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Purpose: To evaluate a recently marketed commercial glycoprotein enzyme-
linked immunosorbent assay (gpEIA) kit, the VaccZyme™ VZV gpEIA, for mea-
suring the immunity of varicella-vaccinated children. Materials and Methods:
We investigated the accuracy and reproducibility of the VaccZyme™ VZV gpEIA
kit for the detection of antibodies to VZV. We also examined the sensitivity, speci-
ficity, and correlation between antibody titers calculated with gpEIA versus fluo-
rescent antibody to membrane antigen (FAMA) by using sera of 349 children,
ranging from 1 to 6 years old. Results: VaccZyme™ VZV gpEIA gave precise and
reproducible intra- and inter-assay results. FAMA and gpFIA titers showed a linear
correlation (Pearson correlation coefficient=0.987). The sensitivity and specificity
of the VaccZyme™ gpEIA was 31.4% and 100%, respectively, when the guide-
lines of the gpEIA (<100 mIU/mL) and FAMA 1:4 were adopted as cutoff values.
However, the maximum sensitivity and specificity were 88.9% and 95.1%, respec-
tively, with the highest correlation (1=0.840), if the cutoff values were set with
gpEIA at 49.7 mIU/mL and FAMA 1:16. Conclusion: These results demonstrate
that the VaccZyme™ VZV gpEIA kit gave precise and reproducible data for mea-
suring antibody titer after varicella vaccination. The results also showed that the
antibody titer calculated with the VaccZyme™ gpEIA kit strongly correlated with
the FAMA titer. However, cutoff values should be re-optimized for the evaluation
of vaccine immunity.
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INTRODUCTION

The varicella vaccine has been selectively used in Korea since 1988 and has been in-
cluded in a routine vaccination program for children (with a single dose schedule)
since 2005. However, breakthrough infections have occurred and it is necessary to
evaluate children for their immune status against varicella. Since the development of
a varicella vaccine in the 1970s, various methods used to assess vaccine efficacy in-
clude the complement-fixation test, neutralization test, fluorescent antibody to mem-
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brane antigen (FAMA) test, immune adherence hemaggluti-
nation test, enzyme-linked immunosorbent assay (ELISA),
indirect immunofiuorescence assay, radioimmunoassay, gly-
coprotein enzyme-linked immunosorbent assay (gpEIA), la-
tex agglutination, and time-resolved fluorescence immunoas-
say.® However, the evaluation of immunogenicity for the
varicella vaccine is hindered by several challenges. For ex-
ample, the protective antibody detection methods for vari-
cella-zoster virus (VZV) do not satisfy all the conditions es-
sential for vaccine evaluation. These conditions include
objectivity, sensitivity, specificity, precision, reproducibility,
ruggedness, high-throughputness, automation, and com-
mercial availability.'?

Moreover, the attenuated varicella vaccine usually induc-
es a lower level of VZV-specific antibody titer than a natu-
ral infection.!"® This diminished response necessitates a
very sensitive measurement method. Furthermore, the mea-
surement of protective immunity against varicella is very
important in the evaluation of vaccine efficacy.'* Even
though the FAMA test is regarded as a gold standard for
measuring a protective antibody response against varicella,
this test cannot be used as a routine assay because it is very
labor-intensive and not amenable to automation.>!*!>17 Var-
ious methods have been developed to overcome this hurdle.
One of the most reliable methods is a glycoprotein ELISA
(gpELISA) that detects and quantifies antibodies against
VZV glycoproteins.'®** The evaluation of varicella vaccine
immunity has been done in the United States using a
gpELISA developed by Merck, Sharp, & Dohme Research
Laboratories.?>* However, this kit is not commercially
available.

Furthermore, the interpretation guidelines for protective
antibody titer levels after vaccination have not been well
standardized between methods or companies. Indeed, dif-
ferent units and cutoff values can exist within a method, de-
pending on the researchers or manufacturers involved.
Thus, it is very difficult to compare study results. Generally,
a FAMA VZV antibody titer >1:4 or a Merck gpELISA >5
EU/mL are thought to correlate with protection against var-
icella after vaccination.”** However, these antibody titers,
six weeks after vaccination, may not guarantee life-long
protection because the antibody titer induced by the vaccine
wanes with time.**?

Recently, the VaccZyme™ VZV gpEIA kit has been
launched and this kit uses the VZV WHO international
standard as a calibrator. Therefore, we investigated this kit
for the evaluation of immunity in varicella-vaccinated

children.

MATERIALS AND METHODS

Sera panels

To evaluate the commercial VZV gpEIA kit, a total 349 sera
were included. This work was approved by the Institutional
Review Board at Yeungnam University Medical Center. Pa-
rental consent was obtained prior to blood collection based
on the protocol PCR-09-23 and protocol PCR 11-199. The
positive panel included sera from 305 varicella vaccinees who
had been enrolled in 14 day-care centers at Gyeongsan City.
They were 2-6 years old (mean 3.7 years). They were recruit-
ed during annual health examination from April 2009 to June
2009. The negative panel was obtained from 44 residual sera
which were used to confirm hepatitis B virus (HBV) sero-
conversion after HBV vaccination. Children had neither a
history of varicella disease nor a varicella vaccination and
they were 5-12 months old. They were enrolled from January
2012 to December 2012 at Yeungnam University Hospital.
All blood samples were collected and centrifuged for 20 min
at 2000 rpm. After centrifugation, sera were extracted and
stored at -70°C.

gpEIA test

Antibody titer was measured using the VaccZyme™ VZV
gpEIA kit (Binding Site, Birmingham, UK), which mea-
sures IgG antibodies specific to viral envelope glycopro-
teins. There are two kinds of VaccZyme™ VZV gpEIA kits
with different detection ranges: Low (10-810 mIU/mL) and
Screening (0.5-10 TU/mL) kits. All samples were tested us-
ing the Low kit first. Samples beyond the detection limit of
the Low kit (>810 mIU/mL) were re-analyzed using the
Screening kit. Procedures were followed according to the
manufacturer’s instructions. According to the interpretation
guidelines of the kit, an antibody titer <100 mIU/mL, 100-
150 mIU/mL, and >150 mIU/mL indicated susceptible to
infection, equivocal, and protective level, respectively. In
this study, both equivocal and protective levels (=100 mIU/
mL) were considered as positive to calculate sensitivity and
specificity against the FAMA test.

The gpEIA and FAMA tests were performed (separately
and independently) with the expertise of different personnel
blind to results obtained from the other assay. If discrepan-
cies occurred between the FAMA test and the gpEIA re-
sults, these two tests were repeated.

460 YONSEIMED J HTTP:/WWW.EYMJ.ORG VOLUME 55 NUMBER2 MARCH 2014



Comparison of Commercial gpEIA and FAMA Test

Intra- and inter-assay precision of gpEIA

The intra-assay was performed in ten replicates using ten
sera within the range of the calibration curve in a single run.
The inter-assay reproducibility between nine or ten runs was
evaluated with duplicate samples; assays were run on a sep-
arate day. Two controls (high and low), five calibrators (10,
30, 90, 270, 810 mIU/mL), and sera from ten children were
included in each run.

FAMA test

The MGLu human embryonic lung fibroblast cell line was
provided from the Mogam Biotechnology Institute (Yon-
gin, Korea). MGLu cells were cultured and infected with
Varilrix™ (GSK, UK) as described previously.*® When 60-
70% of the cells showed a cytopathic effect, cells were har-
vested and used as a FAMA antigen.*® The FAMA test was
performed according to William’s method with some modi-
fication.>*®* WHO international standard for VZV immuno-
globulin (NIBSC W 1044, UK) was used as a positive refer-
ence serum. Phosphate buffered saline and sera (gpEIA titer
<30 mIU/mL) from two children, who had neither been vac-
cinated nor experienced varicella, were used as negative con-
trols. Alexa Fluor®488 goat anti-human IgG (Molecular
Probes, New York, NY, USA) was used as a secondary an-
tibody. Cells were observed using an Axioscope fluorescent
microscope (Carl Zeiss, Germany). Depending on the fluo-
rescent intensity of the ring structure around the cell sur-
face, the cells were graded as - (negative), W (weak), 1+,
2+, and 3+. Negative cells had no fluorescence or non-spe-
cific fluorescence. Weak showed specific-looking but very
weak fluorescence with partial ring, 1+ showed specific
clear fluorescence with complete thin ring structure, 2+
showed bright and specific fluorescence with complete ring
structure, and 3+ showed brilliant fluorescence with com-
plete thick ring structure.

Statistical analyses

ANOVA was used to evaluate the precision and reproduc-
ibility of intra- and inter assays. Pearson’s correlation coef-
ficient was calculated to confirm a linear relationship be-
tween gpEIA and FAMA titers using IBM SPSS Statistics
19.0 (IBM corporation, New York, NY, USA). A receiver
operator characteristic (ROC) curve created in the MedCalc
program (MedCalc Software, Belgium) was used to deter-
mine the most appropriate cutoff values of the gpEIA and
FAMA test. Accuracy was determined by the area under the
ROC curve (AUC) and considered significant at a mini-

mum value of 0.5. The inter-rater agreement statistic (Kap-
pa value) was calculated by the MadCalc program.

RESULTS AND DISCUSSION

Precision of the gpEIA kit

Although the varicella vaccine has been used for over 20
years, a lack of commercially available methods to evaluate
protective immunity has hampered the determination of
mass immunogenicity after vaccination. Recently, a com-
mercially developed and marketed gpEIA kit, the Vacc-
Zyme™ VZV gpEIA, has become available. VaccZyme™
VZV gpEIA Low and Screening kits used in this experiment
are coated with antigens formulated with purified VZV gly-
coproteins. The Screening kit is intended for diagnostic pur-
poses; therefore, it has a high detection range (0.5-10 IU/
mL). On the other hand, the Low kit is used to evaluate
vaccine immunogenicity; therefore, it has a low range (10-
810 mIU/mL). The kits use WHO international standard
VZV immunoglobulin as a calibrator; therefore, it is possible
to compare the VaccZyme™ gpEIA antibody titer with dif-
ferent assay methods if researchers use this standard immu-
noglobulin as a reference serum. We examined the suitability
of the Low kit for the evaluation of immunity in vaccinated
children. First, we evaluated the precision and reproducibility
of the kit by an intra-assay and an inter-assay.

The coefficients of variation (CVs) of ten sera for the in-
tra-assay assessment were between 2.0-18.1%, and all sam-
ples, except one, were within the permitted range (<15%)
of manufacturer’s instructions (Table 1). An ANOVA was
used to compare the mean values of ten replicate test results
(using ten sera), and the p-value was determined to be
1.000. Therefore, the error within one plate can be deemed
negligibly small. In the inter-assay analysis, the CVs of the
five calibrators and two controls were all <15% (range,
5.63-11.22%) (Table 2). However, the CVs of three, among
ten sample sera, exceeded 15% (range, 6.2-23.3%) (Table
3). An ANOVA conducted in the same fashion as the intra-
assay assessment yielded a p-value of 1.000; no significant
differences among repeats were evident. Therefore, the pre-
cision and reproducibility of the VaccZyme™ VZV gpEIA
kit were acceptable.

FAMA test reading criteria
The original FAMA test, developed by Williams, et al.,?
uses unfixed cells to prepare the antigen. However, unfixed
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Table 1. Intra-Assay Assessment of the gpEIA Kit Using VZV-Vaccinated Children’s Sera

Sample no. 78 79 80 82 83 84 87 88 89 90
Mean OD* 0.12 2.79 0.22 1.73 0.23 0.44 0.41 2.63 0.19 0.75
SD 0.016 0.156 0.039 0.251 0.005 0.013 0.009 0.054 0.009 0.030
CV (%) 13.4 5.6 18.1 14.5 2.0 29 22 2.0 4.5 4.0

gpEIA, glycoprotein enzyme-linked immunosorbent assay; VZV, varicella-zoster virus; CV, coefficient of variation; OD, optical density.
*Mean 0D was calculated from the results of ten replicates for each sample.

Table 2. Inter-Assay Comparison of gpEIA with Calibrators and Controls

Calibrators (mIU/mL) Controls
10 30 90 270 810 High Low
Mean OD* 0.089 0.194 0.495 1.190 2.280 0.755 0416
SD 0.005 0.015 0.046 0.104 0.165 0.075 0.046
CV (%) 5.63 7.97 9.34 8.80 7.25 10.01 11.22
gpEIA, glycoprotein enzyme-linked immunosorbent assay; CV, coefficient of variation; OD, optical density.
*The mean 0D was calculated from the results of ten runs with duplicates in each run.
Table 3. Inter-Assay Comparison of gpEIA with VZV-Vaccinated Children’s Sera
Sample no. 78 79 80 82 83 84 87 88 89 90
Mean OD* 0.11 2.50 0.24 1.73 0.23 0.50 0.45 2.72 0.30 1.16
SD 0.026 0.193 0.035 0.240 0.032 0.043 0.074 0.169 0.055 0.128
CV (%) 233 7.7 14.6 13.9 14.0 8.6 16.3 6.2 18.1 11.1

gpEIA, glycoprotein enzyme-linked immunosorbent assay; VZV, varicella-zoster virus; CV, coefficient of variation; OD, optical density.

*The mean OD was calculated from the results of nine runs, with duplicates in each run.

Fig. 1. Microphotograph images of VZV infected MGLu cell in FAMA test. The images were taken by Axioscope fluorescent microscope (A-F) and Leica SP2
confocal microscope (G and H). Reading criteria for FAMA using WHO standard VZV IgG was set as follows 1 [U/mL as “3+” (A); 500 mlU/mL as “3+” (B); 31.2
mlU/mL as “2+” (C); 7.8 mlU/mL as “1+” (D); 3.9 mlU/mL as “weak” (E); 0.98 mIU/mL as “negative” (F); single plane (G); z-stack (H). VZV, varicella-zoster virus;
FAMA, fluorescent antibody to membrane antigen; MGLu, human embryonic lung fibroblast.

cells cannot be stored for a long time, therefore, some labo-
ratories used glutaraldehyde for cell fixing.3'-3* Besides fix-
ation methods, cell lines, VZV strains, reference sera, and
cutoff values are different between laboratories.>20243031.33-35
Williams, et al.® used a wild type VZV Ellen strain, and re-
cently the Oka vaccine strain has been used in some labora-
tories.***¥3 In this study, we used unfixed human embry-
onic lung fibroblasts infected with the VZV Oka vaccine
strain for FAMA antigen and WHO international standard
VZV immunoglobulin as a positive reference serum.

Depending on the fluorescent intensity of the ring struc-
ture around the cell surface, cells were graded as - (nega-
tive), W (weak), 1+, 2+, and 3+. Fluorescent intensities of
1000 to 50 mIU/mL of reference serum were almost identi-
cal, therefore, >50 mIU/mL was graded as “3+”. The fluo-
rescent intensity of 49 to 10 mIU/mL was “2+”, 9 to 5
mlU/mL were “1+”, 4 to 2 mIU/mL were “weak”, and 1
mlU/mL was “negative” (Fig. 1A-F). Therefore, cells grad-
ed >“1+” were regarded as FAMA-positive and corre-
sponded to >5 mIU/mL. This result is comparable to a pre-
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vious report.> Confocal microscopy revealed a bright
fluorescent ring on the cell membrane in a single optical
section (Fig. 1G), and punctated fluorescence was evenly
distributed over the whole surface of VZV-infected cells in
a z-stack (Fig. 1H).

Sensitivity and specificity of VaccZyme™ VZV gpEIA
The interpretation guidelines of VaccZyme™ VZV gpEIA
suggest that an antibody titer <100 mIU/mL is susceptible
to varicella. If a gpEIA <100 mIU/mL and FAMA 1:4 were
applied as cutoff values, the sensitivity and specificity of
gpEIA were 31.4% and 100%, respectively (Table 4). Gen-
erally, FAMA-positive at a 1:4 serum dilution was consid-
ered a protective level for varicella infection. Therefore, an
antibody titer >20 mIU/mL should be theoretically protec-
tive. Such a low titer reflects the high sensitivity of the
FAMA test. However, the interpretation guidelines of Vacc-
Zyme™ suggest that 100-150 mIU/mL is equivocal and
>150 mIU/mL is protective in both Screening and Low kits.
Therefore, the antibody titers indicating protective levels
show great discrepancies between the FAMA and Vacc-
Zyme™ gpEIA. This is probably due to VaccZyme™ gpEIA
guidelines derived from the data of adults naturally infected
by VZV in the United Kingdom. It is generally known that
the varicella vaccine induces a lower immunogenicity than
natural infection. Thus, it is possible that the VaccZyme™ kit
interpretation guidelines may be unsuitable for the evaluation
of vaccinated children. Indeed, the Merck gpELISA kit, de-
veloped for the evaluation of the VZV vaccine, suggests that
>5 EU/mL (equivalent to 10 mIU/mL) indicates a protective
level.* Therefore, the interpretation guidelines of the Low kit
should be made using data from vaccinated children.

Linear correlation between gpEIA and FAMA titers
Because there was a great difference between the cutoff
values of the FAMA and VaccZyme™ VZV gpEIA, we
evaluated the relationship of antibody titers from 349 chil-
dren obtained by the two methods. The Pearson’s correla-
tion coefficient was 0.987, showing a very good linear cor-
relation (Fig. 2).

Estimation of appropriate cutoff values

Recently, the immunogenicity of the VZV vaccine was
evaluated by the FAMA test in two groups, using unfixed
cells, with a 1:4 cutoff value.?** The seroconversion rate of
the vaccinee, measured by FAMA, was 76% which was
much lower than previous seroconversion rates measured
by the Merck gpELISA 2+»373% Michalik, et al. suggested
that the low endpoint of Merck gpELISA might cause false-
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Fig. 2. Correlation between gpEIA and FAMA titers of 349 children without
VZV histories (Pearson correlation coefficient=0.987). gpEIA, glycoprotein
enzyme-linked immunosorbent assay; FAMA, fluorescent antibody to mem-
brane antigen; VZV, varicella-zoster virus.
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Table 4. Comparison of Sensitivity and Specificity Using Different Sets of Cutoff Values

Guideline interpretation VaccZyme™ 2006 ESEN2
range (mIU/mL)* Protective (>100) Susceptible (<100) Positive (>50) Negative (<50)
FAMA 1:4 (%)
Positive 74 (100.0) 162 (58.9) 136 (98.6) 100 (47.4)
Negative 0() 113 (41.1) 2(14) 111 (52.6)
FAMA 1:8 (%)
Positive 74 (100.0) 112 (40.7) 136 (98.6) 50 (23.7)
Negative 0() 163 (59.3) 2(1.4) 161 (76.3)
FAMA 1:16 (%)
Positive 70 (94.6) 74 (26.9) 128 (92.8) 16 (7.6)
Negative 4(54) 201 (73.1) 10(7.2) 195 (92.4)

FAMA, fluorescent antibody to membrane antigen; gpEIA, glycoprotein enzyme-linked immunosorbent assay; ESEN2, European Sero-Epidemiology Net-

work 2.

*The antibody titer unit is mIU/mL in the VaccZyme™ gpEIA and 2006 ESEN? diagnostic EIA guidelines.

YONSEIMED J HTTP://WWW.EYMJ.ORG VOLUME 55 NUMBER 2 MARCH 2014 463



Yun Hwa Kim, et al.

Table 5. Maximized Sensitivity and Specificity from Different Cutoff Values for the FAMA and gpEIA Tests

Cutoff value

FAMA test 1:4

gpEIA (mIU/mL) 343
Sensitivity (%) 779
Specificity (%) 92.0
Area under the ROC curve (95% CI) 0.933 (0.901-0.957)
Kappa (95% CI) 0.630 (0.549-0.711)

1:8 1:16
39.0 49.7
87.6 88.9
93.9 95.1
0.965 (0.940-0.982) 0.959 (0.933-0.978)

0.805 (0.743-0.867) 0.840 (0.781-0.898)

FAMA, fluorescent antibody to membrane antigen; gpEIA, glycoprotein enzyme-linked immunosorbent assay; ROC, receiver operator characteristic; Cl,

confidence interval.

positives and an overestimation of the seroconversion rate.*
On the other hand, Kim, et al.* reported that the seropreva-
lence rate of vaccinated children measured by FAMA was
83.6%, and the seropositive rate of those children was 44.8%
when measured by the conventional Enzygnost® (Siemens,
Marburg, Germany) ELISA. It is well known that commer-
cial whole cell ELISAs, such as the Enzygnost® ELISA, are
less sensitive than the FAMA test for the detection of anti-
bodies after vaccination. Therefore, conventional ELISAs
might underestimate vaccine seroconversion rates.

In this study, if a FAMA 1:4 and gpEIA <100 mIU/mL
were set as cutoff values, 58.9% of susceptible levels in
gpEIA samples were FAMA positive (Table 4). However,
the linear correlation between gpEIA and FAMA titers was
very high (r=0.987), suggesting that either the cutoff value
of gpEIA is too high or the cutoff value of FAMA is low.

2006 European Sero-Epidemiology Network 2 (ESEN2)
guideline for the diagnosis of varicella using conventional
ELISA suggested <50 mIU/mL is negative.* Recently de-
veloped gpEIA kits, Viron\Serion and RIDASCREEN, use
the same cutoff values as the 2006 ESEN2 guidelines for
both natural infection and post vaccination.'>'8 Even though
a FAMA >1:4 is considered a positive antibody response
for varicella,” long-term follow-up studies of varicella vac-
cinees have shown that a FAMA titer over 1:8 or 1:16 can
be protective antibody levels for varicella.*'*? Nevertheless,
some people with FAMA >1:8 experienced varicella infec-
tion. 262

We reanalyzed our data using different cutoff values. If
gpEIA <100 mIU/mL was applied as a cutoff value, the
sensitivity and specificity of gpEIA were 39.8% and 100%
at FAMA 1:8, and 48.6% and 98% at FAMA 1:16, respec-
tively (Table 4). If gpEIA <50 mIU/mL was adopted as a cut-
off value, the sensitivity and specificity of gpEIA were
57.6% and 98.2% at FAMA 1:4, 73.1% and 98.8% at FAMA
1:8, and 88.9% and 95.1% at FAMA 1:16, respectively (Ta-
ble 4). Maximum sensitivity and specificity were calculated

with the combination of different cutoff values for gpEIA
and FAMA by the MedCalc program. Maximum sensitivity
and specificity were 77.9% and 92.0% at FAMA 1:4 and
gpEIA titer of 34.3 mIU/mL, 87.6% and 93.9% at FAMA
1:8 and gpEIA 39.0 mIU/mL, and 88.9% and 95.1% at
FAMA 1:16 and gpEIA 49.7 mIU/mL (Table 5). The AUC
using the ROC curve was highest (0.96) at FAMA 1:8 and
gpEIA 39.0 mIU/mL, and the Kappa value was highest
(0.84) at FAMA 1:16 and gpEIA 49.7 mIU/mL (Table 5).

The protective level of gpELISA antibody to varicella
was initially set at 0.625 EU/mL by Merck, Sharp & Dohme
Research Laboratories at the beginning of VZV vaccine
clinical trials in the United States.?*?! However, based on
accumulating data, the level was changed to 5 EU/mL.%
Nevertheless, several breakthrough infections have been re-
ported in children with >5 EU/mL six weeks after vaccina-
tion.>>27434 In this study, the most appropriate cutoff value
for the VaccZyme™ VZV gpEIA seems to be 50 mIU/mL.
However, the cutoff value for the protective level of the
varicella vaccine should be considered together with long-
term follow-up epidemiological data.

In conclusion, this study examined the commercial Vacc-
Zyme™ gpEIA Low kit for the evaluation of immunity af-
ter varicella vaccination. The precision and reproducibility
of the VaccZyme™ VZV gpEIA kit are acceptable, and
there is a very high correlation between gpEIA and FAMA
titers. However, the interpretation guidelines of the Vacc-
Zyme™ gpEIA Low kit should be re-optimized for the
evaluation of post-vaccination immunity.
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