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In response to the increasingly evident need for herpes simplex virus (HSV) serotype-specific serologic
assays that rely on proteins other than glycoprotein-G (gG), we developed a rapid serologic assay that is based
on type-specific epitopes within the large subunit of HSV ribonucleotide reductase (R1). The assay (Au-2
enzyme-linked immunosorbent assay [ELISA]) uses an HSV type 2 (HSV-2) R1 peptide antigen. It provides a
reliable method for detecting serotype-specific antibody to a protein other than gG-2. The Au-2 ELISA has high
sensitivity and specificity as determined by direct comparison to Western blotting, a widely accepted “gold
standard,” and to ELISA with an HSV-1 R1 peptide (Au-1). The use of the Au-2 ELISA in conjunction with the
gG-2-based assays will improve the sensitivity and specificity of serologic diagnosis and patient management.

Humans are infected by two serotypes of herpes simplex
virus (HSV) that share a high degree of genetic homology (19).
HSV type 2 (HSV-2) is the primary cause of genital herpes,
one of the most common sexually transmitted diseases. World-
wide studies indicate that HSV-2 infection has reached epi-
demic proportions (1, 15, 24, 26, 58, 65). Virus infection can
cause severe generalized disease in the immunocompromised
and in neonates, and it increases the risk of infection with
human immunodeficiency virus (7, 49). Because virus isolation
and typing and/or PCR can only be done during the acute
phase of the infection, serological screening is needed for the
identification of asymptomatic individuals with past HSV-2
infection (2, 6, 16). Serology-based discrimination between
HSV-2 and HSV-1 infection is also important in clinical set-
tings. This includes alerting asymptomatic patients to the risk
of frequent recurrences (more frequent for HSV-2 [61]) or
acquisition of infection with the HSV serotype for which the
patient is negative; confirmation of clinical diagnosis, particu-
larly in patients whose viral cultures are negative; atypical
presentation of genital herpes (33); discordance in HSV infec-
tion in a sexual partnership; and the identification of patients
at risk for adverse sequelae. For example, a pregnant woman,
particularly if she is HSV-2 negative but has an HSV-2-in-
fected sexual partner (34), or the asymptomatic patient at risk
of complications of the central nervous system (HSV-1 infec-
tion can cause encephalitis in adults [18, 32, 62], while HSV-2
infection of the central nervous system is commonly restricted
to a self-limiting, nonfatal meningitis [12, 53]). However, de-
tection of type-specific antibody has traditionally been ham-
pered by the extensive homology between the HSV-2 and
HSV-1 proteins (19) and the resulting cross-reactivity of the
viral antibodies (2, 6, 23, 41).

The presence in HSV-2 glycoprotein G (gG-2) of epitopes
that are not cross-reactive with counterparts in HSV-1 gG-1

(38, 40) has led to the development of type-specific serologic
assays that are based on the gG protein. Overall, commer-
cially available gG-2-based assays have good levels of sensitiv-
ity and specificity (4). However, the use of a single antigen for
type-specific serologic diagnosis suffers from a number of lim-
itations, including loss of relevant epitopes during antigen
preparation, preferential recognition of type-common immu-
nodominant epitopes by sera from various individuals, variable
timing of seroconversion to distinct epitopes, occurrence of
gG-2-negative HSV-2 strains, variability of the gG-1 or gG-2
genes among wild-type virus strains, and loss of gG-1 and gG-2
antibodies in a significant percentage of individuals (3, 13, 20,
21, 37, 47, 55). Some studies have reported false positivity,
which was attributed to the use of specific assay configurations
and/or unique study groups (21, 35, 41, 46). Nonetheless, it is
widely accepted that improved specificity and sensitivity will
require the exploitation of assays based on type-specific
epitopes in HSV proteins other than gG (20, 21, 31, 55). One
such protein is the large subunit of HSV ribonucleotide reduc-
tase (R1, also known as ICP10 and ICP6 for HSV-2 and
HSV-1, respectively), the amino terminus of which has a rela-
tively high proportion of type-specific epitopes (19, 42) and is
structurally and functionally distinct in HSV-2 and HSV-1 (5,
6, 9, 44, 45, 56). Here, we report that an enzyme-linked immu-
nosorbent assay (ELISA) based on type-specific epitopes in the
amino-terminal domain of the HSV-2 R1 protein can detect
serotype-specific antibodies in human sera, and we compare
the results to those obtained by Western blotting.

MATERIALS AND METHODS

Viruses, cells, and virus infection. HSV-2 (strain G) and HSV-1 (strain F)
were previously described (6, 45, 56). Vero (African green monkey kidney) cells
were grown in minimum essential medium with 10% fetal bovine serum and used
for virus growth, as previously described (6).

Patients and sera. A total of 214 sera were included in these studies. Of these,
192 were from human immunodeficiency virus-negative patients seen in a Bal-
timore sexually transmitted disease clinic during the 1980s as part of a National
Institutes of Health-supported study of the role of T-cell immunity in recurrent
HSV outbreaks, and 22 were from patients seen in the dermatology clinics of the
University of Maryland Hospital during the last 4 years as part of a National
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Institutes of Health-supported study of the role of HSV in erythema multiforme.
This latter group of patients was diagnosed with recurrent HSV-2 (13 patients)
or HSV-1 (9 patients) disease confirmed clinically and by virus isolation and
typing. All sera were aliquoted at the time of collection and stored at �80°C until
use. The aliquots used in these studies had not been thawed before. Paired sera
were obtained from HSV-2-infected mice and consisted of a sample drawn
before inoculation and two samples drawn at 2 and 4 weeks after inoculation
(seroconversion panels) (10). The generation and specificity of the rabbit anti-
body to the Au-2 peptide (Au-2 antibody) were previously described (9, 45, 56).
Preimmune rabbit serum served as an additional control.

Antigens. The Au-2 peptide, ARSPSERQEPREPE, was synthesized and con-
jugated to biotin at the amino terminus. It was purified by high-performance
liquid chromatography, and the sequence was verified by microsequencing. Au-2
represents amino acids 13 to 26 of the HSV-2 R1 protein, and it is not present
in the HSV-1 R1 homologue (9, 19, 42). The solid-phase synthesis of the Au-2
peptide, its conjugation to keyhole limpet hemocyanin, a known promoter of
antigenicity, via an additional Cys residue, and polyclonal antibody production in
rabbits were previously described (9). The Au-1 peptide, LAHGHHVYG
QRVNG, represents amino acids 38 to 51 within the HSV-1 R1 protein. It is not
present in HSV-2 R1. The peptides were used as antigens in the ELISA. Optimal
concentrations were determined for each reagent of the test based on results
from checkerboard titrations.

Au-2 and Au-1 ELISAs. The peptides (5 and 500 �g/ml for Au-2 and Au-1,
respectively) were adsorbed to MaxiSorp plates (Nalge Nunc International) in
0.1 M sodium bicarbonate buffer (pH 9.2) by incubation at room temperature
(RT) for 16 h (overnight) with shaking. The plates were washed three times with
distilled water (250 �l/well) to remove unattached peptide and blocked by incu-
bation (30 min) with 1% bovine serum albumin (BSA fraction V) in calcium- and
magnesium-free phosphate-buffered saline (1% BSA–CMF PBS; Gibco-BRL).
Selected wells were blocked without peptide and used as controls; wells contain-
ing antigen, but no serum, were used to normalize absorbance values. Sera were
centrifuged at 16,000 � g in an Eppendorf 5415C microcentrifuge in order to
remove particulate and lipid contaminants, diluted in 1% BSA–CMF PBS, and
added to the plates (100 �l/well). After incubation for 30 min at RT with shaking,
the plates were washed three times with CMF PBS–0.005% Tween 20 (250
�l/well) and treated with goat anti-human immunoglobulin G (IgG) conjugated
to horseradish peroxidase (diluted 1:10,000 in 1% BSA–CMF PBS; 100 �l/well;
Jackson Immunochemicals). They were incubated for 30 min at RT with shaking.
The plates were washed three times, and 100 �l of 2,2�-azinobis(3-ethylbenzo-
thiazolinesulfonic acid) substrate (Kirkegaard & Perry Laboratories, Gaithers-
burg, Md.)/well was added. Following incubation for 30 min at RT, the absor-
bance was read at 405 nm with a Biotek ELX800 microplate reader blanked on
air.

Characterization of the assay. The analytical response curve was determined
by results obtained from twofold serial dilutions of the Au-2 antibody and six
human sera, three from HSV-2- and three from HSV-1-infected patients. In
addition, the following quality control parameters were used to evaluate the test.
For intraassay precision, two sera that represented two levels of reactivity (neg-
ative and low-positive) were tested in several microtiter plates; for each one, n �
3 to 8 wells. The intraassay precision was defined as the coefficient of variation
(CV) obtained from each set of wells. Briefly, the mean and standard deviation
(SD) were calculated and the CV was determined by dividing each SD by each
mean and converting to a percentage. Mean CVs were calculated per individual
and for the entire data set. For interassay precision, aliquots of these samples
were tested in separate microtiter plates (n � 4 to 9). The interassay CV was
determined from the mean and the SD. The interassay precision data were used
to determine acceptable ranges. Acceptability of each plate reading was decided
according to the quality control results. Sensitivity was calculated as follows: [1 �
(number of false negatives/total number tested by Western blotting)]. Specificity
was defined in the same manner, but the number of false positives was used in
place of the false negatives.

Development of a cutoff equation and borderline sera. Samples presumed to
be negative for HSV-2-specific antibody were assayed with the Au-2 peptide.
Using the raw optical density (OD) of these samples, a target cutoff value above
the mean was arbitrarily determined. Negative and positive human sera were
chosen next, based on the mouse seroconversion panels. Finally, a cutoff point
was derived to approximate the target cutoff OD based on the HSV-2-negative
and -positive samples.

Western blotting. The Western blot assay was as previously described (56).
Vero cells were infected with 10 PFU of HSV-2 or HSV-1/cell, and cell extracts
were prepared at 13 h postinfection, when R1 levels are maximal (56). Briefly,
infected cells were lysed with radioimmunoprecipitation buffer (20 mM Tris-HCl
[pH 7.4], 0.15 mM NaCl, 1% Nonidet P-40, 0.1% sodium dodecyl sulfate, 0.5%

sodium deoxycholate) supplemented with phosphatase and protease inhibitor
cocktails (Sigma) and sonicated twice for 30 s at 25% output power using the
Sonicator/Ultrasonic processor (Misonix, Inc., Farmingdale, N.Y.). Total protein
was determined by the bicinchoninic assay (Pierce, Rockford, Ill.), and proteins
were resolved by sodium dodecyl sulfate-polyacrylamide gel electrophoresis on
7% acrylamide gels and transferred to nitrocellulose membranes. The blots were
incubated (1 h, RT) in TN-T buffer (0.01 M Tris-HCl [pH 7.4], 0.15 M NaCl,
0.05% Tween 20) containing 5% nonfat dried milk to block nonspecific binding
and exposed (1 h, RT) to the appropriate antibodies (diluted in TN-T buffer with
5% milk). After three washes with TN-T buffer, the blots were incubated with
anti-human IgG-peroxidase (diluted 1:10,000) for 1 h at RT. In some experi-
ments, protein A-peroxidase (diluted 1:500) was used instead of anti-IgG–per-
oxidase. Detection was with ECL reagents (Amersham Life Science, Arlington
Heights, Ill.) and exposure (1 to 4 min) to high-performance chemiluminescence
film (Hyperfilm ECL; Amersham). If the R1 or gG bands were not visualized and
fewer than four bands appeared that could be identified as HSV specific, an
equivocal profile was reported.

gG-2 based ELISA (Gull Laboratories, Inc., Salt Lake City, Utah). The assay
was performed according to the manufacturer’s instructions, using the supplied
plates coated with affinity-purified gG-2, reference sera, and all diluents. Absor-
bance was read at 405 nm, and OD values were considered positive, negative, or
borderline according to the instructions.

RESULTS

ELISA with Au-2 peptide. Au-2-coated plates were assayed
with twofold-increasing dilutions of IgG purified from the
Au-2 antibody and preimmune rabbit serum, used as a control.
The absorbance (OD) at a 405-nm wavelength was linear up to
a value of 1.9. The highest Au-2 antibody dilution that gave rise
to a twofold higher absorbance value above the maximal re-
sponse seen in the absence of Au-2 peptide or with preimmune
serum was 1:1,600 (Fig. 1A). The Au-2 IgG did not react with
the Au-1 peptide (OD � 0.03 to 0.04). The ELISA was then
repeated with Au-2 peptide and twofold dilutions of nine hu-
man sera, five from HSV-2-infected patients (no. 1876, 1827,
105, 1875, and 1880) and four from HSV-1-infected patients
(no. 102, 1838, 1874, and 358). The OD values for the HSV-2
sera ranged between 0.3 and 0.95 at a dilution of 1:100. The
highest dilution with an OD value higher than 0.25 was 1:400.
The highest OD values for the HSV-1 sera ranged between 0.1
and 0.21 at dilutions of 1:100 to 1:400 (Fig. 1B).

Specificity was confirmed by Western blotting. The Au-2
antibody recognized the R1 protein in extracts from HSV-2-
infected (Fig. 2B, lane 1) but not from HSV-1-infected (Fig.
2B, lane 2) or mock-infected (Fig. 2B, lane 3) cells. The human
sera, studied in parallel with extracts of HSV-2-infected cells,
recognized at least four bands that could be identified as HSV
proteins. Representative results shown in Fig. 2A indicate that
the sera from HSV-2-infected patients recognized R1 and
gG-2 as well as various other, type-common proteins (Fig. 2A,
lanes 1 to 3). The sera from HSV-1-infected patients did not
recognize the R1 and gG-2 proteins, but they were positive for
type-common proteins (Fig. 2A, lane 4).

Multiple additional determinations were performed in order
to examine the reproducibility of the Au-2 ELISA in four to
nine separate assays and on different plates. The absorbance
values for three HSV-2 sera ranged between 0.33 and 0.5, with
a median value of 0.37 and a mean value of 0.38. Absorbance
values for three HSV-1 sera were 0.17 to 0.2, with a median
value of 0.16 and a mean value of 0.17. The intraassay precision
was less than 5%, with an interassay precision of less than 10%.
Essentially similar results (7 to 8% interassay precision) were
obtained using different aliquots of the Au-2 peptide stored at
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�80°C as 1-mg/ml stock solutions, or with antigen-coated
plates stored at �20°C for up to 1 month. Additional controls
consisted of three to six wells lacking various components of
the ELISA in each assay. The mean OD for wells containing all
components except for patient serum was 0.09 � 0.005 (n � 26
plates). The mean OD of wells containing antigen alone was
0.08 � 0.003 (n � 5 plates). Wells containing conjugate alone
had a mean OD value of 0.09 � 0.005 (n � 20 plates), and
wells that contained sera (from HSV-2-positive or -negative
patients) and conjugate, but no antigen, had mean OD values
of 0.11 � 0.01 (n � 17 plates). Collectively, these controls
support the conclusion that the sera from HSV-2-infected pa-
tients specifically bind to the Au-2 peptide antigen.

Definition of the Au-2 and Au-1 ELISA protocols. The fol-
lowing variables were examined in a checkerboard fashion
using 22 sera with Western blotting-confirmed HSV-2 or
HSV-1 specificity: (i) Au-2 peptide concentration (5, 25, and
50 �g/ml); (ii) serum dilution (1:50, 1:100, 1:200, and 1:400);
(iii) time of incubation with substrate (30, 50, 60, and 70 min);
and (iv) reaction temperature (RT and 37°C). Absorbance
values were normalized by subtracting the mean control (no-
serum) value plus 2 SD of the mean. Sensitivity was calculated
as follows: [1 � (number of false negatives/total number of
sera tested by Western blotting)]. Specificity was defined in the
same manner, but the number of false positives was used in
place of false negatives. For all these conditions, sensitivity

FIG. 1. ELISA with Au-2 antibody and human sera. (A) Increasing dilutions of IgG purified from rabbit Au-2 antibody and preimmune rabbit
serum were assayed in the Au-2 ELISA as described in Materials and Methods. (B) Increasing dilutions of sera from patients with HSV-2 or HSV-1
infections confirmed clinically and by virus isolation were assayed in the Au-2 ELISA. Results are shown for representative sera.
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ranged between 86.3 and 100% and specificity ranged between
82 and 100%. The highest sensitivity and specificity were ob-
tained with 5 �g of Au-2 peptide/ml, a 1:50 serum dilution, and
30 min of incubation with substrate at RT. Consequently, this
protocol was adopted for the Au-2 ELISA. Similar analyses
using the Au-1 peptide led to the adoption of a protocol in
which the peptide was used at 500 �g/ml and the serum dilu-
tion was 1:200.

Au-2 ELISA: determination of cutoff value. In order to de-
fine a cutoff value, it was necessary to test sera negative for
HSV-2, even when positive for HSV-1 antibody. They included
rabbit and mouse preimmune sera and sera from nine patients
with HSV-1 infection confirmed clinically and by virus isolation
who denied a history of HSV-2 infection. The mean OD value
of the preimmune rabbit and mouse sera was 0.12. The target
cutoff value (0.17) was arbitrarily set at 10 SD above this mean.
A cutoff equation [(negative control OD/2) � (positive control
OD/4)] was formulated using negative and positive sera from
the mouse seroconversion series (obtained before infection
and at 2 and 4 weeks after infection). It yielded cutoff values of
0.18, 0.19, and 0.19 for three plates used to test these sera. The
highest OD value of the human sera (0.17) was lower than the

calculated cutoff values. Nonetheless, in order to increase re-
producibility, OD values ranging between 0.19 and 0.21 were
considered borderline and not specifically attributable to either
HSV-1 or HSV-2 infection.

Reactivity of human sera with Au-2 and Au-1 peptides. In
order to examine the specificity of the ELISA, we compared
the reactivity profiles of our sera with the Au-2 and Au-1
peptide antigens. Sera collected from 192 subjects with an
unknown history of HSV-2 infection were assayed by Au-2
ELISA, and the results are summarized in the histogram
shown in Fig. 3A. Sera with normalized OD values below 0.19
were considered HSV-2 negative (n � 88). Values between
0.19 and 0.21 were considered borderline (n � 9), and values
above 0.21 were considered HSV-2 positive (n � 95). Most of
the sera had OD values ranging between 0.25 and 0.4. OD
values of �0.79 were seen in 14 sera. Overall, 49.5% of the sera
were positive for HSV-2, 45.8% were negative for HSV-2, and
4.7% were inconclusive. As a control for specificity in the
ELISA itself, the same sera were then assayed with the Au-1
peptide (Au-1 ELISA), and the results are summarized in the
histogram shown in Fig. 3B. Sera with normalized absorbance
values below 0.19 (n � 40) were considered negative, values
between 0.19 and 0.21 (n � 12) were considered borderline,
and values greater than 0.21 (n � 138) were considered posi-
tive. Overall, 72.6% of the sera were positive for HSV-1, 21%
were HSV-1 negative, and 6.3% were inconclusive. The pat-
terns of reactivity for both the Au-2 peptide (49% positive) and
the Au-1 peptide (73% positive) reflected the well-established
proportions of HSV-2- and HSV-1-infected individuals in sim-
ilar populations (58, 64, 65), suggesting that the peptides spe-
cifically bind to HSV-2 or HSV-1 antibodies in the patient sera.
We interpret the data to suggest that the assay is functional
and capable of differentiating between the Au-2 and Au-1
antigens.

Western blotting confirmation of the Au-2 ELISA with hu-
man sera. The specificity of the Au-2 ELISA was next con-
firmed by Western blotting, which is the accepted specificity
standard. All the available sera (a total of 131) were assayed
both by ELISA with Au-2 and Au-1 antigens and by Western
blotting with extracts of HSV-2-infected cells. Results are
shown in Fig. 4 for representative sera and are summarized for
all sera in Table 1. Sera positive in the Au-2 ELISA recognized
the HSV-2, but not the HSV-1, R1 protein, independent of the
ability to react with other type-common proteins. Sera negative
in the Au-2 ELISA did not recognize the HSV-2 R1 protein,
but they could recognize the HSV-1 R1 protein, as shown for
one such serum (no. 268). The overall correlation between the
results obtained by Au-2 ELISA and Western blotting is sum-
marized in Table 1. Using the Western blotting results as the
standard, 66 sera (50.4%) were positive for HSV-2 R1 and 57
of these were also positive by Au-2 ELISA, for a sensitivity of
94.6%. Sixty-two sera were negative for HSV-2 R1 by Western
blotting and 52 of these were also negative by Au-2 ELISA, for
a specificity of 95.4%.

Comparison of the Au-2 and Gull gG-2 ELISAs. The per-
formance of the Au-2 ELISA was directly compared to that of
the Gull gG-2 ELISA for 112 sera, using Western blotting as
the standard. Of the 54 sera positive by Western blotting, 47
were positive by Au-2 ELISA and 44 were positive by Gull
ELISA. Of the 55 Western blotting-negative sera, 47 were also

FIG. 2. Sera from HSV-2 patients recognize HSV-2 R1 in Western
blot analysis. HSV-2 (no. 1876, 1875, and 1880) and HSV-1 (no. 358)
human sera and rabbit Au-2 antibody (anti-Au-2) were assayed by
Western blotting with extracts of HSV-2-, HSV-1-, or mock-infected
cells. Recognized HSV bands are listed in the left margin.

VOL. 11, 2004 R1-DEPENDENT HSV TYPE-SPECIFIC SEROLOGICAL ASSAY 45



negative by the Au-2 ELISA, but only 11 were negative by the
Gull ELISA. Of three sera considered borderline positive by
Western blotting, all were positive by Au-2 ELISA and two
were positive by Gull ELISA. Four of six sera considered
borderline by Au-2 ELISA were negative by Western blotting,
and three of the six Gull borderline sera were also negative by
Western blotting. The data suggest that (i) the Gull assay has

relatively low specificity and (ii) the Au-2 ELISA identifies a
distinct patient subset.

DISCUSSION

Laboratory diagnosis of clinically overt HSV infections is
based on virus isolation and PCR. However, serotype-specific

FIG. 3. Reactivity of human sera with Au-2 and Au-1 peptides. (A) Histogram summarizing the reactivity of human sera with Au-2 peptide.
(B) Histogram summarizing reactivity of the same sera with Au-1 peptide.
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assays are needed for the diagnosis of latently infected pa-
tients. Because Western blotting identifies antibody reactivity
with separated protein bands, it is considered the “gold stan-
dard” for detection of type-specific antibodies (4, 20, 50). How-
ever, the assay is complex and time-consuming, it requires a
specialized laboratory and it is not cost-effective. Accordingly,
simpler assays have been developed, and all are based on the
amino-terminal, cell-associated, domain of gG-2 that contains
type-specific epitopes (27, 36). These assays include immu-
nodot and various ELISA configurations with gG-2 purified
from virus-infected cells, recombinant truncated gG-2 pro-
duced in baculovirus, or synthetic peptides that represent type-
specific epitopes (4, 25, 28, 29, 31, 36, 40, 43, 52, 59, 63). Three
assays are commercially available. They use lectin-purified gG
(54, 59) or recombinant gG produced in baculovirus (46), and
they distinguish between HSV-1 and HSV-2 antibodies (4).
However, the reliability of a diagnostic assay that is based on
type-specific epitopes in a single viral protein (viz. gG-2) suf-
fers from a number of potential limitations. These result from
(i) decreased gG-2 antibody production from acyclovir therapy

(13, 61), (ii) infection with gG-2-negative HSV-2 strains (37),
(iii) general genetic variability of gG in wild-type HSV strains
(37, 48), (iv) false-positive results in some populations (30, 35),
(v) positive-to-negative shifts in gG-1- and gG-2-based seroas-
says in a significant percentage of individuals independent of
the test format (55), and (vi) discordant interpretation of the
results (54). A relatively low concordance between the results
obtained by virus isolation and gG-based serology was also
reported and ascribed to the late time of gG antibody appear-
ance relative to antibodies that target type-common antigens
(21, 48, 55). While gG-2-based diagnosis is reliable overall, and
at least some of the same problems might also apply to assays
based on other viral proteins, data interpretation would greatly
benefit from the concomitant use of assays that are based on
serotype-specific epitopes in proteins other than gG-2 (20, 31,
55) and/or type-common antigens (48). This is particularly true
for patients lacking symptoms or a history of genital HSV, for
whom confirmation of a positive test is particularly desirable
(4).

The Au-2 ELISA uses serotype-specific peptides in the R1
protein to selectively capture type-specific antibody in human
sera. It is based on previous findings that the N-terminal do-
main of the HSV-2 R1 protein is unique and contains predom-
inant type-specific epitopes (5, 6, 9, 19, 44, 45, 56, 57). Cutoff
values used in various ELISA configurations were determined
by adding a constant factor to the mean of the negative con-
trols or adding a specified number of SD to the OD of the
negative samples (17). In order to achieve optimum specificity,
the target cutoff value of the Au-2 ELISA was arbitrarily set at
10 SD above the mean OD of preimmune rabbit and mouse
sera. After this target cutoff value was established, a cutoff

FIG. 4. Correlation of Au-2 ELISA with Western blotting. Western blotting results are shown for eight representative human sera, compared
to Au-2 ELISA results. Data for all sera are summarized in Table 1.

TABLE 1. Direct comparison of Au-2 ELISA to Western
blotting results

Western blotting result
(no.)

No. with ELISA resulta

Positive Negative Borderline

Positive (66) 57 7 2
Negative (62) 6 52 4
Borderline positive (3) 3 0 0
Total (131)

a Sensitivity, 94.7%; specificity, 95.4%.
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value was developed using positive and negative sera from a
mouse seroconversion panel. Both negative and positive con-
trols were tested in each assay, and these tailored cutoff values
were confirmed by testing of sera from patients with infection
confirmed by virus isolation. Nonetheless, in order to increase
reproducibility, we recommend that cutoff values between 0.19
and 0.21 be considered borderline or inconclusive and sub-
jected to Western blot confirmation. Using these criteria, and
with Western blotting as the gold standard, the sensitivity of
the Au-2 ELISA was 94.6% and its specificity was 95.4%.
Contrary to premarket evaluations (4), the Gull gG-2 ELISA
had a relatively high level of false positivity, consistent with
recent findings that the specificity of this assay is only 48% for
HSV-2 (35). Significantly, the Gull assay is no longer available,
and its problems are probably not shared by other gG-2-based
assays. Notwithstanding, these difficulties underscore the need
for a confirmatory assay that is based on other serotype-spe-
cific proteins, such as that provided by the Au-2 ELISA.

The Au-2 ELISA developed in this study provides a reliable
method for detecting serotype-specific antibody to a protein
other than gG-2. The assay demonstrated high sensitivity and
specificity as determined by direct comparison to Western blot-
ting, which is a widely accepted standard. It is based on type-
specific epitopes in the HSV-2 R1 protein, which seems to be
a particularly good target for serologic assays because its ex-
pression is associated with reactivation of latent virus (8, 60)
and there is some evidence of continuous virus reactivation
(22) and, therefore, frequent immunological boosting. Previ-
ous studies described a level of antigenic variability in HSV-2
isolates by using antibodies that recognize sequences within
the carboxy-terminal domain of the R1 protein (11), which
interacts with the small RR subunit (14). Antigenic variability
was not reported for the amino-terminal domain of the HSV-2
R1 protein in which the Au-2 peptide is located, at least to the
extent to which it was investigated (44). While such variability
cannot be excluded, its risk is reduced by the small size of the
peptide compared to a full-length protein, such as gG-2. Ar-
guing in favor of its conservation, the peptide is located within
a stretch of 69 amino acids which are required for R1 protein
expression (39) and, thereby, virus growth (57). Additional
studies are needed in order to verify the validity of these
interpretations. We advocate the use of the Au-2 assay in con-
junction with, rather than instead of, the gG-2 assay. Such use
should improve data interpretation, the sensitivity and speci-
ficity of serologic diagnosis, and patient management.
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