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Type-specific serologic assays for herpes simplex virus (HSV) types 1 and 2 based on glycoprotein G-1 (gG-1)
(HSV-1) and gG-2 (HSV-2) discriminate between antibodies against HSV-1 and HSV-2. We previously devel-
oped a Western blot assay using gG-1 and gG-2 expressed in baculovirus, performed extensive validation
studies, and determined that it was both sensitive and specific for type-specific detection of HSV antibody. Here
we report that, among a cohort of Thai military recruits, the serostatus of some individuals changed from
positive to negative over time (6.6% among those ever positive for HSV-1, and 14.9% among those ever positive
for HSV-2). We tested a subset of these specimens in three other gG-based assays: an enzyme-linked immu-
nosorbent assay, an immunoblot strip assay, and a Western blot assay. Positive-to-negative shifts occurred in
every assay; the frequency of the shifts ranged from 6.1% to 21.2% of the specimen sets tested. There was only
limited agreement among the assays concerning which individuals lost reactivity. This inaccuracy, exhibited by
all of the assay protocols, was not predicted by validation studies employing specimens from cross-sectional
studies and was most pronounced in HSV-2 testing. This argues for the inclusion of serial blood specimens in

serologic assay validation procedures.

Herpes simplex virus types 1 (HSV-1) and 2 (HSV-2) have
approximately 83% nucleotide sequence similarity (7) and
have as much as 85% amino acid sequence identity for some
proteins (16). As a result, HSV-1 and HSV-2 show extensive
serologic cross-reactivity (27). This has impeded seroepidemio-
logic studies of the two viruses. The discovery of glycoprotein
G (gG) in the mid-1980s seemed to resolve this difficulty (19,
23), because it is antigenically distinct between HSV-1 and
HSV-2. The only significant amino acid similarity between
gG-1 (HSV-1) and gG-2 (HSV-2) occurs at the signal sequence
and in the short membrane anchor (20). Since the signal se-
quence is removed during posttranslational processing (21)
and the membrane anchor is sequestered from the immune
system by the lipid bilayer, only the unrelated portions of the
¢G molecules are available as antigenic epitopes.

Several type-specific serologic assays based on gG-1 and
¢G-2 have been developed. These include the immunodot (17,
18), HSV-infected cell-based Western blotting (4), baculo-
virus-expressed gG immunoblotting (26), enzyme-linked im-
munosorbent assay (ELISA) (9), and immunoblot strip (1)
methods. Western blotting of HSV-infected cell lysates (4) is
regarded as the most reliable method, since it examines the
antibody response to other immunogenic HSV proteins in ad-
dition to gG. Although there is cross-reactivity between HSV-1
and HSV-2 for these other proteins, differences in size result in
distinct migration patterns in the Western blot format. This
form of HSV-specific Western blotting detected HSV-2 anti-
bodies in some sera that were not detected by a purified-gG-
based ELISA (24).
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Cross-sectional and clinic-based studies using the baculovi-
rus-expressed gG-based immunoblot assays were consistent
with other published findings (3, 5, 10-13, 15, 24, 29) in that
comparable prevalences were observed in similar populations.
However, when the assay was used in cohort studies, results for
some participants shifted from seropositive to seronegative for
either HSV-1 or HSV-2 over time.

Published HSV cohort studies using type-specific gG-based
assays (3, 5, 10-13, 15, 24, 29) have been conducted largely in
clinical settings (3, 11, 29). Although loss of antibody reactivity
has not been observed in studies of clinic attendees, those
results cannot be generalized to nonclinical populations, be-
cause they involve self-selected participants, usually with gen-
ital herpes disease. The aim of the present study was to char-
acterize the underlying cause of shifts in HSV serostatus
observed in this gG-based immunoblot assay and to determine
whether similar shifts could be observed in other type-specific
serologic assays for HSV.

MATERIALS AND METHODS

gG-based HSV assay protocols. Four different gG-based assays were employed
in this study. Each was performed blinded with regard to the results of other
tests.

BIB. Antigens used in the baculovirus-expressed gG-based immunoblot (BIB)
assay were produced in Sf9 insect cells infected with baculoviruses expressing
either gG-1 or gG-2 (25). The assay was previously validated against other
type-specific HSV serologic methods (26). The published protocol was modified
as follows. gG was partially purified by extraction in a buffer consisting of 50 mM
Tris (pH 8.0), 500 mM NaCl, 1% Nonidet P-40, 100 pg of phenylmethylsulfonyl
fluoride per ml, and 1 pg of aprotinin per ml. Infected Sf9 cells were scraped
from confluent T150 flasks and pelleted, suspended in extraction buffer, soni-
cated three times for 30 s each on ice (output control, 4; duty cycle, 50%) in a cup
horn sonicator (model W-375; Heat Systems-Ultrasonic, Inc., Farmingdale,
N.Y.), and centrifuged at 14,000 X g for 15 min at 4°C, and the pellet was
resuspended in standard buffer. A blocking step was also added. For this pur-
pose, uninfected Sf9 cells (approximately 2 X 107) were suspended in 2 ml of
phosphate-buffered saline, sonicated and centrifuged as described above, and
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stored at 4°C. Fifty microliters of this lysate in a total final volume of 100 wl was
added to serum specimens to reduce antibody reactivity directed against insect
proteins.

HWB. Antigens used in the HSV-infected-cell-based Western blot (HWB)
assay were prepared from HSV-1 (strain F)- and HSV-2 (strain G)-infected
Hep-2 cells. The protocol for this assay was modified from previously published
methods (2). The antigens are separated by sodium dodecyl sulfate polyacryl-
amide gel electrophoresis and electrophoretically transferred to nitrocellulose
prior to incubation with test sera and colorimetric development.

Purified gG ELISA. The purified gG ELISA is under development for com-
mercial use by Biokit, S.A. (Barcelona, Spain). Reactions were performed in
wells of a 96-well plate coated with purified gG-1 (baculovirus expressed) or gG-2
(lentil lectin-purified HSV-2-infected-cell lysate). Bound antibody was detected
with rabbit anti-human immunoglobulin G (IgG) conjugated with peroxidase and
developed with 3,3',5,5"-tetramethylbenzidine. 4,5, was measured.

SIA. The strip immunoblot assay (SIA) was developed by Chiron Vaccines
Corporation (Emeryville, Calif.) and employs nitrocellulose strips impregnated
with baculovirus-expressed gG-1, gG-2 (truncated), gD-2, and vp41, in discrete
bands, along with anti-IgG antibody-level control bands. Test strips were pre-
pared according to the manufacturer’s instructions, and diluted serum was added
to each tube containing a test strip and incubated for 4.5 h. Strips were washed
once in their reaction tubes, transferred to a common washing vessel, and washed
three times with phosphate-buffered detergent solutions provided with the test
kits. Bound antibody was detected by peroxidase-conjugated goat anti-human
antibody and developed with 4-chloro-2-naphthol plus H,O,. After 15 min of
color development, strips were washed twice with deionized water and dried on
absorbent paper in the dark. Strips were read manually within 3 h. All test Kits
used were from the same lot.

Source of | serum speci The specimens for this study were col-
lected from 1991 to 1993 as a part of the HIV/AIDS Collaboration in Thailand
(Thailand Ministry of Public Health and the Centers for Disease Control and
Prevention). Blood was collected (and sera stored) from 1,158 participants at
6-month intervals (initial specimen plus up to three follow-ups) from Thai mil-
itary recruits 21 to 27 years of age (28). A total of 3,116 specimens were available
for this study.

Statistical analysis. The x? test was used to assess the association between
laboratory parameters and shifts from positive to negative results. The agree-
ment between pairs of methods was measured with the kappa statistic; the
relative strengths of agreement are 0.81 to 1.00 for almost perfect, 0.61 to 0.80 for
substantial agreement, 0.41 to 0.60 for moderate agreement, 0.21 to 0.40 for fair
agreement, and 0.00 to 0.21 for slight agreement (14).

Human subject approval. The study protocol was approved by the Committee
on Ethical Review of Research on Human Subjects of the Thai Ministry of Public
Health and an Institutional Review Board of the Centers for Disease Control
and Prevention.

RESULTS

With the BIB assay, 902 of 1,158 recruits (77.9%) had anti-
body specific for gG-1 at one or more time points, and 213
(18.4%) had at least one positive HSV-2 test. Since these
prevalence values were similar to those for other published
findings (19), suspicions were not raised about difficulties with
the assay.

However, sequential sera from some individuals gave incon-
sistent results (Table 1). Among the 960 participants for whom
two or more serum specimens were available, 91.4% of the
specimen sets were consistent (always positive or always neg-
ative) for HSV-1, and 91.8% of the sets were consistent for
HSV-2. Similar proportions of consistent and inconsistent re-
sult sets were observed regardless of the number of specimens
in a set that were available for testing.

We examined several features of the test results to identify
laboratory-based causes for the positive-to-negative discor-
dance. There was no association between inconsistent results
and the date the assay was performed or the individual blot on
which the result was produced. A trend between protein lot
number and weak positives was suggested in the raw data, but
did not achieve statistical significance for either HSV-1 or
HSV-2.

We also investigated the association between inconsistent
test results and test color intensity. All BIB data were rescored
(blinded as to the original interpretation) according to the
relative intensity of the virus-specific colorimetric bands (neg-
ative, weakly positive, or strongly positive). Relative intensity
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TABLE 1. Frequency of occurrence of all possible BIB assay result
patterns for the participants in the Thai military recruit study

Pattern by participant No. with result (%)

group HSV-1 HSV-2

4 specimens

Consistently positive 239 (68.5) 37 (10.6)

Consistently negative 72 (20.6) 276 (79.1)

Converters 4(1.1) 17 (4.9)

Inconsistent 34(9.7) 19 (5.4)
3 specimens

Consistently positive 206 (68.7) 29 (9.7)

Consistently negative 71 (23.7) 248 (82.7)

Converters 8(2.7) 9(3.0)

Inconsistent 15 (5.0) 14 (4.7)
2 specimens

Consistently positive 221 (71.1) 36 (11.6)

Consistently negative 68 (21.9) 255 (82.0)

Converters 7(2.3) 15 (4.8)

Inconsistent 15 (4.8) 5(1.6)
1 specimen

Consistently positive 153 (71.3) 32(16.2)

Consistently negative 45 (22.7) 166 (83.8)

was assessed subjectively by comparing each test result for a
given blot with an internal strongly positive control band. Re-
sults were scored strongly positive if they were more or nearly
as intense as the control band. Results were scored as weakly
positive if they were substantially weaker than the internal
control band. Specimen sets from every individual with more
than one time point available and who tested positive for at
least one serum sample were used in this analysis. For HSV-1,
among sets that underwent at least one positive-to-negative
shift, 41 of 64 (64.1%) included one or more tests that were
scored as weak with BIB compared with 341 of 685 (49.8%)
pairs that underwent no shift (x> = 4.77; P = 0.029). For
HSV-2, 32 of 38 (84.2%) sets including a positive-to-negative
shift were associated with weak-intensity bands, compared with
94 of 143 (65.7%) among pairs that did not shift (x* = 4.85;
P = 0.028).

To determine whether the observed positive-to-negative
shifts could be accounted for by day-to-day fluctuations in the
performance of the assay, we selected 100 Thai study speci-
mens from collection period 2 in numerical order, beginning at
an arbitrarily chosen point in the specimen list. Three coded
panels consisting of an aliquot of each of these specimens were
prepared for blind testing. Of the 100 specimens tested for
HSV-1, 97 gave consistent results in the three test runs: 24
were consistently negative, and 73 were consistently positive.
Ninety-three of the specimens gave consistent HSV-2 results;
for 82, the results were negative, and 11 were consistently
positive. Of the discrepant specimens, two of three inconsistent
results for HSV-1 were negative in test 2 and positive for both
others, as were five of the seven inconsistent HSV-2 results.
One HSV-1 result and two HSV-2 results were negative in the
first two tests and positive in the third. There were no other
patterns. Side-by-side examination of the blots revealed a slight
but noticeable reduction of the color intensity on blots from
the second test run. In contrast, when 24 specimens (selected
as described above) were divided into three aliquots each,
coded, and tested in the same assay run, there was no variabil-
ity between aliquots of the same specimen. Taken together,
these results suggest that the positive-to-negative shifts in the
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I.D. BIB SIA HWB ELISA _
sampling period: 1 2 3 12 3 1 2 3 12 3
1 [+ ++ S P -t
2 + + + + + + - 4+ -+ 4+
3 N - -
4 B - -
5 - -+ -+ + -+ + -+ 4]
6 + - - + - - - - - - - -
7 + + 4+ + + + -+ + -+ +
8 + + - + 4+ o+ + -+ + 4+ o+
9 PN [T« -
10 - - - - -+ - -+ - - -
11 + - - + - - - - - - - -
12 - - [~ ++ Y
13 - - - + 4+ o+ - - - - - -
14 -+ o+ - -+ - - - -+ o+
15 + + - + + 4+ -+ - -+ -
16 - -+ + + o+ - - - - - -
17 + + o+ + o+ o+ - - - - - -
18 - - - -+ - = - - -

FIG. 1. Comparison of HSV-2 results from selected sequential serum sets
among four gG-based serologic methods. Note that the sets were not consistent
in all four assay methods.

day-to-day test may be accounted for by day-to-day variation in
the sensitivity of the BIB assay.

To compare the performance of the BIB assay with those of
other type-specific HSV assays, we assembled a panel of 33
specimen sets that represented all four result patterns in the
BIB assay (for HSV-2, consistently positive [n = 6], consis-
tently negative [n = 15], positive to negative [n = 5], and
negative to positive [z = 4]). The 99 specimens were coded and
blindly tested with the ELISA, SIA, and HWB and BIB assays.
All four assays gave positive-to-negative results with some se-
rum sets. The results for HSV-2 (comparable to those obtained
for HSV-1) are presented in Fig. 1. Since the HWB detects
antibodies to all immunogenic HSV-infected-cell proteins, it
was possible to detect differences in the response profiles
among specimens from the same set. There was evidence that
four of the test sets may have included serum specimens from
more than one individual, and these have been excluded from
the analysis. Elevan of 29 sets were consistent across all four
assay methods (3 positive, 8 negative, 1 converter) and are not
included in the table. Conversely, other sets with consistent
profiles in the HWB assay produced positive-to-negative shifts
in at least one assay (sets 4, 6, 8, 9, 11, 12, and 15). In 11 of 29
sets (31.0%), the results were identical for the four assays. Of
the other 18 sets, 8 sets agreed between three of the assay
methods, but these agreements did not occur consistently
among the same three assays. Sequences of positive-to-nega-
tive results occurred in sets 4 (SIA), 6 (BIB and SIA), 8 (BIB
and HWB), 9 (SIA), 11 (BIB and SIA), 12 (BIB), 15 (BIB,
HWB, and ELISA), and 18 (SIA). The overall agreement among
pairs of assays as measured by the kappa statistic was moder-
ate. Immunoblotting showed 37.5, 45.2, and 50.1% agreement
with STA, HWB and ELISA, respectively. SIA showed 41.2 and
36.3% agreement with HWB and ELISA, respectively. The
best agreement was between HWB and ELISA (77.2%).

There were rather marked differences in the total number of
positive results detected by the four assays. SIA detected 46 of
87 samples as positive (52.9%), whereas, BIB detected 32
(36.8%), ELISA detected 26 (29.9%), and HWB detected 25
(28.7%) samples as positive.

Serum sets from 90 participants in the study (321 serum
samples), representing individuals who were either singly se-
ropositive by BIB for HSV-1 or HSV-2 or seronegative for
both viruses, were also tested with a commercial assay that
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does not discriminate anti-HSV-1 from anti-HSV-2 antibody
(data not shown). This assay always detected HSV antibody
among those singly positive (45 serum sets), and it did not
detect antibody in negative sera (45 serum sets). No inconsis-
tent result patterns were observed with this assay.

DISCUSSION

The advent of gG-based serologic assays for type-specific
detection of HSV infections provided a powerful epidemiolog-
ical tool for understanding the biology of these closely related
viruses in humans. Nevertheless, this cohort study of Thai
military recruits revealed substantial inconsistency in results
obtained from consecutive serum specimens. Although both
the HSV-1 and HSV-2 BIB tests produced consistent results in
over 90% of the specimen sets, among participants with more
than one specimen and at least one positive result, a substantial
number of serum sets included at least one positive-to-negative
shift. We did not identify any single explanation for this; how-
ever, many of the positive-to-negative shifts in BIB were asso-
ciated with weakly positive specimens. This association was
also supported by the observation in the day-to-day reproduc-
ibility study of a concomitant increase in negative test results in
BIBs with diminished color intensity. Nevertheless, a large
number of weakly positive tests were not associated with pos-
itive-to-negative shifts, particularly for HSV-1. Variation in
color intensity is thus likely to be a more important factor for
interpreting HSV-2 results in this assay.

We tested a subset of specimens in four gG-based assays
with different formats and found that similar inconsistencies
occurred in all of them. The specimen sets used for comparison
were selected on the basis of performance in the BIB assay and
included consistently positive, consistently negative, and shift-
ing sets (negative-to-positive and positive-to negative shifts).

Errors in specimen handling appear to account for some of
the inconsistent results. Among the 33 specimen sets that were
compared among four different HSV assays, HWB results sug-
gested that three of the test sets may have included specimens
from more than one individual. In a large study like this, such
errors are bound to occur, and many of the test sets that were
selected for comparison were chosen because of sequential
positive-to-negative tests on BIB. However, the remaining in-
consistent sets in the comparison study could not be explained
on the basis of discrepant HWB profiles.

The inconsistencies observed in these studies were more
prominent for HSV-2. Epidemiologic studies utilizing immu-
noassays based on gG-2 (6, 8, 10, 13, 22, 24, 30) have reported
similar prevalence figures for the virus in comparable popula-
tions. Shifting of sequential test results has not been described.
One reason could be that studies evaluating age-specific prev-
alence rates for HSV-2 have not routinely retested individuals
who have seroconverted or who tested positive initially, on the
supposition that they will always remain positive.

A limitation of this study is the absence of an undisputed
“gold standard” test for detecting HSV antibodies. The data on
day-to-day variability and color intensity and the observation
that inconsistent test patterns did not occur in an assay that
fails to discriminate HSV-1 from HSV-2 all suggest a a limi-
tation in the sensitivity of gG-based assays. Nonetheless, these
data do not rule out a contributory role for limits in assay
specificity, or even the possibility of a biological phenomenon
resulting in natural fluctuations in HSV antibody levels in vivo.
All of the gG-based assays examined here are adaptable to
semiquantitative formats (i.e., antibody titration) and could be
used to assess individuals over time, including periods follow-
ing known HSV reactivation. The question of sensitivity versus
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specificity could be addressed in humans by performing a re-
producibility study examining sera from culture-confirmed
HSV-1, HSV-2, and dually infected participants, both symp-
tomatic and asymptomatic.

In any event, until these limitations in the reliability of gG-
based serology are better understood and controlled, such tests
should be employed with caution; they are best suited to per-
forming cross-sectional studies of prevalence. Results of inci-
dence studies would be difficult to interpret. In a broader
context, the observation of limitations in the reliability of this
test is likely to extend to many other serologic tests. Assays that
measure immune responses to a single viral protein or to
individual epitopes may be particularly prone to difficulties.
Our results argue that testing of cohort specimens from pop-
ulation-based rather than clinical studies should be a part of
any serologic assay validation scheme. On the basis of these
observations, it is also recommended that serial testing be
performed during studies or procedures for which determina-
tion of type-specific HSV seropositivity is necessary.
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