
is essential for recognizing and eliminating virus-infected cells.
The absence of cellular immunity assessment in this study
limits our understanding of the complete immune response
to the varicella vaccine. Despite this limitation, the evaluation
of humoral immunity provides valuable insights into the vac-
cine’s efficacy and the duration of antibody-mediated protec-
tion. Further prospective studies incorporating both humoral
and cellular immunity assessments are needed to provide
a more comprehensive understanding of the long-term protec-
tion against varicella following vaccination.

In summary, this study demonstrates that although a single
dose of the varicella vaccine provides effective short-term
protection, antibody levels in children decline significantly
over time. RCS model analysis indicates that 18.69 months
post-vaccination is a critical point where antibody levels
begin to fall. These findings provide valuable insights for
determining the optimal timing for the second dose of the
varicella vaccine to ensure sustained immunity.
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