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We read with interest the response by Lee et al.1 to our previous letter2 on the effectiveness 
of the varicella vaccine in Korea. However, we have found that Lee et al.1 misrepresented 
our simulation analysis and its results presented in our previous letter.2 In addition, we 
have found that in their response, the authors were misleading to suggest that an age-shift 
phenomenon among varicella cases in Korea has occurred with an increasing annual incident 
rate of varicella after the introduction of the one-dose varicella national immunization 
program (NIP) in 2005. In this letter, we explicate and defend our simulation analysis that 
was a key basis for our position that the effectiveness of varicella vaccines in the authors' 
previous case-control study3 may have been considerably underestimated. Also, we contend 
that an age-shift phenomenon among varicella cases has occurred with a decreasing annual 
incidence rate of varicella in Korea, as consistent with the cases in the United States,4 and the 
one-dose varicella NIP program has been effective in containing varicella in Korea.

In our previous letter, we pointed out a possible bias in selecting the control group for the 
authors' case-control study,3 which likely resulted in a significant underestimation of the 
effectiveness of varicella vaccines (e.g., 12% vs. 65-90%). Our simulation in our previous letter 
was intended to examine how the crude effectiveness of varicella vaccines in the authors' case-
control study would have changed if an alternative population-based control group with three 
different vaccination rates (90-97% vs. 78%) had been used as the control group in the authors' 
case-control study. It was not intended to ignore the nature of age-matching in the case-control 
study, although there was little difference in the crude and age-adjusted odds ratios.

Lee et al.1 argued that we misunderstood the age distribution of their study subjects, “heavily 
concentrated near an average of 5.7 years old”1 at the time of their study in 2013. With respect, 
we cannot agree with the authors. We fully understood the age distribution of their study 
subjects and considered that in our simulation analysis. That's why in our simulation analysis, 
we tested not only 95% and 97%, but also 90% as the most conservative estimate of the national 
varicella vaccination rate around the authors' case-control study period. We deemed that the 
national varicella vaccination rate in Korea would be at least 90% in 2007 when most subjects 
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of the authors' study in 2013 were not born or yet eligible for varicella vaccination (12–15 months 
old). It was based on the result in one nationwide case-control study5 that had been conducted 
during 2007–2008 in 212 children (mean age: 5.2 years old; range from 1 year to 14 years). The 
vaccination rate for varicella vaccines in the case-control study during 2006–2007 was already 
above 90% (94% in the case group and 97% in the control group), which was considerably 
greater than 78% reported in the authors' case-control study in 2013.3 In terms of the age 
distribution of study subjects, the case-control study5 and the authors' case-control study were 
similar to each other. Thus, we stand by the results of our simulation analysis in our previous 
letter, supporting the possibility of a significant underestimation of the effectiveness of varicella 
vaccines in the authors' case-control study.

On the other hand, the authors1 said in their response that “…it is identified in common 
for both data that the age peak in the incidence rate has shifted from 4 or 5 to 6 years old, 
although the incidence rate of varicella with the National Health Insurance Service (NHIS) data 
decreased contrary to an increasing trend with the National Notifiable Disease Surveillance 
System (NNDSS) data. The lack of age-shifting phenomenon strongly suggests that the varicella 
vaccination program has not been effective in preventing varicella in Korea.” Although the 
authors' statements about age-shift phenomenon looks contradictory to each other (“shifted…
lack of age-shifting”), it seems like the authors argued for an age-shift phenomenon with an 
increasing incidence rate of varicella in Korea after the varicella NIP program. We disagree with 
the authors on this issue due to the following reasons. The authors' position is largely based 
on the NNDSS data; however, the data include several critical weaknesses (e.g., a substantial 
underreporting of incident varicella until recent years) to be used for monitoring the trend in 
the incidence rate of varicella in Korea as we mentioned in our previous letter and the authors 
partially acknowledged in their response. In addition, Choi et al.6 has reported an age-shift 
phenomenon with a decreasing age-standardized incidence rate of varicella in Korea during 
2003–2015, using the NHIS data. Our analysis using the more recent NHIS data during 2010-
2019 (Fig. 1) also shows an age-shift phenomenon with a decreasing trend in the annual total 
number of varicella cases in Korea. The age-group composition of varicella cases has continued 
to change during 2010–2019: for example, the proportion of varicella cases aged < 5 years has 
decreased twofold, while the proportion of varicella cases aged 10–14 years has increased more 
than twofold. More importantly, this change has occurred with a consistent and significant 
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Fig. 1. Change in age-group composition of varicella cases in Korea during 2010-2019 with a significant reduction 
in the annual total number of varicella cases. Three-year (2010, 2014, and 2019) data from the Korea National 
Health Insurance Service were used. The proportion of the 25+ years old group in each year was very small (≤ 
0.5%) and not presented here for simplicity.



reduction (43%) in the total number of varicella cases over the years. In their response, the 
authors stated a possibility of over-reported varicella cases in the NHIS data. However, in our 
view, it cannot explain a significant decrease trend in the incidence rate of varicella over time 
in the NHIS data unless the possibility of over-reported varicella cases in the NHIS data, if any, 
has increased over time as well. However, to the best of our knowledge, there is no evidence 
for supporting the possibility in the literature. In the United States, the median age of varicella 
cases among vaccinated children increased by three years during 1995–2005 after their national 
one-dose varicella NIP program and during the period, varicella cases have consistently and 
significantly decreased.4 Thus, we think that a similar pattern of age shift phenomenon has 
been indeed observed in Korea after the varicella NIP as in the United States.

We agree with the authors that most of varicella incident cases during recent years in Korea 
are breakthrough cases given the high coverage of varicella vaccination after the one-dose 
NIP program. In a recent longitudinal study with the 2011 birth cohort in Korea,7 the incident 
rate of breakthrough varicella was estimated to be 23.6 per 1,000 person-years. It is generally 
comparable to those (21.7–28.3 per 1,000 person-years) reported in other studies8,9 from 
the United States in which one-dose Oka-strain vaccines were administered. More studies 
with recent birth cohorts in Korea are warranted to examine whether the incident rate of 
breakthrough varicella has further decreased during recent years. And future epidemiological 
and cost-effectiveness studies are urgently needed to discuss and determine a two-dose 
varicella NIP program in Korea.10
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We agree with Choi et al. that there are still unresolved issues on the effectiveness of the 
varicella vaccine in Korea. However, the points we made in the response to their earlier 
correspondence are still applicable to the same extent.1 Since we have previously provided a 
detailed explanation on this issue in our previous author's response, we would like to briefly 
clarify a few additional issues this time.

First, our case-control study2 focused on estimating a universal one-dose varicella vaccination 
program; therefore have not included 2-dose vaccinated subjects in both case and control 
groups. Thus, the varicella vaccination coverage rate may be lower than that of the population 
with corresponding age. On the other hand, the coverage of MMR vaccine in the control 
group was 97.6%, which is also a live attenuated vaccine and usually administered with 
varicella vaccine at the same time. This reflects the selected controls in our case-control study 
were not different from a general population. Therefore, the proposed simulation analysis, 
applying higher than 90% of vaccine coverage, could result in an overestimation of the 
vaccine effectiveness.

Second, Choi et al. have demonstrated the incidence rates among 5-year-interval age groups; 
therefore the age-shift may not be identifiable within National Health Insurance Service (NHIS) 
data. In National Notifiable Disease Surveillance System (NNDSS) data, during 2010-2020, the 
peak age of varicella incidence rate among 1-year-interval age groups has not been shifted and 
remained at 5 to 6 years of age. In the United States, an effective 1-dose varicella vaccination 
brought the peak age from 5 to 9 or 11 during 1995–2004.3 Furthermore, 2-dose vaccinated 
children may raise the incidence rate among children older than 5 to 6-year-old, the peak age.
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Lastly, although the trends in varicella incidence rates in the NHIS data and the NNDSS data 
showed inconsistency, multiple studies to assess the effectiveness of varicella vaccine in 
Korea exploring the NHIS data and NNDSS data have come to the same conclusion.2,4 In the 
cohort study based on the NHIS data, the vaccine failed to protect against varicella with only 
−10.8% (40.8% when propensity score-matched) effectiveness.4 In addition, the estimated 
incidence rate of breakthrough varicella of 23.6 per 1,000 person-years in Korea from a 
recent longitudinal study with the 2011 birth cohort4 is relatively higher than 8.5 per 1,000 
person-years from a meta-analysis on 27 articles investigating one-dose varicella vaccine 
effectiveness in countries such as the United States, China, Taiwan, and Germany.5 However, 
taking the limitation of the surveillance data into account, in the future, it is necessary to 
further investigate the effectiveness of the varicella vaccine in Korea.

Comments and discussions from Choi et al. could help researchers refine and polish this 
critical issue of the Vaccine effectiveness (VE) of the varicella vaccine that was adopted in 
the public program. The debates would also stimulate more efforts on systematic collection 
of high-quality data that overcomes the limitations of NHIS or NNDSS data, provide solid 
evidence on VE in different settings, and help improve national immunization programs. We 
hope to corroborate our previous findings in future studies using such data.
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