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ABSTRACT

Emergency vaccination (EV) is used as effective postexposure prophylaxis (PEP) to control varicella out-
breaks within 3-5 days. However, the advantages of a second dose of varicella vaccine (VarV) in students
who had received one dose before an outbreak and the potential benefits of EV at more than 5 days after
exposure have not been fully evaluated. This study evaluated the vaccine effectiveness (VE) of EV in
preventing disease development during a varicella outbreak in Shanghai, China, in 2020. Questionnaires
were used to obtain student demographic information, clinical manifestations, varicella history, vaccina-
tion status, and willingness to receive EV. The VE of EV was calculated as [1-relative risk (RR)] x100%.
Among the 1455 students included in this study, 31 cases were identified, resulting in an overall attack
rate of 2.13%. There were 6 cases in unvaccinated students and 25 cases in one-dose-vaccinated students.
A total of 788 students received one EV dose. The attack rates were 6.38% (6/94), 4.26% (19/446), 2.82% (2/
71), and 0.56% (4/717) among unvaccinated students, students who received 1 dose of VarV, and students
who received EV with the 15t and 2™ dose of VarV, respectively. Compared to that in unvaccinated
students, the VE of EV with the 2" dose of VarV was 88% (95% Cl 49% to 97%). EV should be performed as
soon as possible after exposure. Nevertheless, vaccination is still recommended at more than 5 days post
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exposure to control varicella outbreaks.

Introduction

Varicella is a highly contagious acute respiratory disease
caused by primary varicella zoster virus (VZV) infection.
It is characterized by systemic papules and pruritic var-
icella rashes, which are common in children and can lead
to serious complications, such as pneumonia, encephalitis
and even death.' According to conservative estimates in
developed countries, varicella causes 4.2 million severe
complications, leading to hospitalization and approxi-
mately 4200 deaths.” Students must be removed from the
school setting immediately after the identification of
a varicella rash and remain quarantined until their rash
has crusted over; after exposure, those without evidence of
varicella immunity need to be monitored, which contri-
butes to high burdens on families, schools, and the
g()vernment.3’5

With the widespread use of varicella vaccines (VarVs)
worldwide, the number of varicella cases has been substantially
reduced.” In China, the single-dose VarV has been licensed for
use in children aged 1-12 years since 1998, although it is not
included in the National Immunization Program.® A total of
73.6% of children born between 2008 and 2012 in six provinces
and 78% of students aged 3-17 years in Shanghai have received
one dose of VarV.”* Although the coverage of a single dose of
VarV has reached more than 70%, varicella outbreaks are still
reported in some cities, even those with high economic pro-
ductivity, in China.>'

Emergency vaccination (EV) is used as effective postexpo-
sure prophylaxis (PEP) to control varicella outbreaks.'! The US
Advisory Committee on Immunization Practices states that
EV, if provided within 3-5 days post exposure, is highly effec-
tive in preventing moderate or severe varicella disease and
recommends a 2nd dose of VarV in individuals who previously
received one dose of VarV as PEP for outbreak control. In
China, this strategy was implemented in Beijing in 2006, in
Guangzhou in 2012, and in Shanghai in 2013."'""* However,
the advantage of 2nd dose of VarV in students who received
one dose before the outbreak and the potential benefits of EV at
more than 5 days after exposure have not been fully evaluated.

In this study, we assessed the effectiveness of a 2nd dose of
VarV as an EV strategy in students who had received one dose
of VarV before the outbreak and the effectiveness of 1 dose of
VarV as an EV strategy in unvaccinated students. The results of
this study provide empirical evidence to inform prevention and
control measures for varicella outbreaks and support the
implementation of routine two-dose vaccination in provinces
of China where this strategy has not been adopted.

Materials and methods
Varicella surveillance

Mandatory reporting of varicella in Shanghai began in 2006
after the varicella vaccine was more widely used in children.
Local health providers and physicians are required to report
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varicella cases directly to the Shanghai Municipal Center for
Disease Control and Prevention (CDC) within 24 hours via an
internet-based surveillance system. Kindergartens, and schools
obligatorily report varicella outbreaks to the public health
agency. Meanwhile, the district CDC actively monitors vari-
cella outbreaks in institutions via the internet reporting system.
In response to varicella outbreaks, public health staff conducts
epidemiological investigations and implements control
measures.

Outbreak setting

The varicella outbreak took place in a senior high school (called
“School A”) located in Pudong New District of Shanghai from
November to December 2020. There were a total of 1474
students in grades 1-3 in School A. There were four five-
story school buildings located in this school, and each floor
had 5 classrooms.

Outbreak control measures

All gathering activities were stopped, and morning examina-
tions in all classes were carried out during the outbreak. The
affected classes were transferred to an isolated area, and disin-
fection was performed by special personnel. All patients were
quarantined and treated in a centralized manner. EV was
recommended for all possibly exposed students and staff.
Domestic varicella vaccines were used for EV, produced by
the Shanghai Institute of Biological Products, Shanghai. The
domestic vaccine (Shanghai) introduced the Oka strain VZV
and contains similar concentrations of Oka strain VZV with
>2000 plaque-forming units/dose (0.5 ml).

Study definitions

A case of varicella was defined as an acute maculopapular
vesicular rash without another apparent cause in a student in
school A from November 2 to 14 December 2020. Varicella and
its complications were diagnosed by experienced doctors in the
local hospital. Breakthrough varicella was defined as
a varicella-like rash that developed >42 days after VarV. In
this study, students were divided into four groups based on
varicella vaccination status as follows: (1) unvaccinated; (2) 1
dose of VarV, before the outbreak and refusal of EV; (3) EV
with the 1** dose of VarV in students with no VarV immuniza-
tion history before the outbreak; and (4) EV with the 2™ dose
of VarV in students who received one dose before the outbreak.
After EV, it takes at least 4 days to produce sufficient antibodies
against varicella-zoster virus infection.*'* Therefore, the stu-
dents receiving EV with the first dose of VarV and receiving
EV with the second dose of VarV within 4 days after varicella
exposure were classified into the unvaccinated and 1-dose
VarV groups, respectively, during the outbreak.

Data collection

This retrospective study was conducted to assess the effective-
ness of varicella vaccination. Investigators were trained to use
a structured questionnaire to collect epidemiological

information about the school during the outbreak through
face-to-face interviews with school staff. The questionnaire,
which included demographic information, clinical manifesta-
tions, vaccination status, varicella history, duration of isolation
and willingness to receive EV, was completed by an investiga-
tor via a telephone interview with the student’s parents. Rash
severity was categorized as mild (<50 lesions), moderate (50—
499 lesions), or severe (=500 lesions).

The data collection process was a part of the routine var-
icella surveillance program and exempt from ethical approval
after review by the Ethics Committee of the Shanghai
Municipal CDC.

Data analysis

Data were entered into Microsoft Excel 2010. Statistical ana-
lyses were performed using SPSS 18.0. Varicella severity was
compared between the unvaccinated, one-dose VarV, 1° EV
dose and 2™ EV dose using Pearson’s Chi-square test, Fisher’s
exact test, or the Wilcoxon rank-sum test, as appropriate. A p
value of <.05 was considered statistically significant.

In this study, 1455 students were enrolled, and 19 students
with a past medical history of varicella before the outbreak
were excluded. An epidemiological curve was used to describe
the distribution of varicella cases during the outbreak. The
vaccine effectiveness (VE) of EV was calculated as [1-relative
risk (RR)] x100%, where RR is the incidence density calculated
in this outbreak investigation. The at-risk period for each
student began on 2 November 2020 (date of infection of the
first patient) and ended on 14 December 2020 (21 days after the
date of rash onset for the last infected student, as 21 days is the
maximum incubation period for varicella). In addition, the
additional reduction in varicella cases associated with the 2™
emergency vaccine dose relative to the 1 dose VarV was
assessed. A 95% confidence interval (CI) of VE excluding 0
was considered statistically significant.

Result
Study population

Among the 1474 students in school A, 19 students with
a history of varicella before the outbreak were excluded from
the analysis (Figure 1). No staff members or faculty members
developed varicella during the outbreak; therefore, all analyses
were restricted to students. The mean age of the 1455 students
was 16.97 £ 0.91 years (range 15-19 years), and 49% were male.
Among the 1455 students with no varicella history before the
outbreak, 165 (11.34%) were unvaccinated, 1163 (79.93%) had
received 1 dose of the vaccine, and 127 (8.73%) had received 2
doses of the vaccine, resulting in schoolwide vaccination cover-
age with >1 dose before the outbreak of 88.66%. Among the 1
dose recipients (n = 1163), the mean time from vaccination to
the outbreak was 14 + 2.54 years (range 1-17 years).

Outbreak

The outbreak lasted approximately 1.5months, from
November 2 through 14 December 2020. Among the 1455
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Figure 1. Varicella vaccination status, cases, and EV status among students during a varicella outbreak in Shanghai, 2020.

students included in this study, a total of 31 cases were identi-
fied, for an overall attack rate of 2.13%. There were 6 cases in
unvaccinated students and 25 cases in one-dose-vaccinated
students (Figure 1). The mean age of the patients was 17.89 +
0.44 years, and 16 of them (51.61%) were male. The index case
was an 18-year-old boy from class 7 in grade 3 who had
previously received 1 dose of VarV. He developed a fever of
38.6°C on November 2 and a mild rash on November 5,
approximately 14 years after varicella vaccination on
21 August 2006. The number of cases peaked in this outbreak
at approximately one week after the index case (Figure 2).

EV campaign

Before EV, two unvaccinated students and six 1-dose VarV
recipients were diagnosed with varicella; 127 students had
received 2 doses of VarV. Among the 1320 students who
were eligible for EV with one dose of VarV, 788 received one

dose of VarV (Figure 1). The rate of EV among students who
had received 1 dose of VarV before the outbreak was 61.97%
(717/1157), which was higher than 43.56% (71/163) among
unvaccinated students (p <.05). After EV, the attack rates
were 6.38% (6/94), 4.26% (19/446), 2.82% (2/71), and 0.56%
(4/717) among unvaccinated students, students who received 1
dose of VarV, students who received EV with the 1°* dose of
VarV and students who received EV with the 2°¢ dose of VarV,
respectively.

Case characteristics

All cases were mild. None of the 1%-dose EV or 2"%-dose EV
students had fever. In contrast, fever was reported in 33.33%
(2/6) of unvaccinated students and 31.58% (6/19) of 1-dose
VarV students (Table 1). There was no difference among the
four groups of students in those who were absent (p =.26).
Cases and noncases differed in terms of age (p <.05) and grade
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Figure 2. Distribution of varicella cases by date of rash onset and vaccination status (n = 31).
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Table 1. Disease severity of varicella according to vaccination status.

Characteristic Unvaccinated(n = 6) 1 dose of VarV (n=19)

EV with 1°* dose of VarV (n =2) EV with 2" dose of VarV (n = 4) P

>50 lesions, % 0 0
Fever 2 6
Absent days, median (range) 17(14-25) 17(13-20)

0 0 1
0 0 458
15(13,17) 15(13-17) 258

Table 2. Comparison of infected and noninfected students during a varicella outbreak in Shanghai, 2020.

Characteristics Students with varicella (n=31) Students without varicella (n = 1424) P value
Sex
Male 16(51.61) 697(48.95) 769
Female 15(48.39) 727(51.05)
Age
Mean (SD) 17.89(0.43) 16.95(0.91) .000
Region
Local 25(80.65) 1112(78.09) 733
Nonlocal 6(19.35) 312(21.91)
Grade
1 1(3.23) 535(37.57) .000
2 1(3.23) 453(31.81)
3 29(93.54) 436(30.62)
Time from vaccination to outbreak*
<11 years 0(0) 56(4.91) .000
11-15 years 10(43.48) 856(75.09)
>15 years 13(56.52) 228(20.00)

*One-dose varicella vaccine recipients before the outbreak.

(p <.05) (Table 2). Most cases occurred among students in
grade 3 (29, 93.55%), and the average age was 17.89 years
(Table 2). Cases and noncases did not differ in terms of sex
(p=.769) or region (p =.733) (Table 2). In the one-dose VarV
recipients, the time since vaccination was associated with
breakthrough varicella in this outbreak (p <.05) (Table 2).
Among 31 cases, 23 were breakthrough varicella cases and
had received one-dose VarV. The time from vaccination to
outbreak longer, the number of breakthrough varicella cases
higher. Among them, the time of 10 cases from vaccination
were between 11 years to 15 years and the time of 13 cases from
vaccination were more than 15 years.

EV effectiveness

Among the 31 varicella cases, 8 (25.81%) were infected before
the EV campaign, and 23 (74.19%) were infected after the
campaign (Figure 1). After EV, the incidence rates were 0.89
cases/1000 person-days, 0.60 cases/1000 person-days, 0.57
cases/1000 person-days and 0.11 cases/1000 person-days
among unvaccinated students, students who received 1 dose
of VarV, students who received EV with the 1** dose of VarV
and students who received EV with the 2° dose of VarV,
respectively (Table 3). Compared to that in unvaccinated stu-
dents, the effectiveness of 1 dose of VarV was 33% (95% CI
—108 to 78), of EV with the 1° dose of VarV was 36% (95% CI

Table 3. Effectiveness of varicella vaccination during the outbreak in School A.

—254 to 88) and of EV with the 2™ dose of VarV was 88% (95%
CI 49 to 97) (Table 3). The incremental VE rates (EV with the
2" dose vs. 1 dose of VarV) were 81% (95% CI 42 to 94) and
(EV with the 2™ dose vs. EV with the 1% dose) 80% (95% CI -8
to 96).

Discussion

In this study, compared to that in unvaccinated students, the
VE of EV with the 2™ dose of VarV in students who had
received one dose of VarV more than 5 years previously was
88%, which was higher than that in students who had received
1 dose of VarV (33%) and received EV with the 1% dose of
VarV (36%). This result may be explained by the fact that the
administration of a 2™ dose of VarV can more effectively
induce protective antibody titers than the administration of
one dose of VarV (99.6% vs. 85.7%)."> As geometric mean
antibody concentrations increase approximately 10-fold fol-
lowing administration of the second dose of VarV in children,
boosting may help students who fail to respond to the priming
immunization to mount a protective immune response.'® In
Germany, a second dose of MMRYV within the second year of
life (66% second-dose coverage) increased vaccine effectiveness
from 62% to 94% in outbreak situations.'” A long-term follow-
up of clinical trials in which 2 doses were given in a short
interval (3 months between doses) showed that 2 doses provide

Varicella vaccination status Number At-risk period Cases Incidence rate (case/1000 person-days) RR (95% Cl) VE% (95% Cl)
Unvaccinated 92 4508 4 0.89 Ref

1 dose of VarV 440 21560 13 0.60 0.67(0.22-2.08) 33(—108 to 78)
EV with 1°* dose of VarV 71 3479 2 0.57 0.64(0.12-3.54) 36(—254 to 88)
EV with 2" dose of VarV 717 35133 4 0.1 0.12(0.03-0.51) 88(49 to 97)

EV, emergency vaccination; VarV, varicella vaccine; RR, relative risk; Cl, confidence interval; VE, vaccine effectiveness.
*Compared with 1 dose of VarV and 1st-dose of EV, the incremental effectiveness of the 2nd-dose of EV was 81% (95% Cl 42 to 94) and 80% (95% Cl —8 to 96),

respectively.



more protection than a single dose and is associated with
higher anti-body titers (and presumably better protection
from varicella)."> The results of this study add to the limited
data regarding the potential benefit of the administration of
a second dose of VarV after exposure in persons who have
previously received one dose of VarV. Additional data are
needed to better understand the benefit of the administration
of a second dose of VarV to one-dose recipients after exposure,
as varicella outbreaks in the school setting have become an
increasing challenge, even with high one-dose VarV coverage.

VarVs are not free in all provinces of China. Children under
12 years of age living in Shanghai were recommended to
receive one dose of varicella vaccine at the age of 12 months
before 2017. Previous studies have shown that vaccine coverage
>85% can effectively prevent outbreaks of infectious diseases.'®
However, some studies reported that protection was incom-
plete even when varicella vaccine coverage reached 88.3-
100%.>'*2° In this study, we found that despite a varicella
vaccine coverage rate of 88.66%, a varicella outbreak still
occurred in this school, probably due to the low effectiveness
of the vaccine. In this outbreak, breakthrough cases accounted
for 61.29% (19/31), and time since vaccination before the out-
break was associated with the onset of varicella. One explana-
tion might be that immunity wanes over time; the initial
response to varicella vaccination is attenuated, and the effec-
tiveness of a one-dose vaccine is reduced over time. This
finding suggested that single varicella vaccination did not
reduce the risk of varicella infection among high-risk children
and was consistent with the results of several previous studies,
including those demonstrating that breakthrough cases were
common during varicella outbreaks.*"** Despite the high VE
of the single-dose varicella vaccine, this vaccine does not pro-
vide sufficient herd immunity to inhibit local VZV transmis-
sion and prevent outbreaks completely.

In 2006, the Advisory Committee on Immunization
Practices (ACIP) of the US revised the varicella vaccine guide-
lines and recommended that children receive the first dose of
VarV between 12 and 15 months of age and the second dose
between 4 and 6 years of age.'® Since the implementation of the
universal two-dose program in the US, reductions in both the
varicella disease burden and the number of outbreaks had been
observed.”>**> Two-dose varicella vaccination schedules have
also been implemented in national immunization plans in
several countries, including Cyprus, Germany, Greece and
Luxembourg. Studies from other countries all suggested that
two-dose varicella vaccination was very effective in preventing
varicella.”*** To assess the safety of two-dose varicella vaccina-
tion, the ACIP analyzed reports of adverse events (AEs) in
children who received a second dose of VarV between 2006
and 2014. The safety data from the ACIP on two-dose varicella
vaccination are reassuring; reported AEs after the second dose
of VarV were mild, self-limiting, and similar in frequency to
AEFs reported after the first dose of the vaccination, with no
new or unexpected safety concerns.”® Studies conducted in
Argentina and India indicated that both one-dose and two-
dose varicella vaccines were safe.””*® The abovementioned
studies clearly showed that two doses of VarV are helpful in
reducing the number of cases and the severity of disease. In our
study, there were no infection cases among students who had
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received two doses of VarV before the outbreak. A second dose
of vaccine may be important not only to prevent breakthrough
varicella and continuous transmission of the virus, but also to
potentially lower the subsequent risk of developing herpes
zoster by decreasing the number of latent infections with wild-
type VZV.** Therefore, we advise evaluating the VE of two-
dose varicella vaccination and revising the immunization sche-
dule in China. The implementation of a two-dose VarV strat-
egy is expected to reduce the number of varicella outbreaks and
protect children’s physical health, as its safety has been stated
clearly.

Fortunately, a voluntary two-dose VarV schedule has been
recommended in Shanghai, China, since November 2017 and
was included in the immunization program of Shanghai in
August 2018. The schedule includes a first dose at 12 months
followed by a second dose at 4 years. Several studies showed
that conducting PEP campaigns during school outbreaks
reduced the attack rate of varicella in school age children,
and the VE of VarV as PEP during school outbreaks was
significant (47.0-85.3%).>%'"!% In addition, the incidence of
varicella decreased by 30.2% after the implementation of VarV
as PEP in Guangzhou, China, in 2012"2. Therefore, the admin-
istration of VarV as PEP is an appropriate varicella outbreak
intervention in countries where a two-dose VarV schedule has
not yet been adopted.

This study is subject to some limitations. The case definition
criterion was based on clinical diagnosis rather than laboratory
confirmation. Additionally, the exposures examined in our
study mainly focused on school contacts, and some transmis-
sion events may have occurred outside the school (for instance,
during after-school activities).

In conclusion, administering a 2"d dose of VarV to students
who have previously received one dose of VarV and the 1%
dose of VarV to students who have no VarV immunization
history are appropriate interventions for outbreak control in
countries where routine two-dose VarV immunization had not
been implemented. We recommend that PEP control measures
should be conducted in schools experiencing varicella out-
breaks to contain transmission. In the future, a cost effective-
ness analysis of EVs will be conducted to provide a basis for
measure optimization. Moreover, the implementation of a two-
dose VarV strategy is expected to reduce the number of var-
icella outbreaks and protect children’s physical health.
Therefore, two-dose varicella vaccination should be included
in the national childhood immunization program.

Abbreviations
EV Emergency Vaccination
PEP Postexposure Prophylaxis

VarV  Varicella Vaccine
VE Vaccine Effectiveness
CI Confidence Interval

RR Relative Risk
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