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ABSTRACT

Background: Despite high coverage (~98%) of universal varicella vaccination (UVV) in the
Republic of Korea since 2005, reduction in the incidence rate of varicella is not obvious.

The study aimed to evaluate the vaccine effectiveness (VE) of one-dose UVV by timeline and
severity of the disease.

Methods: All children born in Korea in 2011 were included for this retrospective cohort study
that analyzed insurance claims data from 2011-2018 and the varicella vaccination records

in the immunization registry. Adjusted hazard ratios by Cox proportional hazard models
were used to estimate the VE through propensity score matching by the month of birth, sex,
healthcare utilization rate, and region.

Results: Of the total 421,070 newborns in the 2011 birth cohort, 13,360 were matched for
age, sex, healthcare utilization rate, and region by the propensity score matching method. A
total of 55,940 (13.29%) children were diagnosed with varicella, with the incidence rate 24.2
per 1000 person-year; 13.4% of vaccinated children and 10.4% of unvaccinated children. The
VE of one-dose UVV against any varicella was 86.1% (95% confidence interval [CI], 81.4-89.5)
during the first year after vaccination and 49.9% (95% CI, 43.3-55.7) during the 6-year follow-
up period since vaccination, resulting in a 7.2% annual decrease of VE. The overall VE for
severe varicella was 66.3%. The VE of two-dose compared to one-dose was 73.4% (95% CI,
72.2-74.6).

Conclusion: We found lower long-term VE in one-dose vaccination and waning of
effectiveness over time. Longer follow ups of the vaccinated children as well as appropriately
designed studies are needed to establish the optimal strategy in preventing varicella in Korea.

Keywords: Chickenpox Vaccine; Immunity, Heterologous; Varicella Zoster Virus Infection;
Cohort Studies; Vaccine
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INTRODUCTION

Varicella is a highly contagious acute infectious disease caused by the varicella-zoster virus.1,2
Varicella frequently attacks children between 4 to 6 years old, causing various complications.3
Introduction of varicella vaccination into the national immunization program reduced
varicella burden of disease in many countries.

Previously, vaccine effectiveness (VE) of varicella vaccines showed a wide range of results,

and methods of the estimation varied by study due to lack of follow-up data.410 Few

previous studies revealed VE through a follow-up cohort considering medical utilization,
which can be heterogeneous, resulting in the difference in vaccination rate.1! Also, VE on
complicated varicella infection may differ from the overall varicella infection since subclinical
manifestations of varicella infection occasionally do not require medical attention.12

Varicella vaccine was first introduced in 198813 and it was included in the National
Immunization Program (NIP) in Korea since 2005.14 The universal varicella vaccination
(UVV) with one-dose is recommended to all children between 12 to 15 months.15,16 Although
the vaccine coverage rates are generally over 97% in Korea, national notifiable diseases
surveillance system reported that the incidence of varicella continues to increase,!7 adding
substantial disease burden to the public health health.18

Therefore, it is important to assess the VE of UVV with one-dose in Korea and address

the public health implication with regard to vaccination strategy. In this study, we aimed

to evaluate the VE in a retrospective cohort using the insurance claims data and the
immunization registry information from 2011-2018 by adjusting for major characteristics of
the vaccinated and unvaccinated population in a country where UVV coverage is estimated
higher than 97% nationwide.

METHODS

Study population and data sources

All newborns in Korea from January 1, 2011 to December 31, 2011 were included in the study
population. The annual birth cohort of the corresponding year was 470,000 newborns.
Demographic characteristics of children such as date of birth, sex, and address were obtained
from the National Health Insurance System (NHIS), which is a single insurer that covers over
97% of the Korean population.14:19 All medical claims are reviewed by the Health Insurance
Review and Assessment Service (HIRA), using admissions and diagnoses data submitted to
the NHIS.

We used the data from the National Immunization Registry, which contains the vaccination
status and detailed information such as the vaccination dates and vaccination counts of all
children (0-12 years old) receiving vaccines in Korea, obtained from the Korea Centers for
Disease Control and Prevention Agency (KDCA). The vaccination status of the cohort was
then linked to the medical claims data of HIRA with de-identified personal information. We
followed the International Committee of Medical Journal Editors (ICMJE) recommendations
throughout the study.20
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Total cohort born in 2011
(476,809 newborns)

Excluded from analysis:

1) Recorded vaccinations under 12 months: 6,029

92) Those whose first vaccination period is not 12-15 months: 35,791

3) Those whose tertiary vaccination status is coded: 54

4) Those whose secondary vaccination period is not 4-6 years old: 11,905
5) Immunocompromised: 1,960

Study population for the analysis: 421,070 people

Fig. 1. Included study population for the evaluation of the varicella vaccine effectiveness in Korea.

Study design and inclusion criteria

All children born in 2011 were eligible for the study population. Among them, children who
did not receive varicella vaccination between 12 to 15 months old, received more than three-
doses in total or two-doses within a 4-week window, and immunocompromised children
(Supplementary Table 1) were excluded from the analysis (Fig. 1).

The included study population were followed-up until the endpoint of the cohort (December
31, 2018). Based on the 10" revision of the International Statistical Classification of Diseases
and Related Health Problems (ICD-10), a primary outcome was selected as the diagnosis of
varicella (ICD-10: BO1). The secondary outcome was diagnosis of severe varicella, which was
defined as including people who experienced one or more of the following: 1) admitted to
hospital due to varicella, 2) prescribed for acyclovir to treat varicella, or 3) had complications
due to varicella: varicella meningitis, varicella encephalomyelitis, varicella pneumonia,
varicella keratitis, other varicella complications (ICD-10: BO10, B0O11, B0O12, BO180, and
BO0188, respectively).

The breakthrough infections, which were defined as the occurrence of varicella more than 42
days after the vaccination, were included for the evaluation of the incidence.2!

Statistical analysis

Frequencies of varicella and severe varicella were measured by vaccination status over

time. Crude incidence density and incidence rate ratio of varicella and severe varicella

were calculated. In the setting of high vaccination coverage rate (> 95%), we chose to apply
propensity score matching (PSM) to compare the VE of the vaccines in order to minimize
the risk of selection bias.22 The propensity score consisted of: month of birth, sex, region
of address by SIDO, and frequency of out-patient visits per year. The mean propensity score
were 0.97 (standard deviation [SD], 0.01) in the vaccinated group and 0.98 (SD, 0.02) in
the unvaccinated group. All unvaccinated cases were 1:1 matched for randomly sampled
vaccinated group with the nearest neighbor match method.23:24 VE was calculated as
(1-hazard ratio)*100, which was estimated by the Cox proportional hazard models.25 We
checked the linearity and proportionality by the log-cumulative hazard plots and Shoenfeld
residuals in each model.26 In addition, we estimated cumulative VE by year during a

6-year follow-up to estimate the long-term protective effect of the vaccine. The population
who received the two-dose vaccination between 4 to 6 years old were compared with the
population who received only primary vaccination by the same methods. All statistical
methods were performed by SAS 9.4 software (SAS Institute Inc., Cary, NC, USA).
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Ethics statement

The institutional review board (IRB) of the Seoul National University Hospital approved

this study to conduct under the exemption of IRB review (IRB No. 1809-064-971). Informed
consent was waived since we used secondary de-identified data from the KDCA and HIRA as
a part of public health research.

RESULTS

Total vaccination rate and incidence of varicella

Among 421,070 births in 2011, 97.5% (410,393) received at least one-dose of varicella vaccines.
Of the total, 13.3% (55,940) had diagnoses of varicella during the follow-up period. An average
follow-up period was 5.5 years per person, resulting in a varicella incidence of 24.2 per 1,000
person-year in total. Severe varicella occurred in 0.98% (total n = 4,132; 3,449 complicated
varicella, 700 hospitalizations, and 240 acyclovir prescriptions). Among the vaccinated
population, 26.7% (108,797) received second-dose vaccinations at 4 to 6 years of age.

Demographics of the study population

Table 1 shows the demographic characteristics of the studied cohort by vaccination status.
After adjusting for age, sex, and region, the mean of out-patient visit for the unvaccinated
group was significantly lower (7.69 per year; SD, 11.90) than the vaccinated group (26.39 per
year; SD, 12.78; Table 1). After propensity score matching to estimate the VE of varicella,
demographics of unvaccinated and vaccinated group were matched (Supplementary Table 2).

Incidence of varicella and severe varicella

During the studied period, vaccinated group showed higher frequency of varicella diagnosis
compared to unvaccinated group (13.4% vs. 10.4%, Table 1), whereas severe varicella was more
frequent in the unvaccinated group than in the vaccinated group (1.3% vs. 0.97%, Table 1). The

Table 1. Demographic characteristics and varicella infection frequencies of a vaccinated and unvaccinated population

Factors Unvaccinated Vaccinated Total
Month of birth
o1 991 (2.4) 40,089 (97.6) 41,080 (9.7)
02 826 (2.5) 32,618 (97.5) 33,444 (7.9)
03 919 (2.4) 37,394 (97.6) 38,313 (9.1)
04 865 (2.4) 35,181 (97.6) 36,046 (8.6)
05 949 (2.7) 34,183 (97.3) 35,125 (8.3)
06 878 (2.6) 32,525 (97.4) 33,403 (8.0)
07 938 (2.7) 33,521 (97.3) 34,459 (8.2)
08 852 (2.4) 34,748 (97.6) 35,600 (8.5)
09 993 (2.6) 34,026 (97.4) 34,949 (8.3)
10 854 (2.5) 33,453 (97.5) 34,307 (8.2)
1 812 (2.4) 39,540 (97.6) 33,352 (8.0)
12 877 (2.8) 30,115 (97.2) 30,992 (7.4)
Total 10,677 (2.5) 410,393 (97.5) 421,070 (100.0)
Sex
Male 4,601 (52.1) 210,394 (51.3) 914,995 (51.3)
Female 4,997 (47.9) 199,967 (48.7) 204,194 (48.7)
Out-patient visits per year (SD) 7.69 (11.9) 26.39 (12.8) 26.00 (13.0)
Any varicella? 1,110 (10.4) 54,830 (13.4) 55,940 (13.3)
Severe varicella® 134 (1.3) 3,998 (1.0) 4,132 (1.0)

SD = standard deviation, OR = odds ratio, Cl = confidence interval.
*OR, 1.33 (95% Cl, 1.25-1.42), P < 0.001; "OR, 0.77 (95% Cl, 0.65-0.92), P = 0.004.
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incidence density of breakthrough varicella was 23.3 (95% confidence interval [CI], 23.1-23.4)
per 1,000 person-year. The incidence of varicella in the unvaccinated group was 13.7 (95% CI,
13.0-14.5) per 1,000 person-year. The mean age at infection was 2.0 (SD, 1.62) years old in the
unvaccinated group and 4.3 (SD, 1.85) years old in the vaccinated group.

Varicella Vaccination Effectiveness in Children

VE and its waning immunity

Table 2 describes the overall VE after matching the propensity score by the month of birth,
sex, out-patient visits per year, and region. During the first year from vaccination, the overall
VE was 86.1%, but it decreased to 62.6% at four years and further to 49.9% at six years from
vaccination. The VE for severe varicella was 80.4% in the first vaccinated year and decreased
to 66.3% after six years following vaccination (Supplementary Table 2). The VE trend over
time is shown in Fig. 2.

Waning immunity of a varicella vaccination by timeline
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—— By severe varicella 80.4 80.0 78.8 68.9 69.2 66.3

Fig. 2. Waning immunity of varicella vaccination by any varicella infection and severe varicella infection. Vaccine
effectiveness (%, the y-axis) decreases by follow-up time (year, the x-axis) cumulates. Propensity score matched
by the month of birth, sex, regions of address, and frequency of out-patient visits per year.

Table 2. Estimated vaccine effectiveness? by any varicella or severe varicella®

Follow-up year Any varicella Severe varicella
Frequency, % Vaccine effectiveness, % Frequency, % Vaccine effectiveness, %
(unvaccinated/vaccinated) (95% CI) (unvaccinated/vaccinated) (95% CI)

1 381/65 (5.91/0.97) 86.1 (81.4-89.5) 46/9 (0.69/0.13) 80.4 (60.0-90.4)

2 489/130 (7.59/1.95) 76.9 (71.6-81.2) 60/12 (0.90/0.18) 80.0 (62.8-89.2)

3 577/194 (8.95/2.91) 71.5 (66.1-76.1) 66/14 (1.00/0.21) 78.8 (62.2-88.1)

4 659/287 (10.92/4.3) 62.6 (56.6-67.8) 74/23 (112/0.34) 68.9 (50.4-80.5)

5 743/378 (11.53/5.66) 55.4 (49.1-61.0) 79/25 (1.19/0.37) 69.2 (51.4-80.5)

6 894/469 (12.79/7.03) 49.9 (43.3-55.7) 85/29 (1.28/0.43) 66.3 (48.2-78.0)

Total 862/515 (13.37/7.71) 48.3 (41.7-54.2) 86/30 (0.65/0.23) 65.1 (46.7-77.1)

Propensity score matched vaccinated group was compared to the unvaccinated group. The month of birth, sex, regions of address, and frequency of out-patient
visits per year was used for the propensity score calculation.

avaccine effectiveness is estimated via (1-hazard ratio)*100 (%); "Severe varicella was defined as including people who experienced one or more of the following:
1) admitted to hospital due to varicella, 2) prescribed for acyclovir to treat varicella, or 3) had complications due to varicella: varicella meningitis, varicella
encephalomyelitis, varicella pneumonia, varicella keratitis, other varicella complications (10" revision of the International Statistical Classification of Diseases and
Related Health Problems: BO10, BO11, BO12, BO180, and BO188, respectively).
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VE of two-dose varicella vaccination

Among the vaccinated population, 2,233 (2.11%) of the two-dose vaccinated group and
23,192 (8.42%) of the one-dose vaccinated group were diagnosed with varicella. The VE
of two-dose vaccination compared to the one-dose-only vaccination was 73.4% (95% CI,
72.2-74.6), after being adjusted for month of birth, sex, region, and healthcare utilization.
Adjusted two-dose VE for severe varicella was 61.4% (54.0-67.6).

DISCUSSION

In this study, we found a substantial incidence density of breakthrough varicella of 23.3 per
1,000 person-year (95% CI, 23.1-23.4). In a pooled analysis of breakthrough infection, the
incidence rate of breakthrough varicella for one-dose vaccination was 8.5 cases per 1,000
person-year (95% CI, 5.3-13.7) and 2.2 cases per 1,000 person-year (95% CI, 0.5-9.3) for two-
dose vaccination.?’ Through estimating the incidence density, we attempted to present more
informative results on varicella by comparing the frequency of varicella in two groups, which
was 13.4% in vaccinated group and 10.4% in unvaccinated group.

Breakthrough varicella is likely associated with time-lapse since vaccination, as demonstrated
in a previous study that showed higher risk at 5 and 6 years of age among the vaccinated
children (P < 0.001).28 This is in line with our finding that varicella VE has decreased over
time from 86.1% to 49.9% during the six-year observation period in Korea. The serial
decrease in VE by outcome, any varicella and severe varicella, indicates possible waning
immunity of the vaccine.29 Concerns about vaccine failure due to waning immunity were
suggested by previous studies of specific vaccine types or population cohorts.3033 In this
study, considering the mean age of varicella was older in the vaccinated population, the
waning immunity may be the result from secondary vaccine failure.3435 Moreover, the
reason for the possibility of the waning immunity could originate from not only population
outbreaks but also from the vaccine itself.36,37 Therefore, a thorough analysis of the overall
process of vaccine development, production, transportation, and storage is strongly required
to resolve this issue. Cumulative VE over time since the vaccination is important because the
target age should match the main infected age of varicella to control outbreaks. In addition,
cumulative VE can help predict the loss of protection and determine the optimal timing of
second dose vaccination. In studies conducted in the United States3® and Germany,39 the VE
declines over time, and for this reason, discussion of the two-dose strategy began.

We also found higher VE of second-dose vaccination, which was in line with reports from
the U.S., Europe, and Asia.33,3841 Earlier studies showed a decline in incidence with the
introduction of a two-dose program49:42 or a decreased occurrence of outbreaks,16:43 but the
actual effectiveness compared to the single-dose vaccine group was rarely studied. In this
study, the effectiveness of secondary vaccination was estimated with consistency, enabling
comparison with the primary-only vaccinated group. Also, we were able to suggest ideal
timing of second-dose varicella vaccination since the estimated decrease of VE by year was
presented. Our data suggest the optimal timing of second-dose vaccine needs to be further
investigated, given the rapid decline of the VE between three to four years after the first-dose
vaccination.44,45 With the consideration about the cost-effectiveness of two-dose vaccination
strategy in Korean context,46 the recommended timing of second-dose vaccination should be
considered according to this epidemiologic finding.
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However, one important question is if there are differences in waning immunity by the
varicella vaccine type. Our study results demonstrated that waning immunity soon facilitate
discussion about change to two-dose policy in Korea. Before doing this, the VE should be
measured by the vaccine type. Four different varicella vaccine types were available to the

2011 birth cohort. PSM analysis cannot be applied for the analysis of VE by the vaccine type
because each vaccine type must be matched separately for PSM analysis. After matching birth
months, sex, geographic region, and the number of healthcare visits, VE by the vaccine type
was analyzed in the retrospective cohort. In the retrospective cohort analysis, we found one
specific vaccine type showed a significant higher incidence rate of breakthrough varicella
(27.09/1,000 person-year) than the remaining three vaccine types (16.95-18.57/1,000 person-
year). Among four vaccine types, the vaccine that contains MAV strain showed the highest
incidence, while three remaining vaccine types that contain Oka strain had lower rates,4748
indicating potential difference in VE between strains.

There are some limitations to this study. Firstly, the cohort consisted of newborns in 2011,

so we cannot exclude possible cohort effects of vaccination trends since all participants
received varicella vaccination during a similar period. Although the long-term follow-up

and the estimation from secondary vaccination, which had a wide range of vaccinated dates
(2015 to 2017), can indirectly reflect the vaccination trends in Korea, further cohort studies
with longer enrollment periods are needed for confirmation. Second, since the secondary
vaccination was evaluated by the data in the immunization registry of NHIS, the effectiveness
of secondary vaccination might have been underestimated due to missing data for the
secondary vaccination rate. Fortunately, the direction of the effectiveness would not change
due to the possibility of a differential misclassification.49 To minimize the risk of misleading,
we used the PSM method to adjust for sociodemographic factors which could affect the
vaccination status.11,50 Third, because varicella appears to be a relatively mild clinical
manifestation, not all people with varicella visit medical institutions.12,51 Because of this, it
is possible that the varicella record of the unvaccinated person may have been omitted from
the claims data, which was adjusted in our analyses. However, since we defined the presence
of immunosuppression by using diagnostic code, and it was indeed challenging to include
children taking immunosuppressant drugs from our research scheme.52

Despite these limitations, our study extends previous findings reported from other
continents with different settings in the US and Europe, that varicella VE wanes over time,
and the two-dose vaccination provides additional protection compared to the one-dose
vaccination. The large cohort comprising more than 470,000 children gives larger power

to the estimated VE at a national level. In countries where vaccination rates are maintained
above 95%, the unvaccinated children group may not be a representative population.
Therefore, it is imperative to take this into account when evaluating the effectiveness of a
vaccine with a retrospective cohort design in countries with an extremely high vaccination
rate. Through the methodologic novelty, we were able to calculate VE in the population with
high vaccine coverage in a comprehensive way.

In conclusion, we found lower long-term VE of one-dose UVV and waning of effectiveness

over time. Longer follow ups of the vaccinated children as well as appropriately designed
studies are needed to establish the optimal strategy in containing varicella in Korea.
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SUPPLEMENTARY MATERIALS

Supplementary Table 1
Definitions of underlying immunocompromised conditions according to the ICD-10

Click here to view

Supplementary Table 2
Demographic characteristics of vaccinated and non-vaccinated group after propensity score
matching for the estimation of varicella vaccine effectiveness

Click here to view
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