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In this study, the optimal combination of three commercial glycoprotein G-2 (gG-2)-based herpes simplex
virus type 2 (HSV-2) type-specific enzyme-linked immunosorbent assays (Euroimmun anti-HSV-2 immuno-
globulin G [IgG] ELISA [Eu2], Gull HSV-2-specific IgG ELISA [Gu2], and Radim HSV-2 IgG ELISA [Ra2])
and one gG-2-based HSV-2-specific immunoblot (Euroimmun anti-HSV-1/HSV-2 gG Western blot [EuW]) was
determined with regard to diagnostic performance and cost efficiency. Two hundred fifty serum samples were
included in this study, 194 of which were from female prostitutes. When a formal primary “gold standard” was
defined based on majority agreement of the commercial tests, with EuW being decisive in stand-off situations,
the sensitivity and specificity of the assays in the samples from prostitutes were as follows: Eu2, 100 and
89.22%; Gu2, 94.44 and 96.08%; Ra2, 61.18 and 95.10%; and EuW, 98.90 and 100%. The most cost-effective
confirmatory strategy in the samples from prostitutes was screening with Eu2, retesting positive and equivocal
samples with Gu2, and resolving the remaining discordant results with EuW (estimated additional costs per
sample, 79.02%; sensitivity, 100%; positive predictive value, 96.81%). Applying a self-developed gG-2-indepen-
dent assay to the discordant and concordant negative samples in the samples from prostitutes suggested that
the primary gold standard may have missed six HSV-2-positive samples. In conclusion, confirmatory strategies
based on commercial gG-2-dependent seroassays result in an increase in the specificity of HSV-2-specific
serology. However, further improvement of the sensitivity of current HSV-2-specific serology may require the
additional exploitation of the gG-2-independent type-specific antibody response.

Genital herpes represents a global problem for public
health, as it is one of the most prevalent sexually transmitted
diseases (9). The number of people experiencing painful,
chronic remittent illness due to genital herpes is estimated to
be approximately 90 million worldwide. Serious medical con-
sequences of genital herpes are neonatal infections and an
increased risk of acquisition of other sexually transmitted in-
fectious agents, such as human immunodeficiency virus (14,
33). In addition, genital herpes causes considerable psycholog-
ical and psychosexual morbidity (27). Thus, measures to con-
trol its spread and guidelines for the management of infected
individuals are urgently needed. Although herpes simplex virus
type 1 (HSV-1) may be the causative agent of a significant
proportion of first episodes of genital herpes, especially in
young white females, the principal agent of chronic remittent
herpes genitalis is HSV-2 (7). The abilities of the viruses to
cause recurrent infections in the anogenital region differ sig-
nificantly (20), with median recurrence rates of 5 for HSV-2
and 1 for HSV-1 in the first year after primary infection (4). A
number of serological surveys indicate that in developed coun-
tries there is an ongoing HSV-2 epidemic, with a significant
rise in HSV-2 seroprevalence over the last 2 decades (8, 11, 12,
18, 28). Risk factors for the acquisition of HSV-2 are female
gender, high number of lifetime sexual partners, black race

and/or African country of origin, and low socioeconomic status
(17).

Roughly two-thirds of HSV-2 infections remain subclinical
or completely asymptomatic. Therefore, most infections with
HSV-2 remain undiagnosed, and the number of HSV-2 carri-
ers is frequently underestimated. The high proportion of un-
recognized carriers facilitates spread of HSV-2, since virus is
shed intermittently from anogenital sites of most HSV-2-sero-
positive individuals. The majority of new infections with
HSV-2 is thus believed to result from sexual contacts during
periods of asymptomatic viral shedding by source partners
(26).

Since virus isolation and PCR yield positive results only
during phases of active infection and virus shedding, serolog-
ical screening is needed for the reliable identification of indi-
viduals with a past HSV-2 infection (13). Detection of type-
specific antibodies against HSV-2, however, is hampered by
the extensive serological cross-reactivity between HSV-1 and
HSV-2. At present, commercial immunoassays allowing a re-
liable detection of HSV-2-specific antibodies are mainly based
on glycoprotein G-2 (gG-2) as the diagnostic antigen (2, 16).
Glycoproteins G of HSV-1 and HSV-2 are highly divergent
(25) and typically elicit no or only limited humoral cross-reac-
tivity (21, 22).

Despite substantial progress in the development of simple,
cost-effective commercial assays, such as gG-2-based enzyme-
linked immunosorbent assays (ELISAs), however, determina-
tion of the individual serostatus may require confirmation of
results in a second assay, such as immunoblotting. To address
this problem, we first analyzed the diagnostic performance of
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three commercial type-specific ELISAs and a commercial im-
munoblot in a high-HSV-2-risk collective. Additionally, a gG-
2-independent in-house immunoblot assay was applied. The
principle of this test (which has been successfully employed for
the identification of cross-reactive antibodies between HSV
and varicella-zoster virus [19]) was to perform an immunoblot
assay on blot strips carrying HSV-2 full antigen with serum
samples that had each been preabsorbed with HSV-1 lysates,
HSV-2 lysates, or both or mock absorbed. Changes in the
reactivity pattern after preabsorption allowed a differentiation
between type-common and HSV-2-specific reactivity of a given
serum sample, taking into account the complete pattern of
HSV-2-specific humoral immune response directed against
epitopes other than gG-2. Based on the results of the commer-
cial seroassays, we then evaluated potential confirmatory strat-
egies.

Our results show that of all confirmatory strategies based
exclusively on commercial assays, the sequential use of two
screening ELISAs and retesting of sera with equivocal results
by immunoblotting was the most cost-effective approach with
reasonable sensitivity and specificity. The results obtained with
the gG-2-independent assay suggested that the commercial
assays may have missed some HSV-2-positive samples and that
additional gG-2-independent approaches are needed to maxi-
mize the sensitivity of HSV-2-specific seroassays.

MATERIALS AND METHODS

Patients and sera. A total of 250 serum samples were included in this study,
194 from routine examinations of human immunodeficiency virus-negative fe-
male prostitutes from North Rhine-Westphalia and 56 from nonselected hospi-
talized patients without type-common antibodies in Enzygnost HSV-IgG ELISA
(Dade Behring, Marburg, Germany) as negative controls.

Viruses and cells. The HSV strains in this study were the strains used by
Euroimmun (Gross-Groenau, Germany) for production of the anti-HSV-1/
HSV-2 gG Western blot assay (EuW) and the immunoblot strips employed in the
in-house HSV-2-specific immunoblot assay (IhW; see below), i.e., HSV-1 strain
F (ATCC 733) and HSV-2 strain G (ATCC 734). Viral stocks were obtained by
serial passages at a multiplicity of infection of 0.01 PFU/cell. Low-passage titers
were approximately 5 � 105 PFU/ml for HSV-1 F and 5 � 104 PFU/ml for

HSV-2 G. For propagation of virus stocks, Vero cells (Vircell, Grenada, Spain)
were used for HSV-1 and MRC-5 cells (Vircell) were used for HSV-2. Cells were
maintained in 100% humidity, 5% CO2, and Eagle’s minimal essential medium
supplemented with antibiotics (penicillin, 100 U/ml; streptomycin, 100 �g/ml)
and 5% fetal calf serum.

Type-common HSV ELISA. All serum samples were tested for the presence of
type-common HSV immunoglobulin G (IgG) and IgM antibodies with the En-
zygnost HSV/IgG and IgM ELISA (Dade Behring; BeG and BeM, respectively)
according to the manufacturer’s instructions.

HSV-2-specific commercial assays. The three HSV-2-specific ELISAs are
based on gG-2: the Euroimmun anti-HSV-2 IgG ELISA (Eu2), the Gull Labo-
ratories (Bad Homburg, Germany) HSV-2-specific IgG ELISA (Gu2), and the
Radim (Sulzbach, Germany) HSV-2 IgG ELISA (Ra2). EuW consisted of HSV-
1-loaded Western blot strips with an additional gG-2 band blotted onto the
bottom of the strip. All tests were carried out according to the manufacturers’
instructions.

Production of viral antigens and preabsorption of sera. Production of viral
antigens for preabsorption of sera was always done with Vero cells. Tissue
culture flasks (175 cm2) were infected at a multiplicity of infection of 1 to 5
PFU/cell and incubated at least for 2 days or until 100% cytopathic effect was
reached. Subsequently, cells were scraped into the medium and pelleted in
conical 50-ml tubes by centrifugation at 2,000 � g and 4°C for 15 min. The
supernatant was discarded, and the pellet was stored at �80°C until further use.
To obtain cell lysates for preabsorption of sera, pellets were thawed, sonicated at
80 W for 5 min, and resuspended in 880 �l of sample dilution buffer provided
with the Euroimmun Western blot kit. Preabsorption was performed by mixing
20 �l of serum with 440 �l of cell lysate and 40 �l of proteinase inhibitor
(Complete; Roche, Mannheim, Germany) stock solution prepared according to
the instructions of the manufacturer and adjusting to a final volume of 1 ml with
sample dilution buffer. For mock absorption, the cell lysate was replaced with the
appropriate volume of sample dilution buffer, and for preabsorption with both
HSV types, 440 �l of HSV-1 lysate and 440 �l of HSV-2 lysate were used.
Preabsorption mixtures were incubated at 4°C for 20 h under vigorous shaking
and subsequently cleared by centrifugation at 50,000 � g and 4°C for 30 min. The
supernatants were recovered, adjusted to 3 ml with sample dilution buffer to give
a final serum dilution of 1:150, and stored at �20°C until further use.

IhW. The immunoblot strips loaded with HSV-2 full antigen were manufac-
tured by Euroimmun and are commercially available from Euroimmun upon
request. Four strips per serum were preincubated with 1.5 ml of sample dilution
buffer (see above) at room temperature for 15 min. Subsequently, one strip was
incubated with 2 ml of mock-preabsorbed serum, a second strip was incubated
with 2 ml of the same serum preabsorbed with HSV-1 lysate, a third strip was
incubated with 2 ml of the serum preabsorbed with HSV-2 lysate, and a fourth
strip was incubated with 2 ml of the same serum preabsorbed with both HSV
strains. After overnight incubation at room temperature, strips were washed and

FIG. 1. Prototype reactivity patterns of HSV-positive human sera in the HSV-2-specific in-house confirmatory assay. (A) HSV-2-negative
serum; (B) exclusively HSV-2-positive serum; (C) HSV-1- and HSV-2-positive serum. Strips were loaded with lysates of HSV-2-infected cells.
Shown are the serum reactivity patterns observed after mock absorption (a) or preabsorption with HSV-1 (b), HSV-2 (c), or HSV-1 and HSV-2
(d).
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further processed as described previously (19). The typical patterns for sera
positive for HSV-2 antibodies, HSV-1 antibodies, or both are shown in Fig. 1.
The criteria for the interpretation of the IhW are given in Table 1.

Test flow and definition of the HSV-2 serostatus. All assays were performed by
individual technical staff who were not informed about the outcome of the other
tests. Sera were considered true HSV negatives if they were negative by BeG and
showed no reactivity with HSV antigens by EuW. Sera positive by BeG were
considered HSV positive. All sera were tested in parallel with Eu2, Gu2, Ra2,
and EuW for HSV-2-specific antibodies; for the definition of a primary “gold
standard” (PGS), sera with three or more positive results in the commercial tests
were considered true HSV-2 positives, and in stand-off situations, the result of
the EuW was used to determine the HSV-2 serostatus.

Estimation of cost of confirmatory strategies. The estimation of additional
costs raised by the individual confirmatory strategies was done in a relative
manner. Based on the official tariffs of the German health insurance (Ge-
bührenordnung für Ärzte), we defined the relative cost of an ELISA as 1 and the
cost of a Western blot assay as 3.352. Cost estimations for a hypothetical low-risk
collective were done by disregarding borderline results and assuming that the
diagnostic performance of confirmatory tests was the same as in the high-risk
collective studied here. The costs of a given confirmatory strategy were expressed
as (i) the additional costs per sample in relation to the costs of the respective
screening assay and (ii) the cost per additionally correctly diagnosed sample in
relation to screening only.

RESULTS

HSV seroprevalence in female prostitutes. Three of 194
serum samples did not react with the entire panel of commer-
cial HSV type-common and HSV-2-specific seroassays em-

ployed in this study and were classified as HSV IgG and IgM
seronegative. The remaining sera were positive by BeG (type-
common HSV IgG), corresponding to a proportion of HSV-
seropositive individuals of 98.5% (191 of 194). HSV IgM was
detected in two HSV IgG-positive sera (BeM), and 20 sera
gave equivocal results by BeM.

Specificity of the commercial gG-2-based ELISAs in an
HSV-seronegative control group. Fifty-six serum samples from
HSV IgG- and IgM-seronegative individuals were assayed (for
source and definition of HSV-negative control sera, see Ma-
terials and Methods). All samples were HSV-2 negative by Eu2
and EuW. In Gu2, four samples (7.1%) were repeatedly reac-
tive and two samples (3.6%) yielded equivocal results. Thir-
teen samples (23.2%) were found to be reactive by Ra2, and
four (7.1%) gave equivocal results. A single serum sample was
positive by Gu2 and Ra2. No serum sample gave equivocal
results in both assays.

Detection of HSV-2-specific antibodies in female prostitutes
by commercial seroassays. The results obtained with the gG-
2-based HSV-2-specific seroassays are summarized in Table 2.
In Eu2, 102 serum samples (52.57%) were reactive, 91
(46.91%) were negative, and 1 (0.52%) gave an equivocal re-
sult. In Gu2, 89 samples (45.88%) were reactive, 103 (53.09%)
showed no reactivity, and 2 (1.03%) gave equivocal results. In

TABLE 1. Evaluation criteria for the in-house confirmatory assay

Observation Result for:

Strip a Strip b Strip c Strip d HSV-2 HSV-1

No bands No bands No bands No bands Negative Negative
Clear band(s) No bands No bands No bands Negative Positive
Clear band(s) Bands at the same position as on strip

a, same intensity of the signal
No bands No bands Positive Negative

Clear band(s) Bands at the same position as on strip
a, removal of antibody reactivity with
single bands and/or lower intensity of
the signal

No bands No bands Positive Positive

TABLE 2. Comparison of HSV-2 type-specific seroassays in sera from female prostitutes (n � 194)

gG-2-based EIA(s)
gG-2-based
commercial
immunoblot No. of sera positive by IhW/no. retested

Yielding positive result Yielding equivocal result Yielding negative result No. of sera Resulta No. of sera

Eu2, Gu2, Ra2 52 Pos 51 14/14b

Neg 1 1/1
Eu2, Gu2 Ra2 6 Pos 6 6/6
Eu2, Gu2 Ra2 30 Pos 27 26/27

Neg 3 1/3
Eu2 Gu2 Ra2 1 Pos 1 1/1
Eu2 Gu2, Ra2 13 Pos 5 5/5

Neg 8 2/8
Gu2 Ra2, Eu2 1 Neg 1 0/1
Ra2 Gu2 Eu2 1 Neg 1 1/1
Ra2 Eu2, Gu2 4 Neg 4 0/4

Eu2 Gu2, Ra2 1 Neg 1 1/1
Ra2 Eu2, Gu2 1 Neg 1 0/1

Eu2, Gu2, Ra2 84 Neg 84 1/81c

a Pos, positive; neg, negative.
b Sera were tested when the in-house confirmatory assay was evaluated.
c Only HSV-positive sera (n � 81) were retested with the in-house confirmatory assay.

VOL. 40, 2002 CONFIRMATORY ASSAYS FOR HSV-2 ANTIBODY DETECTION 409



Ra2, 57 samples (29.38%) were positive, 130 (67%) were neg-
ative, and 7 (3.61%) gave equivocal results.

A total of 108 sera from female prostitutes were reactive in
at least one gG-2-based ELISA. Of these, only 52 were shown
to be consistently positive in all assays; 84 were consistently
negative in all gG-2-based ELISAs, and 10 gave repeatedly
equivocal results in gG-2-based ELISAs. Of the 194 sera from
female prostitutes, 90 were recognized as HSV-2 seropositive
by EuW.

Agreement of commercial gG-2-based seroassays. Com-
pared to the outcome of gG-2-based ELISAs, positive results
in immunoblot EuW were obtained for 51 of 52 sera concor-
dantly positive by Eu2, Gu2, and Ra2, in all six sera positive by
Eu2 and Gu2 and equivocal by Ra2, in 27 of 30 sera positive by
Eu2 and Gu2, in a single serum positive by Eu2 and equivocal
by Gu2, and in 5 of 13 sera solely positive by Eu2. All sera
concordantly negative by Eu2, Gu2, and Ra2 (n � 84) were
also negative by EuW. Only 135 of 194 sera (69.6%) from
female prostitutes gave concordant results in all commercial
HSV-2-specific assays employed. Ra2 showed the highest rate
of discrepant results. When the outcome of Ra2 was disre-
garded, concordant results were obtained in 173 sera (89.2%),
i.e., 84 (48.6%) sera were positive and 89 were negative. Of the
remaining 21 sera with discrepant results, 6 were positive by
EuW. Four sera were negative by EuW but positive by Eu2 and
Gu2, and one of these sera was additionally positive by Ra2.

Overall performance of the commercial assays. When a for-
mal PGS was established as described in Materials and Meth-
ods, i.e., a “majority decision” of the four commercial assays,
the EuW being decisive in stand-off situations, 91 true-positive
and 103 true-negative sera were identified in the prostitute
sample collective (n � 194; prevalence, 46.91%). Based on this
standard, the sensitivities, specificities, negative predictive val-
ues (NPVs), and positive predictive values (PPVs) of the com-
mercial assays were as follows (Table 3): Eu2, 100, 89.22, 89.22,
and 100%; Gu2, 94.44, 96.08, 95.51, and 95.15%; Ra2, 61.18,
95.10, 91.23, and 74.62%; and EuW, 98.9, 100, 100, and
99.04%. When a low-risk collective with a hypothetical preva-
lence of 10% was assumed for the calculation of predictive
values, the PPVs and NPVs for the commercial tests were
50.75 and 100% (Eu2), 72.80 and 99.36% (Gu2), 58.10 and
95.66% (Ra2), and 100 and 99.88% (EuW).

IhW. The performance of the IhW, that is, the efficacy of the
preabsorption protocol for the stepwise removal of cross-reac-
tive and HSV type-specific antibodies, was evaluated with 14
sera concordantly positive in the commercial HSV-2-specific
seroassays and 14 sera consistently negative in these seroas-
says. In all these sera, the presence or absence of HSV-2-
specific antibodies was detected: specific antibody reactivity
with HSV-2 antigens remained after preabsorption with
HSV-1 antigens but was abolished completely by preabsorp-
tion with HSV-2 antigens in gG-2-reactive sera, whereas pre-
absorption of gG-2-nonreactive sera with HSV-1 antigens com-
pletely abolished antibody reactivity with HSV-2 antigens (Fig.
1). All HSV-positive sera with discrepant (n � 59) or concor-
dant negative (n � 81) results in the commercial HSV-2-spe-
cific seroassays were retested by the IhW. In 44 of 59 sera with
discordant results in the commercial HSV-2-specific seroassays
and in a single serum out of 81 HSV-positive sera without
evidence of HSV-2-specific antibodies in gG-2-based commer-
cial seroassays, the presence of HSV-2-specific antibodies was
shown by the IhW (Table 2). In summary, six samples identi-
fied as HSV-2 negative by the PGS gave positive results in the
IhW. The portion of additional IhW-positive samples in-
creased with the number of commercial ELISAs positive for
the respective samples: 1 of 81 (1.23%) when no commercial
test was positive but 4 of 18 (22.22%) when one or two ELISAs
were positive.

According to the outcome of IhW, a revised gold standard
(RGS) was defined, including the samples additionally positive
by the IhW. Based on this RGS, the HSV-2 seroprevalence in
female prostitutes was 50% (97 of 194). A reranking of the
HSV-2-specific commercial seroassays based on the RGS led
to better specificities of ELISAs and revealed a general de-
crease of sensitivity of all commercial assays (Table 3).

Assessment of confirmatory strategies. By using both gold
standards as described above for comparative calculations, the
performance of combinations of the commercial HSV-2-spe-
cific seroassays Eu2, Gu2, and EuW was investigated. For
reasons of cost, we considered only approaches employing an
ELISA for screening. The performances of the six confirma-
tory strategies considered here are summarized in Table 4.
Due to its obviously poor diagnostic performance, the Ra2
ELISA was not further considered in this context.

TABLE 3. Performance of commercial HSV type-specific assays

Standard and assay
Value (%)

Sensitivity Specificity PPV NPV PPVa NPVa

PGS
Eu2 100.00 89.22 89.22 100.00 50.75 100.00
Gu2 94.44 96.08 95.51 95.15 72.80 99.36
Ra2 61.18 95.10 91.23 74.62 58.10 95.66
EuW 98.90 100.00 100.00 99.04 100.00 99.88

RGS
Eu2 97.92 91.75 92.16 97.80 56.88 99.75
Gu2 90.53 96.91 96.63 91.26 76.48 98.93
Ra2 58.24 95.83 92.98 70.77 60.83 95.38
EuW 92.78 100.00 100.00 93.27 100.00 99.20

a Value obtained assuming a hypothetical HSV-2 seroprevalence of 10%.
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A simple and economic strategy would be to employ Eu2 or
Gu2 as a screening test and to confirm only equivocal results by
EuW (strategies 1 and 3; additional cost per sample, 1.72 and
3.47%, respectively). However, in the high-risk collective
tested, this confirmatory strategy would have no or little effect
on the overall sensitivity and specificity of HSV-2-specific se-
rology compared to the use of a sensitive gG-2-based ELISA
alone, irrespective of the gold standard applied. In contrast,
confirmation of all equivocal and positive results by Eu2 and
Gu2, respectively, by EuW (strategies 2 and 4) would allow a
significant improvement in the overall specificity (89.22 to
100% for Eu2 and 96.08 to 100% for Gu2), but at the cost of
a loss of sensitivity due to false-negative results in EuW. This
effect was even more pronounced when calculations were
based on the RGS. Following this confirmatory strategy in the
prostitute sample collective, approximately one-half of the se-
rum panel would have to be retested by immunoblotting,
thereby greatly increasing the costs per sample compared to
screening with an ELISA only (strategy 2, 177.92%; strategy 4,
157.2%).

A strategy comprising the simultaneous testing of all sam-
ples by Eu2 and Gu2 and retesting of all samples with discrep-
ant or equivocal results with EuW can be expected to possess
a reasonable sensitivity and specificity in the high-risk collec-
tive tested here (strategy 5). This approach entails additional
costs of 129.39% per sample. Similar performance, albeit with
a significantly lower number of assays and significantly less
additional cost (79.02%), can be obtained with a three-step
approach: all sera with positive or equivocal results by Eu2 are
first retested with Gu2, and sera negative or equivocal by Gu2
are confirmed by EuW (strategy 6).

As a rule of thumb, all confirmatory strategies improved
specificity at constant or only slightly reduced sensitivity com-

pared to a single ELISA when the PGS was applied. If the
RGS was applied, all confirmatory strategies led to a more
pronounced loss of sensitivity and a gain in specificity (strate-
gies 1, 3, 5, and 6) compared to the screening ELISAs. The
costs per additional correct diagnosis (Table 4) roughly corre-
lated with the respective additional costs per sample.

DISCUSSION

Identification of undiagnosed HSV-2 carriers by type-spe-
cific seroassays is an important measure to prevent virus trans-
mission and monitor virus spread within the population (9). In
recent years a number of seroassays based on gG-2 as the
diagnostic antigen have been established and introduced into
the market, most of which have proved to be useful diagnostic
tools, allowing sensitive and specific detection of HSV-2-spe-
cific antibodies in human sera (1, 3, 10, 13, 15). Our results
show that this holds true also for both newly developed com-
mercial HSV-2-specific seroassays evaluated in the present
study, i.e., Eu2 and EuW. There is evidence in the literature,
however, that the reliability of actual gG-based HSV type-
specific seroassays should not be overestimated because of (i)
the effects of acyclovir treatment on anti-gG-2 antibody induc-
tion (6), (ii) occurrence of gG-2-negative HSV-2 strains (23),
(iii) general genetic variability of gG (29), and (iv) positive-to-
negative shifts in gG-1- and gG-2-based type-specific seroas-
says independently of the test format used in a significant
percentage of individuals (31). Thus, actual gG-based type-
specific seroassays may be well suited to cross-sectional anal-
yses of the seroprevalence of both HSV types in defined col-
lectives. However, there still appear to be deficits in the
reliable determination of the individual type-specific serosta-
tus.

TABLE 4. Evaluation of confirmatory strategies

Standard and strategya

Value (%)b

Sensitivity Specificity PPV NPV Costd Coste
10% Prevalencec

PPV NPV Costd Coste

PGS
1 100.00 89.32 89.22 100.00 1.73 335.16 50.99 100.00 ND ND
2 98.90 100.00 100.00 99.04 177.92 3,138.34 100.00 99.88 66.01 680.63
3 94.51 96.12 95.56 95.19 3.46 335.16 73.00 99.37 ND ND
4 93.41 100.00 100.00 94.50 157.20 6,099.93 100.00 99.27 43.49 1,232.35
5 100.00 97.09 96.81 100.00 129.39 2,788.63 79.23 100.00 ND ND
6 100.00 97.09 96.81 100.00 79.02 1,703.03 79.23 100.00 29.35 413.85

RGS
1 97.94 91.75 92.23 97.80 335.16 56.89 99.75 ND ND
2 92.78 100.00 100.00 93.27 6,904.31 100.00 99.20 57.71 777.16
3 89.69 96.91 96.67 90.38 335.16 76.32 98.83 ND ND
4 87.63 100.00 100.00 88.99 15,249.82 100.00 98.64 39.66 1,426.21
5 94.85 97.94 97.87 95.00 6,274.45 83.64 99.42 ND ND
6 94.85 97.94 97.87 95.00 1,915.94 83.64 99.42 25.58 459.25

a Strategies are as follows: 1, screening with Eu2 and confirming equivocal results with EuW; 2, screening with Eu2 and confirming all positive and equivocal results
with EuW; 3, screening with Gu2 and confirming all equivocal results with EuW; 4, screening with Gu2 and confirming all positive and equivocal results with EuW;
5, screening with Eu2 and Gu2 in parallel and resolving all discordant results with EuW; 6, screening with Eu2, retesting all positive and equivocal results with Gu2,
and resolving the remaining discordant results with EuW.

b ND, not determined.
c Assuming a hypothetical 10% HSV-2 seroprevalence.
d Additional cost of the confirmatory strategy per sample relative to the cost of screening only; in the high-risk collective identical values are obtained for PGS and

RGS.
e Additional cost of the confirmatory strategy per additional correctly diagnosed sample relative to the cost of screening only.
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As a basis for calculating the performance parameters for
the commercial type-specific assays, we first defined a gold
standard based exclusively on the results of the commercial
assays (PGS; see above). The 46.91% HSV-2 seroprevalence
found with this standard in the sera from prostitutes and the
fact that all HSV type-common negative sera were also nega-
tive by this standard made it highly plausible. All consider-
ations below refer to this PGS unless stated otherwise.

Of the commercial HSV-2-specific seroassays used in this
study, Eu2 had the highest sensitivity (100%) and EuW had the
highest specificity (100%).

Gu2 has already been evaluated in a number of previous
studies and found to be highly sensitive and specific. Its sensi-
tivity and specificity have been reported to be 98 and 97% (3),
96 and 96.2% (10), and 99.7 and 96.7% (13). In the present
study, the diagnostic performance of this assay was found to be
slightly lower (94.44% sensitivity and 96.08% specificity); how-
ever, this may be due to different patient collectives and dif-
ferent definitions of the gold standard.

In accordance to an earlier report (30), the diagnostic per-
formance of Ra2 was poor. Due to its unacceptably low sen-
sitivity of 61.18%, the use of this assay cannot be recom-
mended, and it was not further considered during evaluation of
confirmatory strategies.

The observed differences in the specificity between the com-
mercial type-specific assays may become more accentuated in a
low-risk collective. Thus, calculating the predictive values for a
hypothetical collective with 10% HSV-2 seroprevalence, as
found in German pregnant women (10, 34), suggested a sig-
nificant drop in the PPVs of the screening ELISAs, whereas
the PPV of the EuW remained unchanged (for details see
Table 3).

Calculation of the overall agreement of the commercial
HSV-2-specific assays demonstrated that only roughly two-
thirds of sera gave concordant results in all commercial assays
(135 of 194; 69.59%). Thus, in order to finally resolve the
individual HSV-2-specific serostatus, we studied the diagnostic
benefit of potential confirmatory strategies as has been pro-
posed previously (9), employing the commercial assays evalu-
ated in this study.

With respect to technical and economical expenses, HSV-2-
specific ELISAs appear to be the most suitable for screening
purposes, particularly when large patient collectives are to be
tested. As reported earlier (5), immunoblotting and related
techniques offer the highest specificity for the detection of
HSV-2-specific antibodies, especially in the presence of high
levels of cross-reactive antibodies, and therefore appear to be
highly suitable as confirmatory assays. Accordingly, EuW
showed the highest specificity (100%) of all commercial HSV-
2-specific seroassays.

Due to the low number of equivocal results in the screening
ELISAs, solely retesting sera with equivocal results in the
screening assay by EuW had little or no effect on overall per-
formance (confirmatory strategies 1 and 3) (Table 4). Confir-
mation by EuW of all positive and equivocal results obtained in
a screening ELISA was found to increase significantly the
PPVs and to reduce slightly the sensitivity of HSV-2-specific
antibody detection (strategies 2 and 4) (Table 4). The addi-
tional costs of the latter two confirmatory strategies are the
highest of all options evaluated (177.92% with Eu2 as the

screening assay and 157.20% with Gu2 as the screening assay),
because of the high number of immunoblots to be performed
in the high-prevalence collective. Thus, confirmatory strategies
involving a gG-2-based screening assay and a gG-2-based im-
munoblot will be most applicable in low-risk collectives where
the number of additional immunoblots to be performed is low,
e.g., 57.71 or 39.66% additional cost for Eu2 or Gu2 used as a
screening assay, respectively, in a collective with a hypothetical
10% HSV-2 seroprevalence. The combination of two ELISAs
for screening, either by testing all sera in parallel or by retest-
ing all sera with positive or equivocal results in the first assay
by a second screening assay and confirmation of discrepant
results by a gG-2-based immunoblot, may be particularly suit-
able for achieving a reasonable sensitivity and specificity in a
high-risk collective without the need for retesting a large num-
ber of sera by immunoblotting (strategies 5 and 6; additional
costs, 129.39 and 79.02%, respectively) (Table 4). Although the
latter strategy is associated with the least additional cost in a
hypothetical low-prevalence collective (strategy 6; 29.35% ad-
ditional cost per sample) (Table 4), it exhibits a PPV of
79.23%, which is significantly less than the 100% PPV of strat-
egies 2 and 4. Thus, a slightly more expensive confirmatory
approach (e.g., approximately 30% additional cost of strategy
6 versus 42% additional cost of strategy 4) may be justified by
a considerable gain in PPV in low-prevalence collectives.

Since actual commercial HSV-2-specific seroassays are
based exclusively on gG-2 as the diagnostic antigen, only in-
house assays come into consideration for a gG-2-independent
confirmation of the type-specific humoral immune response.
As a gG-2-independent assay we developed an HSV-2 immu-
noblot combined with an additional preabsorption protocol for
the removal of cross-reactive antibodies and control of the
specificity of antibody reaction observed. By design, this assay
should allow the detection of HSV-2-specific antibodies di-
rected against viral proteins other than gG-2. Inclusion of the
additionally positive samples identified by this assay to revise
the PGS appeared to be justified with respect to (i) its good
overall accordance with the PGS (150 of 157 sera tested;
95.54%) and (ii) the fact that five of six additionally positive
samples were also positive by one or more type-specific com-
mercial assays. The remaining sample positive in IhW but
concordantly negative in all commercial assays did not contain
HSV IgM antibodies, a marker of primary HSV-2 infection.
This case may represent infection with a gG-2-negative HSV-2
strain (23). Only a single sample positive according to the PGS
was negative in the IhW. Although this discrepancy could the-
oretically be due to an immune response to type-common
epitopes on gG-2, recent studies strongly suggest that this is
most probably only a hypothetical possibility (21, 24, 32), and
we therefore considered this result a false-negative IhW result.

Based on the RGS, recalculation of the performances of the
type-specific commercial assays and confirmatory strategies
(Tables 3 and 4) indicated a slight loss in sensitivity of all
commercial assays and confirmatory strategies, with the
changes being most pronounced for EuW (98.9 to 92.78%).
Correspondingly, all commercial HSV-2-specific ELISAs and
all confirmatory strategies exhibited an increase in specificity.
The slight specificity gains of the screening ELISAs and the
loss of sensitivity of the EuW can be interpreted as a probable
lack of sensitivity of the EuW in this context. The occurrence
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of false-negative results has therefore to be considered if both
the screening assay and the confirmatory assay rely on gG-2 as
the diagnostic antigen. It might therefore be expected that the
use of assays like the IhW for confirmation would improve the
sensitivity of confirmatory strategies. It should be noted, how-
ever, that half of the additional positive samples (three of six)
would have already been missed at the screening stage.

In conclusion, our results show that contemporary gG-2-
based commercial assays and confirmatory strategies based on
them exhibit favorable diagnostic performances. Further im-
provements especially with regard to sensitivity seem possible
but can probably be achieved only if antigens other than gG-2
are added to these tests.

Recommendations for potential confirmatory strategies may
vary significantly with respect to the commercial assays em-
ployed and patient collectives analyzed. Therefore, further
studies are needed which focus specifically on the evaluation of
confirmatory strategies for type-specific HSV serology and
their diagnostic benefit in various clinical and epidemiological
settings.
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