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With continuing occurrence of varicella despite increasing vaccine coverage for the past 20 years, a case-based study, a case-control
study, and an immunogenicity and safety study were conducted to address the impact of varicella vaccination in South Korea. Varicella
patients under the age of 16 years were enrolled for the case-based study. For the case-control study, varicella patients between 12
months and 15 years of age were enrolled with one control matched for each patient. For the immunogenicity and safety study, other-
wise healthy children from 12 to 24 months old were immunized with Suduvax (Green Cross, South Korea). Fluorescent antibody to
membrane antigen (FAMA) varicella-zoster virus (VZV) antibody was measured before and 6 weeks after immunization. In the case-
based study, the median age of the patients was 4 years. Among 152 patients between 1 and 15 years of age, 139 children received vari-
cella vaccine and all had breakthrough infections. Clinical courses were not ameliorated in vaccinated patients, but more vaccinated
patients received outpatient rather than inpatient care. In the case-control study, the adjusted overall effectiveness of varicella vaccina-
tion was 54%. In the immunogenicity and safety study, the seroconversion rate and geometric mean titer for FAMA antibody were
76.67% and 5.31. Even with increasing varicella vaccine uptake, we illustrate no upward age shift in the peak incidence, a high propor-
tion of breakthrough disease, almost no amelioration in disease presentation by vaccination, and insufficient immunogenicity of do-
mestic varicella vaccine. There is need to improve the varicella vaccine used in South Korea.

Varicella caused by varicella-zoster virus (VZV) is a highly in-
fectious disease, and the secondary attack rates may reach up

to 90% for susceptible household contacts. In South Korea, a live
attenuated Biken Oka strain varicella vaccine was first introduced
in 1988, and since then a few more imported and domestic vac-
cines have been on the market for different lengths of time.
Among the few domestic vaccines which were developed in the
early 1990s, only Suduvax (Green Cross, South Korea) is currently
on the market and is the most popular varicella vaccine in South
Korea. With the increase of varicella vaccine coverage in South
Korea, varicella became a nationally notifiable disease, and the
vaccine was mandated for universal immunization at government
expense in 2005; routine varicella immunization for infants at 12
to 15 months of age was recommended. These measures should
have reduced the burden of varicella in South Korea. However, the
nationwide occurrence of varicella has not decreased substan-
tially, unlike the successful experience in other countries (1–5).
We report a short-term case-based study, a case-control study,
and an immunogenicity and safety study to evaluate the effective-
ness of varicella vaccination in South Korea.

MATERIALS AND METHODS
A case-based study was conducted prospectively from August 2006 to
March 2007, when 176 children with varicella who were younger than 16
years of age were recruited from eight hospitals located in Seoul and one
hospital each in Gyeonggi-do, Chungcheongnam-do, and Jeonbuk-do in

South Korea. The enrolled patients were not particularly selected but were
enrolled in the order of diagnosis at each participating hospital with pa-
rental or legal-guardian consent. Demographic characteristics, social his-
tory, varicella vaccination (the date, the site, and the product’s name),
patient disposition (outpatient care versus hospitalization), clinical pre-
sentation (fever, chills, malaise, toxic looking, irritability, poor oral in-
take, pruritus, headache, cough, rhinorrhea, conjunctival injection, pha-
ryngeal injection, lymphadenopathy, abnormal chest auscultation
findings, abdominal pain, back pain), various characteristics of rash (on-
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set, pruritus, course, site, number, and duration), and complications, in-
cluding secondary bacterial infection of the lesion, hemorrhagic varicella,
pneumonia, cellulitis, necrotizing fasciitis, thrombocytopenia, invasive
group A streptococcal infections, bacteremia/sepsis, cerebellar ataxia, en-
cephalitis, dehydration, Reye syndrome, other neurological conditions,
and death, were obtained. For assigning patients into four groups accord-
ing to the number of skin rashes, each parent or guardian was asked
whether the child had numerous lesions. When the answer was “not
many,” each parent or guardian was asked whether the child had �50
lesions, and if the answer was no, investigators went on to ask in sequence
to �500 lesions. When a parent or guardian answered the child had nu-
merous lesions, investigators asked whether the child had �500 lesions,
and if the answer was no, we proceeded to ask in sequence to �50 lesions.
As the study continued, members of research teams in collaborating hos-
pitals had communicated better with parents or guardians who seemed to
follow the instructions well. Mother and father were also asked whether
any of them missed work for the patients and the duration of missing
work. Parents or guardians were asked to subjectively interpret the sever-
ity of varicella by choosing one of the three categories of very severe,
moderately severe, and mild. Past medical history revealed asthma in 5
patients, atopic dermatitis in 5 patients, and bronchiolitis in one patient.
Vaccination was verified by checking immunization records or directly
contacting the health care providers in 69.4% of the study subjects. A case
of varicella was defined as an acute, generalized, maculopapulovesicular
rash without other apparent cause (6). Breakthrough disease was defined
as varicella that occurred more than 42 days after vaccination (7).

A case-control study was conducted prospectively from September
2007 to March 2008 at six hospitals located in Seoul, two hospitals in
Gyeonggi-do, and one hospital in Pusan. The case group consisted of
healthy children between 12 months and 15 years of age in whom varicella
was diagnosed in the participating study hospitals. The enrolled patients
were not particularly selected but were enrolled in the order of diagnosis at
each participating hospital with parental or legal-guardian consent. For
each child with varicella, one control matched by age (within 3 months)
was selected at the participating hospitals. Demographic characteristics,
social history, varicella vaccination status (the date, the site, the product’s
name), the date of measles, mumps, rubella (MMR) vaccination, and
patient disposition (outpatient care versus hospitalization) were col-
lected. Among the varicella group, 2 patients had a history of asthma, 1
patient had a history of acute bronchiolitis, and 1 patient had atopic der-
matitis. Vaccination was verified by checking immunization records or
directly contacting the health care providers for 66.0% of the case group
and 72.6% of the control group. Cases of varicella and breakthrough dis-
ease were defined as described above.

An immunogenicity and safety study was conducted from September
2008 to November 2009 in children recruited from three hospitals each in
Seoul and Gyeonggi-do, two hospitals in Incheon, and one hospital in
Gyeongsangnam-do in South Korea. Entry criteria were as follows: age of
12 to 24 months; no clinical history of varicella; no history of neoplasia,
current steroid use, or other immunosuppression in the child or siblings;
no exposure to varicella within the past 4 weeks; no administration of
vaccine or immunoglobulin within 1 month before the varicella vaccine
was given; and no previous diagnosis of Kawasaki disease. Each study
subject was vaccinated with a single dose of Suduvax (greater than 1,350
PFU/dose, varicella virus vaccine, live, attenuated [MAV/06], lyophilized;
Green Cross, South Korea). Blood samples were obtained before and 6
weeks after immunization in each subject. Any local or systemic adverse
events during the first 7 days following vaccination were collected by
telephone interviews, and a daily diary card was given to each parent or
guardian to record any symptoms of illness for 4 weeks, during which time
the parent or guardian was asked to take the child’s temperature daily. If
parents or guardians reported rash or fever, a complete examination was
performed by a physician. Fluorescent antibody to membrane antigen
(FAMA) assay was performed using previously described methods with
minor modification (8, 9). Briefly, heat-inactivated serum samples were

diluted serially in 2-fold aliquots (from 1:2 to 1:128 of each sample) in
96-well U-bottom plates (Nunc, Inc., Roskilde, Denmark), to which un-
fixed VZV-infected MRC-5 cells were added and incubated at room tem-
perature for 30 min. Following incubation, fluorescein-5-isothiocyanate
(FITC)-conjugated goat IgG fraction to human IgG (Cappel, Inc., Ohio,
USA) was added to the washed cell pellets and incubated for 1 h. Mem-
brane fluorescence was read under the fluorescence microscope (Micro-
scope Research digital camera, Axioskop 40 Axiocam Mrc5; Carl Zeiss,
Inc., Goettingen, Germany). A bright fluorescent ring around the surface
of cells was graded on a scale of 1� to 4� on the basis of width and
intensity. Grade 1 was defined as cells with specific but vague fluorescent
staining, grade 2 as specific and weak fluorescence, grade 3 as bright and
specific fluorescence, and grade 4 as a thick, brilliant fluorescent mem-
brane. Damaged cells with cytoplasmic fluorescence and no distinct mem-
branous fluorescence were regarded negative. Grade 2� or greater fluo-
rescence is considered seropositive. Diluted anti-VZV antibody (3 � 10�3

IU/ml; National Institute for Biological Standards and Control, Hertford-
shire, United Kingdom) was used as a grade 2 positive standard, and
phosphate-buffered solution was used as a negative standard for the
FAMA assay. In addition, the FAMA assay was regarded as reliable when
the FAMA titer of a seropositive adult serum, for which the FAMA anti-
body titer is known, had a variation in the �2-fold range. Seropositivity of
the FAMA assay was defined by a positive fluorescence at a serum dilution
of 1:4 or greater.

Each participating center received institutional review board approval
before initiation of the studies, and written informed consents were ob-
tained from the parent or legal guardian of each patient and control before
enrollment.

Statistical analysis was done by using a chi-square test to compare
categorical variables, including sex distribution, weekday location, char-
acteristic rash, fever, illness severity as reported by parents, and parents’
missed work, by using a Mann-Whitney U test to compare continuous
variables, including age distribution and number of days with rash, by
using an age-adjusted Cochran-Mantel-Haenszel test to compare the pro-
portion of inpatient care and outpatient care between vaccinated varicella
patients and unvaccinated varicella patients, by using McNemar’s test to
compare between varicella group and control group for the rate of vari-
cella vaccination, MMR vaccination, and varicella vaccination within 28
days of MMR vaccination, and by using a paired t test to compare age at
varicella vaccination between the varicella group and the control group.
The odds ratio for vaccination with 95% confidence intervals in the case-
control study was calculated by unconditional logistic regression analysis
adjusted for the effects of potential confounders as sex, age, the confirma-
tion method of vaccination, and the duration between varicella vaccina-
tion and onset of varicella (date of control enrollment) in the varicella
group (control group). The effectiveness of the vaccine was calculated as 1
minus the odds ratio. Results were considered statistically significant if the
P value was �0.05. Data were analyzed with SAS version 9.1 (SAS Insti-
tute, Inc., Cary, NC).

RESULTS
Case-based study. One hundred and seventy-six children with
varicella younger than 16 years of age were enrolled in the study.
Among the study groups, 80 subjects (45.5%) were girls and 19
subjects (11.1%) were younger than 1 year of age. The largest
number of the patients belonged to the 1-to-4-years age group,
with the mean age of 4.6 � 3.2 years and median age of 4 years. The
number of enrolled patients was the lowest in the first month of
the study in August 2006, increased to the highest in January 2007,
and then decreased as the end of the study was reached in March
2007.

Among 152 varicella patients who were 1 year of age or older,
139 patients (91.4%) had been vaccinated; 143 patients were cared
for at the outpatient clinics and the rest were hospitalized. The
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median age at varicella vaccination was 13 months (mean, 1.13 �
0.29 years), and the median time from vaccination to the onset of
disease was 3 years (mean, 3.98 � 2.91 years). The varicella vacci-
nation rate among varicella patients in out-of-home care was
94.4% (118 of 125 patients), and the rate among varicella patients
cared for at home was 76.9% (20 of 26 patients). The proportion
of breakthrough infection was 91.4% among patients older than
11 months of age and was not different among various age groups.

Varicella rashes appeared predominantly on the trunk
(91.3%), scalp (89.1%), upper extremities (70.7%), lower extrem-
ities (70.1%), and the oral cavity (19.6%) and consisted of vesicles
(84.2%), papules (84.2%), macules (83.3%), crust (77.4%), pus-
tules (33.3%), and petechiae (2.2%). The most common clinical
presentation other than skin rash was pruritus followed by fever,
poor oral intake, cough, and rhinorrhea, but there was no differ-
ence between the vaccinated group and the nonvaccinated group.
The severity of the disease in vaccinated patients was not statisti-
cally different from that in unvaccinated patients for the appear-
ance, duration, extent in distribution, and the number of skin
lesions, fever, and the number of parents who had missed work.
However, parents of vaccinated varicella patients appraised the
illness less seriously than parents of unvaccinated patients and had
their children cared for more in the outpatient clinics (Table 1).
All the study patients survived. Comparison of clinical character-
istics in enrollees of four distinct geographic regions of the partic-
ipating hospitals did not show a difference.

Case-control study. One hundred and thirty-five varicella pa-
tients younger than 16 years of age were enrolled, their mean age
was 4.8 � 3.2 years, and varicella vaccination coverage rate was
91.7% in patients older than 1 year of age. Breakthrough varicella
was confirmed in 82.2% of all enrolled varicella cases, and all of the
vaccinated varicella cases were breakthrough infection. One con-
trol was matched for each of 106 patients; 103 patients were cared
for in the outpatient clinics, and the remaining three patients were
hospitalized in participating institutions. The name of the vari-
cella vaccine product was provided in 48.1% (51 subjects) of 106
varicella patients and in 51.9% (55 subjects) of 106 controls. Vari-
cella vaccination rates were above 90% for both case and control
groups. The proportions of subjects younger than 15 months of
age who received varicella vaccine were not different in the two
groups, and the proportion of subjects who received varicella vac-
cine within 28 days of MMR vaccination was greater in the control
group than in the case group (Table 2). The effectiveness of vari-
cella vaccination was 54%, with an adjusted matched odds ratio of
0.46 (95% confidence interval, 0.10 to 2.05). Each subject of both
groups received one of eight varicella vaccine products: four do-
mestic ones, Suduvax (Green Cross; 22 cases and 27 controls),
Suduvaccine (Cheil Jedang [CJ]; 10 cases and 4 controls), Varim-
mune (SK Chemicals Co.; 3 cases and 10 controls), and Varicella
Kovax (Korea Vaccine; 2 cases and 2 controls); and four imported
ones, Varilrix (GlaxoSmithKline [GSK]; 8 cases and 7 controls),
Vari-L (Changchun Institute of Biological Products, 3 cases and 2
controls), Biken (Biken Institute; 2 cases and 3 controls), and
Varivax (Merck Sharp & Dohme Corp. [MSD]; 1 case). The pro-
portions were not statistically different between the two groups.

Immunogenicity and safety study. A total of 126 healthy chil-
dren were vaccinated with a single dose of Suduvax (Green Cross,
South Korea). Four children lost for follow-up and two children
with positive prevaccination FAMA titers were excluded from fur-
ther analysis. Of the remaining 120 children, the seroconversion

rate and geometric mean titers for FAMA antibody were 76.67%
and 5.31, respectively (Tables 3 and 4). Adverse reactions were
analyzed for a total of 126 children. Local adverse reactions were
observed in 16 children (12.7%), including 12 cases of erythema, 4
cases of swelling, 6 cases of tenderness, and 3 cases of petechiae.
Systemic adverse reactions were observed in 15 children (11.9%),
including 12 cases of fever, 2 cases of chills, 3 cases of lassitude, and
3 cases of rash which didn’t look like varicella. Serious adverse
events occurred in three children (2, rotaviral enteritis; 1, acute
pharyngitis) but were not judged to be vaccine related.

DISCUSSION

A live attenuated varicella vaccine began to be developed in Japan
in 1974. Biken Oka strain varicella vaccine has been recommended
for susceptible children in Japan since 1986 and in South Korea

TABLE 1 Characteristics of children with varicella according to
vaccination statusj

Clinical characteristic

Value

P value

Vaccinated
patients
(n � 139)

Unvaccinated
patients
(n � 13)

Age (mo)
Mean � SD 4.63 � 2.89 3.85 � 3.16 0.2264i

Median 4 3
Range (min–max) 1–14 1–9

No. (%) of females 67 (48.2) 4 (30.8) 0.2598

No. (%) with a weekday
location of:

0.0411

Day care 84 (60.9) 4 (30.8)
School 29 (21.0) 3 (23.1)
Home 20 (14.5) 6 (46.1)
Cramming school 5 (3.6) 0 (0.0)

Median no. of days with rash
(range)

5 (1–24)a 6 (4–14)b 0.0547i

No. (%) with lesions
�50 65 (47.4)c 4 (30.7) 0.4606
50–249 56 (40.9) 7 (53.8)
250–499 13 (9.5) 1 (7.7)
�500 3 (2.1) 1 (7.7)

No. (%) with itchy rash 94 (68.1)d 9 (69.2) 0.9342
No. (%) who developed scabs 104 (74.8) 11 (84.6) 0.4313
No. (%) with fever 24 (17.2) 3 (23.0) 0.6001
No. (%) with a moderate

illness severity reported
by parents

62 (50.0)e 10 (83.3)f 0.0026

No. (%) with parents who
missed work

8 (6.0)g 1 (7.6)

No. (%) cared for at
outpatient clinics

133 (95.6) 10 (76.9) 0.0079h

a For vaccinated patients, total n � 124.
b For unvaccinated patients, total n � 11.
c For vaccinated patients, total n � 137.
d For vaccinated patients, total n � 138.
e For vaccinated patients, total n � 124.
f For unvaccinated patients, total n � 12.
g For vaccinated patients, total n � 133.
h Cochran-Mantel-Haenszel test was used.
i P value was obtained by a Mann-Whitney U test, and the rest of the P values were
obtained by a chi-square test.
j Clinical severity was not available for all cases.
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since 1988. Worldwide, varicella vaccine has currently been rec-
ommended as a universal vaccination in approximately a dozen
countries, a few of which have also implemented a routine two-
dose schedule (10). The United States is the first country that
endorsed Varivax (Merck/Oka varicella vaccine) in 1995 for rou-
tine universal childhood immunization. Ten years of implemen-
tation of the 1-dose vaccination program caused the varicella in-
cidence to decline by 90%, the peak age to be shifted from 4 to 5
years to �10 years, significant declines of varicella-related hospi-
talization (VRH) and complications during VRH, and a sharp
decline in the rate of death due to varicella (11–13). Despite an
effective vaccination program, report of breakthrough varicella of
much milder clinical presentation in smaller scale than natural
varicella continued, and the likelihood of the spread of the virus
from patients with breakthrough disease to others, resulting in
varicella outbreaks in day care centers and schools, led the Advi-
sory Committee on Immunization Practices to adopt implemen-
tation of a routine two-dose varicella vaccination program for
children in June 2006 (14).The two-dose varicella vaccination
program has substantially decreased varicella incidence, hospital-
izations, and outbreaks. Declined varicella incidence has also been
observed in infants not eligible for varicella vaccination and adults
with low levels of vaccination (15).

The results of the current prospective case-based study per-
formed in South Korea for 9 months from August 2006 to March
2007 were not different from two previous retrospective studies
performed in the middle of the 1990s: one on patients diagnosed
in private pediatricians’ offices (16) and the other on patients di-
agnosed in one university hospital (17). The approximate average
age of varicella was 4 years old, with slightly over 10% of patients
younger than 1 year old and with bimodal peaks of varicella out-
breaks in June to July and November to January. However, the
vaccine coverage was quite different in the two groups of studies;
approximately 25% in the earlier ones and 91.4% in the current
one. Vaccine utilization was reported as 73.1% in a Korea Centers
for Disease Control and Prevention (KCDC) document from one
rural area in 2005 (18) and 88.3% in a study for nationwide vac-
cine coverage in 2007 (19). The most recent survey in 2011 re-
vealed varicella vaccine coverage above 97% (20). The unchanged
peak incidence at 4 to 5 years of age has also been delineated in the
2011 KCDC Infectious Diseases Surveillance Report (21).

The number of varicella patients reported to KCDC has con-
tinued to increase from 22.6 cases per 100,000 population in 2006
to 71.6 cases per 100,000 population in 2011 (21), and the number
of patients who filed health insurance claims for varicella has also
not shown a substantial decrease for the past 13 years (Fig. 1) (22).
Although the increase in reported cases of varicella to KCDC may
be due to the fact that mandatory varicella notification began in
2005, no decrease in the number of varicella patients does not
harmonize with the fact that the varicella vaccine coverage in-
creased to above 97% in 2011. Although it can be asserted that the
annual number of cases of varicella might have been higher with
greater morbidity in the prevaccine era, the high vaccine uptake,
the lack of upward age shift in the peak incidence, and the high
proportion of breakthrough disease, with almost no amelioration

TABLE 4 Seroconversion rate following immunization with the MAV/
06 varicella vaccine measured by the antivaricella FAMA assay

Seroconversion after vaccinationa No. (%)

Yes 92 (76.7)
No 28 (23.3)

Total 120 (100.0)
a 95% CI is 69.1 to 84.2.

TABLE 2 Characteristics of children with varicella and matched
controls

Clinical characteristics

Value

P valuea

Children with
varicella
(n � 106)

Controls
(n � 106)

Age (yr)
Mean � SD 5.2 � 2.9 5.2 � 3.0
Median 4 4
Range 1–13 1–14

No. (%) of females 50 (47.2) 50 (47.2)
No. (%) who received varicella

vaccine
100 (94.3) 103 (97.2) 0.3173

No. (%) with varicella vaccination
before 12 months of age

0 (0.0) 1 (1.2) 0.4885

No. (%) with varicella vaccination
before 15 months of age

75 (84.3) 76 (90.5) 0.2585

Mean � SD age at varicella
vaccination (mo)b

14.9 � 9.2 13.3 � 4.2 0.1403

No. (%) who received varicella
vaccine within 28 days of
MMR vaccinec

15 (21.7) 41 (58.5) �.0001

a P values were obtained by McNemar’s test except age at varicella vaccination, which
was obtained by a paired t test.
b The date of varicella vaccination was obtained in 89 children in the varicella group
and 84 children in the control group.
c Duration from MMR vaccination to varicella vaccination was obtained in 69 children
in the varicella group and 70 children in the control group.

TABLE 3 Geometric mean titers following immunization with the
MAV/06 varicella vaccine measured by the antivaricella FAMA assay

Pre- or postvaccination
GMT
(mean)

95% CI for
GMT

FAMA antibody
titer (range)

Prevaccination (n � 120) 1.1 1.0, 1.1 1–2
Postvaccination (n � 120) 5.3 4.4, 6.3 1–64

FIG 1 Annual number of varicella patients in Korea. NHIS, National Health
Insurance Service; KCDC, Korea Centers for Disease Control and Prevention.
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in disease presentation among vaccinated patients, strongly sug-
gest that varicella vaccination has not been effective in preventing
varicella in South Korea and is in great need of improvement.

The current prospective case-based study and case-control
study revealed high proportions of breakthrough varicella, sug-
gesting that most cases of varicella occurring in South Korea seem
to be breakthrough infection, although the breakthrough varicella
rate has not been elucidated. These observations are contrary to
the situations in other countries with routine varicella immuniza-
tion programs. In the United States, the vaccine failure or break-
through varicella rate was initially reported at 2% to 4% of vac-
cinees per year and recently reported as 14% cumulative incidence
over 7 years, which is consistent with an estimated vaccine effec-
tiveness of 	85% in community settings (1, 23). Considering the
previous reports of an increased risk of varicella breakthrough
when varicella vaccine was given before 14 months (24) or 15
months (25, 26) of age, varicella vaccination at a median age of 13
months in our case-based study may suggest the necessity to look
into the appropriate timing for varicella vaccination in South Ko-
rea. Contrary to the previously reported risk factor of varicella
breakthrough related with the timing of MMR vaccination, the
proportion of subjects who received varicella vaccine within 28
days of MMR vaccination was greater in the control group than in
the case group in our case-control study (25).

Breakthrough disease is allegedly milder than varicella in un-
vaccinated individuals (27), but our study showed that varicella
vaccination did not seem to alleviate clinical symptoms, although
vaccinated patients were cared for more in the outpatient clinics
with less serious appraisal of the disease by their parents. However,
the lack of a difference in clinical manifestations between vacci-
nated and unvaccinated patients in the current study may be due
to the fact that the size of the study population was inadequate.
This notion is disclosed further with the fact that vaccinated cases
appeared to have fewer skin lesions; even though not statistically
significant, this could suggest that a decreased number of skin
lesions in vaccinated patient might have been hidden because of
the small number of unvaccinated patients or the possible mistake
in grouping of skin lesions in study subjects despite careful guid-
ance by investigators for parents or guardians to estimate the
number of the lesions.

The effectiveness of varicella vaccines estimated in the case-
control study was 54%, with a 95% confidence interval of 0.10 to
2.05, which fit the almost-unchanged annual number of reported
varicella patients and the lack of an upward age shift in the peak
incidence. The postlicensure studies on Varivax in the United
States showed 97% to 100% effectiveness against severe varicella
disease and 80% to 85% effectiveness against any disease presen-
tation (1, 28–34). But one study on the outbreak of varicella at a
day care center estimated the effectiveness of the vaccine at 44.0%
against disease of any severity and 86.0% against moderate or
severe disease (35). In other countries, the effectiveness of one
dose of Oka strain-based varicella vaccines was good; adjusted
effectiveness in a prospective case-control study was 86.4%
against any severity and 97.7% against moderate or severe vari-
cella in Germany (36), vaccine effectiveness against varicella based
on the data of Taiwan’s National Immunization Information Sys-
tem was 82.6% (37), vaccine effectiveness against varicella as-
sessed in a case-control study was 86.4% for Varilrix, 79.6% for
Changchun Institutes of Biologic Products, and 92.6% for Shang-
hai Institutes of Biologic Products in China (38), and in Israel, the

effectiveness of varicella vaccine was 71 to 100% in preventing
disease of any severity and 95 to 100% in preventing moderate/
severe disease; however, a study of an outbreak of varicella among
children attending a day care center demonstrated vaccine efficacy
of only 44% (39). Significant decline of varicella cases and VRH
seen in the United States has also been reported in Germany (2),
Canada (3), Australia (4), and Taiwan (5). The current case-con-
trol study indicates that varicella vaccination is relatively ineffec-
tive in South Korea.

Since the introduction of the Biken Oka strain varicella vaccine
in 1988 in South Korea, several domestic vaccines containing
mainly the Oka strain were developed in the 1990s, when strict
licensing processes were evolving. Suduvax (Green Cross, South
Korea), which did not contain the Oka strain, was licensed in
1993, has remained the only domestic vaccine on the market, and
is the most popular varicella vaccine. Suduvax contains the
MAV/06 varicella strain that was isolated from a 33-month-old
South Korean boy with chickenpox in 1989 in Seoul, South Korea.
Initially, seven varicella-zoster virus strains isolated from seven
South Korean patients with chickenpox were tested for restriction
fragment length polymorphism, and the MAV/06 strain, which
was different from the Oka strain, was chosen to be the vaccine
strain (40, 41). The isolated virus had been proliferated in normal
human lung diploid cells (HEL) and attenuated by subculturing in
HEL, normal guinea pig lung diploid cells (GEL), and MRC-5 (41,
42). A prelicensure safety study and the immunogenicity study on
161 subjects using the FAMA assay which used varicella virus-
infected cells treated with 1% glutaraldehyde showed that Sudu-
vax (�1,000 PFU of MAV/06; Green Cross, South Korea) was safe
and highly immunogenic, with a postvaccination geometric mean
titer (GMT) of 173.7 � 29.8 and seroconversion rate of 100%
(43). Clinical trials for efficacy have not been undertaken.

Continual varicella outbreaks despite high vaccination cover-
age and disappointing results of our observational studies led us to
do the immunogenicity study on Suduvax (Green Cross, South
Korea), which was the most common vaccine (46.2% of the sub-
jects who provided the name of the vaccine products) among the
total eight vaccines received by the patients in our case-control
study. The classic FAMA assay using varicella-zoster virus-in-
fected live cells was chosen and established with the help of Anne
Gershon at Columbia University, since the classic FAMA assay has
been known as the optimal test to measure immunogenicity of
varicella vaccine, and glycoprotein (gp)-based enzyme-linked im-
munosorbent assay (gpELISA), which has mostly been used in the
development of varicella vaccine, was not available. Our data on
Suduvax (Green Cross, South Korea) revealed a seroconversion
rate of 76.67% and a GMT of 5.31, which seemed a bit lower than
the data by Michalik et al., who used sera which were obtained
longer than 3 months following vaccination with the Merck/Oka
varicella vaccine and had been kept frozen for several years (9). It
seemed much lower than the above-mentioned high postvaccina-
tion GMT and seroconversion rate of prelicensure immunogenic-
ity on Suduvax measured by the FAMA assay, which used glutar-
aldehyde-treated cells (43). These findings indicate that classic
FAMA assay using live cells has revealed the actuality and explains
the current situation of varicella and varicella vaccination in South
Korea and that Suduvax (Green Cross, South Korea) may not be
immunogenic enough to be effective in preventing varicella in
South Korea.

Limitations of these studies are that the enrolled subjects in
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both the case-based study and case-control study may not be rep-
resentative of the South Korean population, because convenience
samples were used and the coverage rates in the areas of the hos-
pitals that joined the studies were not known. The case-based
study was initially not based on representative design, and the
study subjects were enrolled in the order of diagnosis at each par-
ticipating hospital with parental or legal-guardian consent and
not particularly selected. However, the facts that varicella is a com-
mon disease, that the ages and seasonal distributions of varicella
patients in our data are comparable to those generated by KCDC
and National Health Insurance Service, and that comparison of
clinical characteristics in enrollees of four distinct geographic re-
gions of the participating hospitals to the case-based study did not
show a difference render our study results based on a convenience
sample valuable in understanding the varicella situation in South
Korea. Another limitation is that a larger study population as well
as a larger number of controls might have resulted in favorable
results of varicella vaccination in South Korea. However, it was
very difficult to meet patients with varicella who were not vacci-
nated in populations with high vaccination coverage. Further-
more, it cannot be overstated that the effectiveness study with each
vaccine product on the market is mandatory to disclose the effec-
tiveness of the varicella vaccine in South Korea. As a whole, the
results of the studies reported herein and in previously reported
literature and the prospective and retrospective epidemiology
data of varicella strongly indicate the need for thorough investi-
gation to elucidate the situation of varicella and the vaccine in
South Korea.
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