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A high-throughput test to detect varicella-zoster virus (VZV) antibodies in varicella vaccine recipients is not currently available.
One of the most sensitive tests for detecting VZV antibodies after vaccination is the fluorescent antibody to membrane antigen

(FAMA) test. Unfortunately, this test is labor-intensive, somewhat subjective to read, and not commercially available. Therefore,
we developed a highly quantitative and high-throughput luciferase immunoprecipitation system (LIPS) assay to detect antibody
to VZV glycoprotein E (gE). Tests of children who received the varicella vaccine showed that the gE LIPS assay had 90% sensitiv-
ity and 70% specificity, a viral capsid antigen enzyme-linked immunosorbent assay (ELISA) had 67% and 87% specificity, and a

glycoprotein ELISA (not commercially available in the United States) had 94% sensitivity and 74% specificity compared with the
FAMA test. The rates of antibody detection by the gE LIPS and glycoprotein ELISA were not statistically different. Therefore, the
gE LIPS assay may be useful for detecting VZV antibodies in varicella vaccine recipients. (This study has been registered at Clini-

calTrials.gov under registration no. NCT00921999.)

Varicella—zoster virus (VZV) causes both chickenpox and zos-
ter. A live attenuated varicella vaccine derived from the Oka
strain of the virus was developed by Takahashi and colleagues in
the 1970s and was licensed for routine use in the United States in
1995. One of the most sensitive tests for detecting VZV antibodies
after vaccination is the fluorescent antibody to membrane antigen
(FAMA) test. For this test, serial dilutions of human serum are
incubated with live VZV-infected human fibroblasts, incubated
with fluorescein-tagged anti-human immunoglobulin, and exam-
ined by fluorescence microscopy (1). The test detects antibodies to
surface glycoproteins on live VZV-infected cells. While the FAMA
test is highly predictive of protection from varicella infection after
vaccination (2), the test is labor-intensive and somewhat subjec-
tive to read. Therefore, the FAMA assay is not applicable for large-
scale or commercial testing, nor is it readily available.

Most laboratories use commercial enzyme-linked immu-
nosorbent assays (ELISAs) to determine VZV seropositivity. A
comparison of the commercially available ELISA with the FAMA
test in recipients of the varicella vaccine indicates that the ELISA
has a sensitivity of 74% and a specificity of 89% (3) (assuming that
the FAMA has 100% sensitivity and 100% specificity). Thus, the
ELISA is not considered sufficiently sensitive for reliably detecting
antibodies after varicella immunization. Several studies have re-
ported failures to seroconvert after immunization even after 2
doses, based on ELISA (4), and these are thought to represent a
failure to detect antibody responses rather than a failure of the
vaccine.

Modified FAMA tests have been developed, including ones
that use fixed cells (5) and a flow cytometry-based FAMA assay
using virus-infected cells (6). The fixed-cells test is subjective to
read, and the flow cytometry-based test uses live virus-infected
cells; however, neither test is commercially available. Other tests
have been developed in an attempt to replace the FAMA test. A
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glycoprotein (gp) ELISA containing purified VZV-infected cell
glycoproteins (including gE, gB, and gH) was developed by Merck
to measure antibodies after vaccination (7); however, this test is
not commercially available. In a recent study in Europe (8), a
different commercially available gpELISA and a whole-cell ELISA
had 92% and 96% sensitivity, respectively, compared to that of the
FAMA test for detecting VZV antibodies in vaccine recipients. A
time-resolved fluorescence immunoassay (TRFIA) showed 83%
sensitivity and 88% specificity in vaccine recipients compared
with those of the FAMA test (9). A comparison of a latex aggluti-
nation test, which is no longer marketed, with the FAMA test in
recipients of the varicella vaccine indicated that the latex aggluti-
nation assay had a sensitivity of 82% and a specificity of 94% (3).

Serological testing after vaccination is not recommended, be-
cause commercially available tests are not sensitive enough to de-
tect antibodies and may lack specificity (10, 11). Concerns persist
about vaccine responses in women who may become pregnant
and in health care workers, especially those who care for patients
with varicella and zoster infection. All of these individuals have an
increased risk for developing severe varicella infection. Therefore,
a sensitive and specific reliable test for measuring VZV antibodies
on a large-scale basis would be clinically useful. We developed a
new assay based on a highly quantitative immunoprecipitation

Received 24 April 2014 Returned for modification 10 June 2014
Accepted 29 June 2014

Published ahead of print 2 July 2014

Editor: S. A. Plotkin

Address correspondence to Jeffrey I. Cohen, jcohen@niaid.nih.gov.
Copyright © 2014, American Society for Microbiology. All Rights Reserved.
doi:10.1128/CVI.00250-14

September 2014 Volume 21 Number 9

d31LN3D TvIIA3IW AINN WYNONNITA Ad #T0Z ‘82 1snbny uo /610 wse’Ing//:dny woly papeojumod


http://dx.doi.org/10.1128/CVI.00250-14
http://cvi.asm.org
http://cvi.asm.org/

assay format (12) and compared it to the standard ELISA, FAMA
test, and gpELISA for VZV.

MATERIALS AND METHODS

Subjects. Serum samples were obtained from three sources, and all assays
were performed in a blinded fashion. Archived serum from South Korea
and New York were anonymized, and the use of samples was deemed
exempt by the Office of Human Subjects Research at the National Insti-
tutes of Health (NIH). The subjects at NIH gave informed consent and the
study (ClinicalTrials.gov under registration no. NCT00921999) was ap-
proved by the Institutional Review Board of the National Institute of
Allergy and Infectious Diseases. The initial cohort of 40 samples from New
York included 11 serum samples from healthy patients (mostly adults)
obtained prior to developing varicella infection (all with negative FAMA
titers), 11 serum samples from patients after proven varicella infection (all
with positive FAMA titers), and 18 serum samples from healthy recipients
of the varicella vaccine (78% with positive FAMA titers) Two additional
independent cohorts were tested, one with 18 adult varicella vaccine re-
cipients enrolled at NIH and one with 93 children who received the vari-
cella vaccine in South Korea.

Serological assays. The FAMA assay was performed using live cells, as
described previously in New York (1) and Korea (13). The ELISA used for
the serum samples from South Korea was performed using the VaccZyme
VZV glycoprotein enzyme immunoassay (gpEIA) kit (The Binding Site,
United Kingdom); an antibody titer of <50 mIU/ml was interpreted as
seronegative (13). The ELISA used for the serum samples from the NIH
was performed using the Trinity Biotech Captia VZV IgG kit, which uses
inactivated VZV antigen. To compare the diagnostic performance of the
tests, equivocal samples were called positive.

LIPS antigens and testing. The extracellular domain of VZV glyco-
proteins gB, gC, gE, gH, gl, gK, gL, gM, and gN or the glycoproteins
lacking the N-terminal signal sequence were cloned into pREN2 and
pRENS3S plasmids, respectively, to generate Renilla luciferase fusion pro-
teins containing N- or C-terminal VZV proteins (12). The final gE con-
struct contained amino acids 1 to 536 fused to Renilla luciferase and was
constructed by PCR amplification of a VZV cosmid clone by PCR using
two primer adapters: 5'-CCGCTCGAGATGGGGACAGTTAATA AACC
TGTG-3' and 5'-CCCAAGCTTCGTAGAAGTGGTGACGTTCCG-3'.
The PCR products for the various glycoproteins, including for gE, were
digested with Xhol and HindIII and inserted into XhoI-HindIII-digested
PpRENS3S. Plasmid DNAs were prepared, and the integrity of the constructs
was confirmed by DNA sequencing.

Antibodies to the various VZV glycoprotein constructs were measured
by the luciferase immunoprecipitation system (LIPS) assay (12). Briefly,
COS cells were transfected with VZV protein-Renilla luciferase fusion
protein constructs, and lysates were prepared. From transfection, the ac-
tivity of the COS cell lysates containing the different VZV fusions was
determined by luminometry and expressed as luminometer units (LU)
per ml. To measure VZV gE antibody levels, serum was diluted 1:10, and
10 wl was added to 1 X 10° LU of transfected COS cell extract. Immuno-
precipitations were performed by adding protein A/G beads, and the LU
were determined by luminometry. All LU data shown represent the aver-
ages of the data from at least two independent experiments.

Statistical analysis. GraphPad Prism software (San Diego, CA) was
used for statistical analyses. The antibody levels for the different samples
are reported as the median with the interquartile range (IQR) values. A
cutoff value was based on receiver operating characteristic (ROC) analysis
and was based on the gE test having 100% specificity with the initial test
cohort. The nonparametric Mann-Whitney U test was used for a compar-
ison of the antibody levels in the different groups. The area under the
curve (AUC) was used as a global index of diagnostic accuracy.

RESULTS

Development of a gE VZV diagnostic LIPS assay and compari-
son with FAMA test. An evaluation of the utility of the LIPS assay
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FIG 1 Detection of anti-VZV gE antibody by luciferase immunoprecipitation
system (LIPS) assay. The subjects in the validation cohort included persons
prior to varicella vaccination, recipients of the varicella vaccine, and naturally
infected persons. Each symbol represents an individual serum sample from a
subject whose serum tested negative (Neg) or positive (Pos) in the FAMA
assay. The antibody titers were measured in luminometer units. The dotted
line represents the cutoff level for determining sensitivity and specificity, and
the solid horizontal lines represent median values.

for serological diagnosis of VZV began by screening serum sam-
ples from 16 healthy blood donors for antibodies against nine
different VZV surface glycoproteins. When LIPS assays to detect
antibodies to VZV gE, gH, gl, gK, gL, gM, and gN were used to test
the serum samples, only the VZV gE LIPS assay detected antibod-
ies in all 16 serum samples (data not shown); therefore, all addi-
tional tests were performed using the gE LIPS assay.

Using an independent set of 40 serum samples with known
VZV serological status based on the FAMA test performed at
Columbia University, the potential of the gE LIPS test for VZV
diagnosis was evaluated in a blinded fashion. This cohort of sam-
ples included vaccine recipients and subjects before and after vari-
cella infection. From the average of the data from these two inde-
pendent tests, the anti-gE antibody levels in the subjects showed a
wide dynamic range of detection spanning from 817 to 353,400
LU (Fig. 1). In the FAMA-negative samples, the median gE anti-
body level was 1,148 LU (interquartile range [IQR], 960 to 5,313),
while the FAMA-positive samples had a 40-fold-higher median
level of 55,100 LU (IQR, 22,840 to 109,100), and this difference in
antibody levels between these two groups was highly statistically
significant (Mann Whitney U test, P < 0.0001).

In order to compare the sensitivity and specificity of the LIPS
assay with those of the FAMA test, a diagnostic cutoff value of
12,000 LU was assigned, which was derived from the ROC curve
for an antibody test that was 100% specific for the healthy subjects.
Using this cutoff value, the gE LIPS test compared to the FAMA
test with all of the Columbia University samples (n = 40) showed
92% sensitivity and 100% specificity (Table 1). In the 11 healthy
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TABLE 1 Antibody results for varicella-zoster virus in different cohorts

% (no. identified/total no.) in”

LIPS VCA ELISA gpELISA

Cohort (n) Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity
New York (40) 92 (23/25) 100 (15/15)

Vaccinated (18) 93 (13/14) 100 (4/4)

Prior to varicella (11) NAY 100 (11/11)

History of varicella (11) 91 (10/11) NA
NIH vaccinees (18) 90 (9/10) 63 (5/8) 90 (9/10) 38 (3/8)
Korean vaccinees (93) 90 (63/70) 70 (16/23) 67 (47/70) 87 (20/23) 94 (66/70) 74 (17/23)

@ VCA, viral capsid antigen; ELISA, enzyme-linked immunosorbent assay; gpELISA, glycoprotein ELISA.

? NA, not applicable.

subjects with natural VZV infection, the gE LIPS test showed 91%
sensitivity for all of these FAMA-positive samples. The gE LIPS
test had 93% sensitivity and 100% specificity for the healthy vac-
cine recipients. Of the 11 unvaccinated healthy subjects, the gE
LIPS test showed 100% specificity for all of these FAMA-negative
samples. The promising results suggested that the gE LIPS test
might be highly useful for detecting VZV antibodies following
VZV vaccination.

Comparison of the VZV gE LIPS test with FAMA test, VCA
ELISA, and gpELISA. The diagnostic potential of the gE LIPS
assay compared to that of the FAMA test and additional ELISA-
based serological assays were evaluated in two additional cohorts.
Eighteen adults who were enrolled at the NIH Clinical Center and
had received the varicella vaccine several years earlier were tested
using the FAMA assay, which showed that 10 subjects were sero-
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positive and 8 were seronegative. LIPS testing of the NIH cohort
employing the 12,000-LU cutoff demonstrated 90% sensitivity (9/
10) and 63% specificity (5/8) (Fig. 2A). In comparison, the viral
capsid antigen (VCA) ELISA in this cohort showed 90% sensitivity
and 38% specificity. Of note, the same low-seropositive subject,
with a FAMA test titer of 1:2, was missed by both the LIPS assay
and VCA ELISA.

A second larger cohort of samples from South Korean children
(n = 93) was also evaluated by the LIPS assay and compared with
the FAMA test, VCA ELISA, and gpELISA. FAMA testing of the
samples showed that 23 were seronegative and 70 were seroposi-
tive (Fig. 2B). The LIPS test indicated that the median gE antibody
level in the seronegative Korean samples was 8,000 LU (interquar-
tile range [IQR], 1,451 to 14,860) and was 49,070 LU (IQR, 24,130
to 147,850) in the seropositive samples, which were statistically
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FIG 2 Comparison of anti-VZV gE antibody by luciferase immunoprecipitation system (LIPS) assay with the fluorescent antibody to membrane antigen
(FAMA) test. (A) Adults who received the varicella vaccine several years earlier. (B) Children who recently received the varicella vaccine. Each symbol represents
an individual serum sample from a subject. The dotted line represents the cutoff level for determining sensitivity and specificity. Neg, negative; Pos, positive.
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different (P < 0.0001). Using the assigned cutoff value, the gE
LIPS assay had 90% sensitivity (63/70) and 70% specificity (16/
23). In comparison, the VCA ELISA showed 67% sensitivity (47/
70) and 87% specificity (20/23). The gpELISA, which uses lectin-
purified VZV glycoprotein in ELISA, showed 94% sensitivity (66/
70) and 74% specificity (17/23). The LIPS assay and gpELISA had
several of the same false negatives, and false-positive samples and
ROC analysis of the LIPS assay and gpELISA showed no signifi-
cant statistical difference in diagnostic performance, with AUC
values of 0.91 (confidence interval [CI], 0.84 to 0.97; P > 0.0001)
and 0.89 (CI, 0.81 to 0.97, P > 0.0001), respectively.

DISCUSSION

While the FAMA test is considered one of the most sensitive stan-
dard serological tests for detecting VZV antibodies, the test is la-
bor-intensive and has a low throughput. This study demonstrated
that the gE antigen in the LIPS format can robustly detect antibody
titers for VZV diagnosis with good sensitivity and specificity. Un-
like existing serological tests, such as FAMA, whole-cell ELISA,
and gpELISA, which employ multiple natural VZV antigens, the
LIPS test used a single recombinant gE antigen. gE is the most
abundant VZV glycoprotein on the surface of virus-infected cells
and is a major target of neutralizing antibodies.

Compared with the FAMA test in the three cohorts of varicella
vaccine recipients, the gE LIPS assay had a sensitivity of 90% and a
specificity of 71%. In contrast, compared with the FAMA test in
two cohorts in which both tests were performed, the VCA ELISA
had a sensitivity of 70% and a specificity of 74%. A comparison of
the diagnostic performance of the gE LIPS test with that of the
gpELISA showed that they behaved similarly. While the gE LIPS
test had modest specificity compared to the FAMA assay in vac-
cine recipients (and it is possible that this was an artifact due to the
greater sensitivity of the gE LIPS than the FAMA test), the two tests
had a similar number of positive results (83 serum LIPS positive
and 81 FAMA positive) in the two test cohorts of vaccine recipi-
ents (NTH and Korea).

We obtained reproducible results over time with different
gE-Renilla luciferase fusion protein extracts. The possibility of us-
ing gE-Renilla luciferase extract frozen at —80°C may facilitate
standardization, but further studies are needed before using the
assay for clinical testing. Additional recombinant glycoprotein an-
tigens or different gE constructs with better conformational
epitopes due to potentially less interference by Renilla luciferase
might further enhance performance. Nonetheless, the gE LIPS
assay has a wide dynamic range of detection and can be performed
rapidly. A demonstration of the effectiveness of a high-through-
put LIPS assay for VZV antibodies in healthy vaccine recipients
shows that this approach is feasible for the rapid screening of large
numbers of serum samples. Additional experience with the LIPS
assay in healthy populations who are known to have had clinical
varicella or herpes zoster infection would provide additional in-
formation on the utility of this assay for assessing its ability to
determine positive responses to the varicella vaccine.
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