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Abstract

Universal varicellavaccination (UVV), as a single dose to children aged 12 to 15 months, was introduced in Koreain 2005. A seroprevaleb
study is required to upgrade this UVV strategy. The fluorescent antibody to membrane antigen (FAMA) assay is the gold standard for
varicella-zoster virus (VZV) immunity testing. However, no standard operating procedure (SOP) has been developed for the FAMA assay,
in which either glutaraldehyde or acetone may be used for VZV-infected cell fixation. In this observational study, we aimed to investigate
the age-specific seroprevalence in Korean children and adults. Additionally, with glycoprotein enzyme-linked immunosorbent assay
(9pELISA) as the reference, we evaluated the performance of the FAMA assay using acetone-fixed cells.

Four hundred sera were analyzed using the FAMA assay (acetone-fixed cells) and gpELISA, comprising 50 subjects from
each age category. In the FAMA assay, the seropositivity rate decreased from 82.0% in the 1 to 4-year-old group to 58.0%
in the 5 to 9-year-old group (95% confidence interval [Cl]: 69.2-90.2 and 44.2-70.6, respectively; P = .009), while that in the
gpPELISA decreased from 80.0% to 52.0% (95% Cl: 67.0-88.8 and 38.5-65.2, respectively; P =.003). In both methods, the
seropositivity rates ranged from 95% to 100% in the population aged > 20 years. We observed a significant correlation between
the 2 methods, with a correlation coefficient of 0.795 (P < .001). In receiver operating characteristic analysis using the gpELISA
results as a reference, the area under the curve for the FAMA assay was very high at 0.995 (95% Cl: 0.990-1.000; P < .001).
Compared to the gpELISA, the sensitivity, specificity, and kappa value of the FAMA assay were 99.4%, 79.3%, and 0.84 (nearly
perfect), respectively. The seropositivity rate of the 5 to 9-year-old group indicated waning immunity over time and supported
implementation of a second dose in the UVV program. The results of the FAMA assay were comparable to those of the gpELISA.
Although further study is needed to standardize procedures, our results suggest that the FAMA assay using acetone-fixed cells
can be used widely and can be included in a universal FAMA assay SOP.

Abbreviations: AUC = area under curve, Cl = confidence interval, FAMA = fluorescent antibody to membrane antigen, gpELISA
= glycoprotein enzyme-linked immunosorbent assay, IgG = immunoglobulin G, PBS = phosphate-buffered saline, ROC = receiver
operating curve, SOP = standard operating procedure, UVV = universal varicella vaccination, VZV = varicella-zoster virus.
Keywords: fluorescent antibody to membrane antigen, glycoprotein enzyme-linked immunosorbent assay, seroprevalence, stan-
dard operating procedure, varicella vaccination

This research was supported by National Institute of Health, funded by the
Korea Disease Control and Prevention Agency, Republic of Korea (grant number:
2021ER260201).

The authors have no conflicts of interest to disclose.

The datasets generated during and/or analyzed during the current study are
available from the corresponding author on reasonable request.

aDepartment of Biomedicine and Health Science, Graduate School, The
Catholic University of Korea, Seoul, Republic of Korea, *The Vaccine Bio
Research Institute, College of Medicine, The Catholic University of Korea,
Seoul, Republic of Korea, “Department of Pediatrics, College of Medicine,
The Catholic University of Korea, Seoul, Republic of Korea, ‘Department

of Pediatrics, Seoul St. Mary’s Hospital, College of Medicine, The Catholic
University of Korea, Seoul, Republic of Korea, *Department of Pediatrics,
Eunpyeong St. Mary’s Hospital, College of Medicine, The Catholic University
of Korea, Seoul, Republic of Korea, Department of Pediatrics, Bucheon St.
Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul,
Republic of Korea.

*Correspondence: Ui Yoon Choi, Department of Pediatrics, Eunpyeong St. Mary’s
Hospital, College of Medicine, The Catholic University of Korea, 1021, Tongil-ro,
Eunpyeong-gu, Seoul, 03312, Republic of Korea (e-mail: uiyoon@catholic.ac.kr).

Copyright © 2024 the Author(s). Published by Wolters Kluwer Health, Inc.

This is an open-access article distributed under the terms of the Creative
Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where it is
permissible to download, share, remix, transform, and buildup the work provided
it is properly cited. The work cannot be used commercially without permission
from the journal.

How to cite this article: Ji HS, Kang KR, Kang HM, Choi UY, Lee SY, Kang JH.
Seroprevalence of varicella-zoster virus as measured by fluorescent antibody
to membrane antigen assay and glycoprotein enzyme-linked immunosorbent
assay more than 10 years after initiation of a universal vaccination program: An
observational study. Medicine 2024;103:3(€36931).

Received: 9 July 2023 / Received in final form: 19 December 2023 / Accepted:
20 December 2023

http://dx.doi.org/10.1097/MD.0000000000036931


mailto:
mailto:
mailto:
mailto:
mailto:
mailto:uiyoon@catholic.ac.kr
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

Jietal. ® Medicine (2024) 103:3

1. Introduction

Varicella caused by varicella-zoster virus (VZV) is a com-
mon childhood disease and is generally mild and self-limiting.
However, immunocompromised children and adults are at
increased risk for severe disease including visceral dissemination
to lungs, brain, and liver; secondary bacterial skin infection; and
mortality. Varicella is highly contagious, and vaccination is the
most effective strategy for its prevention.!!! The World Health
Organization recommends implementing a 1- or 2-dose univer-
sal varicella vaccination (UVV) program in countries in which
varicella is a public health concern. The number of countries
introducing UVV programs or using varicella vaccines in the
private sector has been increasing.?!

Korea implemented UVV in 2005; 1 dose of the vaccine is
administered to children at 12 to 15 months of age. Clusters of
varicella cases are continuously occurring among Korean vac-
cinated children, and support for provision of a second vaccine
dose has emerged among infectious disease specialists.®! A study
of seroprevalence at more than 10 years postvaccination was
performed to evaluate the current vaccination strategy.

Seroprevalence studies that identify susceptible populations
are often needed before or after UVV implementation, and the
demand to assess immunity against VZV has been increasing
worldwide. Although a glycoprotein enzyme-linked immuno-
sorbent assay (gpELISA) is widely used to evaluate immunity
against VZV, the fluorescent antibody to membrane antigen
(FAMA) assay is the gold standard."**! However, no FAMA stan-
dard operating procedure (SOP) has been developed, and pro-
cedural details differ among laboratories. Health authorities are
aware of the need for a FAMA SOP. FAMA assays are currently
performed using unfixed VZV-infected cells or VZV-infected
cells fixed with acetone or glutaraldehyde. Recently, to increase
throughput and efficiency, the use of fixed VZV-infected cells
has increased.!’ Several studies have reported seroprevalence
against VZV using the glutaraldehyde fixed-cell FAMA assay,
and performance of the glutaraldehyde fixation method has
been assessed.”-*! However, studies of the efficacy of the acetone
fixed-cell FAMA assay are limited.

The objectives of this study were to investigate age-specific
seroprevalence of protection against VZV among Korean chil-
dren and adults in the post-vaccination era and to evaluate
performance of the acetone-fixed-cell FAMA assay using the
gpELISA as a reference. The results will provide valuable infor-
mation for upgrading the current varicella vaccination strategy
and for developing a FAMA assay SOP.

2. Materials and methods

2.1. Sera source

Sera stored in the biobanks of Seoul St. Mary Hospital and
Gyeongsang National University Hospital were collected
between January 2018 to December 2021. These sera were from
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individuals who had given informed consent for use of their
sera in future research. The exclusion criteria were sera with
insufficient quantity and sera from individuals with congenital
immunodeficiency disease, malignancy, or leukemia. For each
serum sample, information on age, sex, and collection date were
provided in anonymous form.

We also used residual sera from routine blood tests obtained
from pediatric patients hospitalized in Seoul St. Mary Hospital.
The sera were centrifuged and stored at -70°C until testing.
Written consent for using the residual sera was obtained from
parents or legal representatives of the children. Sera with insuf-
ficient quantity or from immunocompromised children were
excluded. The anonymity of the children was ensured by remov-
ing personal identification information such as hospital number
and name.

The study design and the sources of sera were approved by
the Institutional Review Boards of Seoul St. Mary Hospital
(KC21TNSI0686) and Eunpyeong St. Mary Hospital
(PC21SNSI0139).

2.2. FAMA assay

Both FAMA assay and gpELISA were performed on each
serum sample at the Vaccine Bio Research Institute, College of
Medicine, The Catholic University of Korea, Seoul, Korea. VZV-
infected cells used as antigen in the FAMA assay were provided
by Mogam Institute for Biomedical Research (Seoul, Korea),
a research institute belonging to GC Pharma, one of the vari-
cella vaccine manufacturers in Korea. MAV/06 strain VZV was
cultured in MRC-5 cells and harvested when cytopathic effects
were observed in 70% to 80% of cells. VZV-infected cells were
fixed with cold acetone for 15 minutes and washed 3 times
using phosphate-buffered saline (PBS). Collected sera were seri-
ally diluted, mixed with VZV-infected cells, incubated for 30
minutes at 37°C, and washed 3 times using PBS. A secondary
antibody, fluorescein isothiocyanate-labeled anti-human immu-
noglobulin G (IgG) from rabbit (Dako, Hamburg, Germany),
was added to mixtures, incubated for 30 minutes at 37°C, and
washed 3 times using PBS. Assessment for a fluorescent ring was
made independently by 2 investigational technicians. Generally,
a 1:4 titer is used as the cutoff in FAMA assay method.**! Thus,
a titer of > 1:4 was considered seropositive in this study. For
positive reference, WHO standard VZV immunoglobulin was
used. For negative reference, sera from gpELISA-negative chil-
dren with no history of varicella vaccination or infection were
used. VZV-infected cells used in the FAMA assay are presented
in Figure 1.

2.3. gpELISA

IgG antibodies against VZV were measured by VaccZyme VZV
gpELISA kit (Binding Site, Birmingham, UK) according to the
manufacturer instructions. Anti-VZV IgG concentrations < 100

Cc

Figure 1. Fluorescence microscopy of VZV-infected cells in FAMA assay. (A) VZV-infected cells fixed with cold acetone for 15 mins used as antigen in the FAMA
assay; (B) positive control; (C) negative control. FAMA = fluorescent antibody to membrane antigen, VZV = varicella-zoster virus.
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mlIU/mL, 100 to 149 mIU/mL, and > 150 mIU/mL were inter-
preted as negative, equivocal, and positive, respectively. As in
previous studies, both equivocal and positive results were con-
sidered seropositive.!>!!

2.4. Statistical analysis

Statistical analysis was performed using MedCalc software (ver-
sion 19.2.0, MedCalc Software bvba, Ostend, Belgium) and SPSS
software (version 19, IBM Co., Armonk, NY, USA). Percentages
of subjects demonstrating seropositivity against VZV were cal-
culated with 95% confidence intervals (Cls), and chi-square test
was used for comparisons between age groups. In assessment
of the acetone-fixed-cell FAMA assay, correlation test values;
receiver operating curve (ROC) analysis; and sensitivity, spec-
ificity, and kappa value were calculated. Pearson correlation
coefficient (r) was calculated to assess correlation between the
gpELISA and FAMA assay results. ROC analysis was conducted
to evaluate the ability of the FAMA assay to predict gpELISA
results, and area under curve (AUC) was calculated with 95%
CIL. An AUC of 0.5 was considered no discrimination, 0.7 to
0.8 was considered acceptable, 0.8 to 0.9 was considered excel-
lent, and AUC > 0.9 was considered outstanding.!'!! Relative to
results of gpELISA, diagnostic sensitivity, specificity, and kappa
values for the FAMA method were all calculated using 3 dif-
ferent cutoffs, 1:4, 1:8, and 1:16. Kappa value was categorized
as poor (< 0.00), slight (0.00-0.20), fair (0.21-0.40), moderate
(0.41-0.60), substantial (0.61-0.80), or nearly perfect (0.81—
1.00). For all tests, a P value < .05 was considered significant.

3. Results

3.1. Seroprevalence

This study included 400 participants, 50 participants in each of
8 age groups (1-4 years; 5-9 years; 10-19 years; 20-29 years;
30-39 year; 40-49 years; 50-59 years; 60 years or older). In
the FAMA assay, proportions of seropositive subjects were
82.0% (n=41/50; 95% CI=69.2-90.2) in the 1 to 4-year-
old group; 58.0% (n=29/50; 95% CI = 44.2-70.6) in the § to
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9-year-old group; 72.0% (n = 36/50; 95% CI = 58.3-82.5) in the
10 to 19-year-old group; and 100% (n = 50/50; 95% CI = 92.9—
100.0) in the 20 to 29-year-old group, 30 to 39-year-old group,
40 to 49-year-old group, 50 to 59-year-old group, and 60-year
or older group. Seropositivity rate sharply decreased from 1 to
4-year to 5 to 9-year groups (P =.009) (Fig. 2).

When measured by gpELISA, proportions of seropositive
subjects were 80.0% (n =40/50; 95% CI=67.0-88.8) in the 1
to 4-year-old group, 52.0% (n = 26/50; 95% CI = 38.5-65.2) in
the 5 to 9-year-old group, 64.0% (n=32/50; 95% CI=50.1-
75.9) in the 10 to 19-year-old group, 100% (n = 50/50; 95%
CI=92.9-100.0) in the 20 to 29-year-old group, 98.0%
(n=49/50; 95% CI=89.5-99.7) in the 30 to 39-year-old
group, and 100% (n = 50/50; 95% CI =92.9-100.0) in the 40
to 49-year-old group, 50 to 59-year-old group and 60-year or
older group. Seropositivity rate sharply decreased from the 1 to
4-year-old group to the 5 to 9-year-old group (P = .003) (Fig. 2).

3.2. Comparison of performance of FAMA assay and
gpPELISA

In correlation analysis, significant correlation was observed
between gpELISA and FAMA results (coefficient of correla-
tion, 0.795; P < .001) (Fig. 3). In ROC analysis using results of
gpELISA as reference, AUC of the FAMA assay was 0.995 (95%
CIL: 0.990-1.000) (P <.001); this was considered outstanding
(Fig. 4). Relative to results of gpELISA, sensitivity, specificity,
and kappa value were calculated with different cutoffs: at 1:4,
sensitivity was 99.4% and specificity was 79.3%; at 1:8, sensi-
tivity was 95.1%, and specificity was 92.5%; and at cutoff 1:16,
sensitivity was 88.2% and specificity 96.2%. The kappa value
was 0.848 (nearly perfect) at 1:4, 0.793 (substantial) at 1:8, and
0.638 (substantial) at 1:16. The 1:4 value was the highest shown
(Table 1).

4. Discussion

A UVV program was introduced in Korea in 2005. One dose
of the vaccine is administered to children 12 to 15 months old.
Vaccination coverage has been maintained at higher than 95%

B gpELISA positive

Seroprevalence rate (%)

M gpELISA equivocal

H FAMA

100 -
90 -
80 -
70 -
60 -
50 -
40 1
30 |
20 1
10 -
0|

10-19

20-29

30-39 40-49 50-59 60 or older

Age (year)

Figure 2. Age-specific seroprevalence of VZV measured by acetone-fixed-cell FAMA assay and gpELISA. FAMA = fluorescent antibody to membrane antigen,
gpELISA = glycoprotein enzyme-linked immunosorbent assay, VZV = varicella-zoster virus.
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Figure 3. Correlation between results of gpELISA and acetone-fixed-cell FAMA assays. The Pearson r (r) is shown. gpELISA = glycoprotein enzyme-linked

immunosorbent assay.

since 2008. Based on data from the National Health Insurance
Service, varicella cases substantially decreased from approxi-
mately 220,000 in 2008 to 80,000 in 2019. However, break-
through infections are being continuously reported. The highest
incidence, nearly 50% of cases, has been observed in children
aged 5 to 9 years.312131 A seroprevalence study is required to
assess population immunity and identify susceptible groups.
Our age-specific seroprevalence study had several findings.
First, seropositivity rate declined from approximately 80% in
the 1 to 4-year-old group to 50% to 60% in the 5 to 9-year-old
group. The lower seropositivity rate in the 5 to 9 age group may
be the reason for the high incidence of varicella in this age group
and indicates that immunity induced by varicella vaccination
decreased with time since vaccination. This result is similar to
previous publication findings. In a study conducted by Hong et
al, vaccine effectiveness decreased over time to 62.6%, 55.4%,
and 49.9% after 4, 5 and 6 years, respectively, from the 1-dose
varicella vaccination.B! A seroprevalence study conducted in
China also demonstrated an approximate 50% seropositiv-
ity rate in children aged 5 to 9 years with a 1-dose varicella
vaccination program.!'! Second, seropositivity rate was higher
than 90% in all adult, aged 20 and older, groups. This finding is
consistent with that of a seroprevalence study conducted within
10 years after UVV initiation in Korea. In studies conducted
by Lee et al and Han et al,/'>'¢ seropositivity rate against VZV
was higher than 90% in those aged 20 or older. In our study,
in relation to age, we assume that most immunity in subjects
aged 20 or older resulted from natural infection; the UVV did
not appear to affect the immunity against VZV in the adult

group. Third, seropositivity rate in the 10 to 19-year group in
our study ranged from 60% to 75%. In a VZV seroprevalence
study conducted in 2009 to 2010, Lee et al reported a seropos-
itivity rate higher than 90% in the 10 to 19-year age group!';
in a VZV seroprevalence study conducted in 2012 to 2013, Han
et al reported a seropositivity rate of 80% to 96% in the 10
to 19-year age group. The results of this study suggest that the
decrease in 10 to 19-year-old VZV seropositivity indicates that
circulation of VZV has been reduced due to UVV. In the vari-
cella vaccination era, exposure to VZV may have been reduced,
lowering the probability of gaining natural immunity and
increasing the pool of susceptible adolescents and young adults.
The unvaccinated and those in whom immunity has waned after
vaccination require attention.

The FAMA assay is the most extensively validated VZV anti-
body detection method and correlates well with identification
of those susceptible to varicella. UVV programs and private
sector varicella vaccine use have increased, and use of the vac-
cine will continue to increase with the institution of more UVV
programs and the shift from 1-dose to 2-dose programs. VZV
antibody detection is required in adults in certain circumstances
such as in healthcare professionals and in those who are immu-
nocompromised.*’! Since the demand for VZV immunity test-
ing will increase, development of a FAMA assay SOP is needed.
The antibody-specific membrane protein of VZV-infected cells,
the main detection object of the FAMA test, is well-detected
by the acetone fixation method.l) However, acetone-fixed-
cell FAMA assay performance has not been evaluated. In this
study, we found a statistical correlation between gpELISA and
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Figure 4. With gpELISA as reference, performance of the acetone-fixed-cell FAMA assay was evaluated by ROC analysis (AUC = 0.995). AUC = area under
the curve, FAMA = fluorescent antibody to membrane antigen, gpELISA = glycoprotein enzyme-linked immunosorbent assay, ROC = receiver operating

characteristics.

Comparison between results of gpELISA and FAMA with different cutoffs.

OPELISA Kappa value

Positive or equivocal Negative Sensitivity Specificity (95% CI)
FAMA 1:4
Positive 345 11 99.4% 79.3% 0.848 (0.766-0.929)
Negative 2 42
FAMA 1:8
Positive 330 4 95.1% 92.5% 0.793 (0.707-0.879)
Negative 17 49
FAMA 1:16
Positive 306 88.2% 96.2% 0.638 (0.539-0.738)
Negative 4 51

Cl = confidence interval, FAMA = fluorescent antibody to membrane antigen, gpELISA = glycoprotein enzyme-linked immunosorbent assay.

acetone-fixed-cell FAMA assay. In ROC analysis with gpELISA
results as reference, acetone-fixed-cell FAMA assay demon-
strated outstanding AUC; with a cutoff of 1:4, the kappa value
was nearly perfect (0.848). Kappa values with 1:8 and 1:16 cut-
offs were substantial (0.793 and 0.638, respectively). The results
of acetone-fixed-cell FAMA assay with a 1:4 cutoff were similar
with those of gpELISA.

Despite its valuable findings, limitations of this study need
to be addressed. First, only a small sample of sera was collected
from only 2 blood banks and 1 hospital. Therefore, the data

may not be representative of a national pattern. Second, only
sera from healthy individuals were collected in this study; VZV
seroprevalence in immunocompromised individuals was not
assessed. Third, relative to results of gpELISA, only performance
of the FAMA assay using acetone-fixed cells was assessed.
Further serologic testing that includes a large sample size from
different regions of Korea and from immunocompromised
individuals is needed. To standardize the FAMA assay, further
studies comparing results among FAMA assay procedures are
needed.
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To our knowledge, this was the first study to investigate the
age-specific seroprevalence of protection against VZV at 10
years after initiation of Korea UVV program. The seropositiv-
ity rate in the 5 to 9-year age group was low, 50% to 60%
and suggested post-vaccination immunity waning. This sup-
ports the implementation of a 2-dose UVV program. These
serologic results provide evidence for the need to update Korea
vaccination strategy and serve as a reference for other regions.
This study also is the first evaluation of the performance of the
acetone-fixed-cell FAMA assay using gpELISA as a reference.
Based on the results, the acetone-fixed-cell FAMA assay with a
cutoff of 1:4 can be used widely in measuring immunity against
VZV. Although more data are needed for FAMA assay stan-
dardization, this method can be included in any FAMA assay
SOP.
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