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CDC guidelines recommend confirmatory testing of sera with low-positive indices (1.10-3.50) in the
HerpeSelect® (HSLT) HSV-2 IgG screening assay. To determine if this recommendation is adequate for our pa-
tient population, we reviewed HSLT HSV-2 IgG screening indices for 262 screen-positive sera (index >1.10)
tested in our confirmatory assay, which assesses inhibition of binding to recombinant gG2 by HSV-1- and HSV-
2-infected cell lysates. To determine how the recommendation affects other screening assays, we tested these
samples in the Liaison® HSV-2 IgG assay. Of 124 false-positive sera, 20% and 39% had an index >3.50 in the
HSLT and Liaison screening assays, respectively. In both assays, 51% of 63 indeterminate sera (inhibition by
HSV-1 lysate) had indices >3.50. Similarly, >75% of 75 true-positive samples exhibited indices >3.50 in both as-

says. Thus, confirmatory testing only of sera with low-positive HSV-2 IgG indices misses some false-positive
and indeterminate samples, leading to misdiagnosis of HSV-2 infection.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

Herpes simplex virus 2 (HSV-2) type-specific IgG testing has
emerged as a major laboratory tool for diagnosing HSV-2-associated
genital herpes (Ashley 2002; Ho et al. 1992). Given the clinical and psy-
chosocial impact of this diagnosis, it is important that HSV-2 IgG assay
results exhibit the highest accuracy possible. The most commonly-
used HSV-2 IgG screening test, the HerpeSelect® (HSLT) HSV-2 IgG en-
zyme immunoassay (EIA), may yield false positive (FP) results com-
pared to the gold standard Western blot (WB) assay; FP results are
most common among samples with a low-positive HSLT EIA screen
index value, defined as 1.10-3.50 (Ashley Morrow et al. 2005; Ashley-
Morrow et al. 2004; Delaney et al. 2010; Smith et al. 2009). Based on
these findings, the Centers for Disease Control and Prevention (CDC)
(2015) recommends that serum samples with positive HSLT HSV-2
IgG screening indices of 1.10-3.50 be tested with a confirmatory assay
that identifies true-positive (TP) reactivity.

The HSV-2 IgG confirmatory assay employed at our laboratory is a
modification of the HSLT HSV-2 IgG EIA; it assesses the differential in-
hibitory effects of HSV-1-infected and HSV-2-infected cell lysates on
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IgG binding to recombinant gG2 protein (Hogrefe et al. 2002). As
shown in several studies, agreement of results between this inhibition
assay and WB is >95%; the few discordant samples (TP by the inhibition
assay but WB negative) most likely represented earlier detection of se-
roconversion by HSLT versus WB (Ashley-Morrow et al. 2003; Golden
et al. 2005; Hogrefe et al. 2002; Ngo et al. 2008; Smith et al. 2009).

Our HSV-2 IgG inhibition assay was launched in 2002, well before
the CDC recommendation was issued in 2015, and is thus offered for
any HSV-2 IgG-positive sample (index >1.10) rather than samples
with a low-positive index value of 1.10-3.50 only (CDC, 2015). We cap-
italized on this difference in reflex testing protocols to assess what pro-
portion of samples with an inhibition result other than TP (i.e., FP or
indeterminate [IND]) would be misinterpreted as TP if the CDC recom-
mendation to test only low-positive samples is followed. In addition,
we also tested the study samples using an HSV-2 IgG chemiluminescent
screening assay (Liaison®, Diasorin) to determine if the same relation-
ships observed between HSLT screening indices and inhibition assay re-
sults also characterize another screening assay.

2. Materials and methods
2.1. Study design

The study included 187 consecutive residual sera that were positive
in the HSLT HSV-2 IgG screening EIA and had a FP (n = 124) or IND
(n = 63) result in the HSV-2 IgG inhibition assay. Also included in the
study were 75 samples with a TP result in the inhibition assay; these
samples were randomly selected during the collection period without
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knowledge of the HSLT screening index. After recording the HSLT HSV-2
IgG screening assay index of the 262 samples, they were tested in the Li-
aison HSV-2 IgG screening assay. In addition, to assess the relative roles
of HSV-1 components versus cell line components in non-specific inhi-
bition by HSV-1 lysate, the 12 samples with an IND result in the inhibi-
tion assay and sufficient volume were tested in a modification of the
inhibition assay that included pre-incubation of specimen aliquots
with uninfected cell lysate, as well as specimen diluent (control), HSV-
1-infected cell lysate, and HSV-2-infected cell lysate.

2.2. HSLT HSV-2 IgG screening assay

Sera submitted for HSV-2 IgG testing were evaluated using the HSLT
HSV-2 IgG EIA (Diasorin Molecular, Cypress, CA) according to the man-
ufacturer's instructions. If requested, positive samples (index value
>1.10) were then tested in the HSV-2 IgG inhibition assay.

2.3. HSV-2 IgG inhibition assay

Sera were tested using a modification of the HSLT HSV-2 IgG EIA as
previously described (Hogrefe et al. 2002). Briefly, each serum speci-
men was diluted 1:51 in specimen diluent and 3 aliquots of 0.075 mL
were prepared. Aliquots then received 0.075 mL of specimen diluent
(control), HSV-1-infected VERO cell lysate (Lysate 1) (ViruSys,
Taneytown, MD) diluted in specimen diluent to 0.12 mg/mL, or HSV-
2-infected VERO cell lysate (Lysate 2) (ViruSys) similarly diluted in
specimen diluent. After an hour at room temperature, all aliquots
were tested in the HSLT HSV-2 IgG EIA per the routine procedure. The
3 resulting HSV-2 IgG index values for a given specimen were used to
calculate the % inhibition by each of the two lysates using the formulae:

Non-specific inhibition = [1 - (Lysate 1-treated sample index/ con-
trol sample index)] x 100.

HSV-2 inhibition = [1 - (Lysate 2-treated sample index/Lysate 1-
treated sample index}] x 100.

Interpretation guidelines were as follows:

True positive (TP): non-specific inhibition <60% and HSV-2 inhibi-
tion 260%.

False positive (FP): non-specific inhibition <60% and HSV-2 inhibi-
tion <60%.

Indeterminate (IND): non-specific inhibition 260% (HSV-2 inhibition
not considered).

To further characterize samples exhibiting non-specific inhibition
>60% by Lysate 1, 12 IND specimens with sufficient volume were
retested in a modification of the inhibition assay, where an additional
aliquot of each specimen received uninfected VERO cell lysate (ViruSys)
at the same concentration as Lysates 1 and 2. For this experiment only, %
inhibition by each of the 3 lysates was determined relative to control
(no lysate); the formula was thus:

Inhibition = [1 - (Lysate-treated sample index / control sample
index)] x 100.

24. Liaison HSV-2 IgG assay

All study specimens (n = 262) were tested for HSV-2 IgG using the
Liaison chemiluminescent analyzer (Diasorin, Stillwater, MN). This

Table 1

“start-to-finish” instrument measures IgG binding to recombinant HSV
gG2 protein covalently coupled to magnetic beads. All incubations,
washing steps, and assessment of chemiluminescence are performed
in a closed system. Results are expressed as an index value; indices
<0.90 are considered negative, 0.90-1.09 equivocal, and >1.10 positive
(Maters et al. 2012).

2.5. Statistical analysis

For samples within a given inhibition assay result category (TP, FP,
IND), the proportions of samples with a screening index >3.50 in the
two HSV-2 IgG screening assays (HSLT versus Liaison) were compared
using Fisher's exact test. Index values for the 12 IND samples pre-
incubated with different cell lysate preparations were compared using
the two-tailed paired t-test. Significance in both statistical tests was de-
fined as P< 0.01.

3. Results

3.1. HSV-2 IgG screening index values in relation to HSV-2 IgG inhibition as-
say results

Among TP specimens, HSV-2 IgG screening index values >3.50 were
slightly more common with the HSLT EIA (81%) than the Liaison assay
(75%), but the difference was not statistically significant (Table 1).
Both the HSLT and Liaison screening assays yielded index values >3.50
in about half of the IND specimens tested, again with no significant dif-
ference between screening tests (Table 1). In contrast, among FP speci-
mens, screening index values >3.50 was almost twice as common with
the Liaison assay (39%) as with the HSLT assay (20%), and this difference
was statistically significant (Table 1).

3.2. Further characterization of samples exhibiting an IND result in the HSV-
2 IgG inhibition assay

To determine the relative roles of HSV-associated components ver-
sus VERO cell components in non-specific inhibition by Lysate 1, 12
IND samples were tested in a modified version of the inhibition assay
that included an additional sample aliquot pre-incubated with unin-
fected VERO cell lysate. The mean index in the presence of uninfected
cell lysate did not significantly differ from the mean index in the ab-
sence of lysate (control) (Table 2). In contrast, mean index values for
these 12 IND samples were significantly lower in the presence of both
Lysate 1 and Lysate 2. Thus, non-specific inhibition by Lysate 1 was
due to components associated with HSV infection of the VERO cells.

3.3. Relationship between HSLT and Liaison screening assay indices

Figs. 1-3 show the correlational relationships between index values
in the HSLT and Liaison HSV-2 IgG screening assays for samples within
the 3 different inhibition assay result categories. The TP and IND groups
showed similar relationships (Figs. 1 and 2); the trend line slopes were
similar (1.8 for TP, 1.5 for IND) and indicated that, for both groups, index
values were higher overall by Liaison than HSLT, reflecting the broader
dynamic range of the Liaison assay. However, the coefficient of

Proportions of samples with a HSLT or Liaison HSV-2 IgG screening index >3.50 as a function of HSV-2 IgG inhibition assay results.

HSV-2 IgG inhibition assay result Number Number (%) with P value, Fisher's exact test
HSV-2 IgG screening index >3.50
HSLT Liaison

True positive 75 61 (81) 56 (75) 0431

Indeterminate 63 32 (51) 32 (51) 1.000

False-positive 124 25 (20) 48 (39) 0.002*

* Statistically significant (P < 0.01).
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Table 2
HSV-2 IgG index values of serum aliquots pre-treated with different cell lysates for a sub-
set of 12 IND samples.

Serum pre-treatment Index, mean + SD P value compared to

no lysate
no lysate 478 + 1.84 Not calculated
uninfected cell lysate 497 £+ 2.09 0.08
HSV-1-infected cell lysate (Lysate 1)  1.16 + 0.63 <0.001*
HSV-2-infected cell lysate (Lysate 2)  0.67 £ 0.39 <0.001*

* Statistically significant (P < 0.01) using the paired t-test.

determination (R?) value was high in both the TP and IND groups (0.82
and 0.70, respectively), indicating strong relationships between the Liai-
son and HSLT HSV-2 IgG screening assay results. In contrast, the R? value
for the FP group was much lower at 0.05, indicating a weak relationship
between the Liaison screening index and the HSLT screening index.
Fig. 3 reveals that the largest divergence of Liaison versus HSLT screen-
ing indices for FP samples occurred within the subset of samples with
low-positive HSLT screening indices; 27 (27%) of the 99 FP samples
with an HSLT screening index of 1.10-3.50 were negative in the Liaison
screening assay (index <0.90), and 24 (24%) had a Liaison screening
index >6.00.

4. Discussion

Our findings demonstrate that the CDC recommendation to perform
confirmatory testing only on samples with an HSLT HSV-2 IgG screening
index of 1.10-3.50 is not adequate for identifying FP and IND reactivity
in our patient population. We found that a substantial portion of FP and
IND samples exhibited an HSLT HSV-2 IgG screening index >3.50. These
FP and IND samples would thus be incorrectly interpreted as TP when
following the CDC recommendation. This type of error can have signifi-
cant patient impact; the patient would be incorrectly diagnosed as hav-
ing an HSV-2 infection, which may lead to unneeded suppressive
antiviral therapy, psychological stress, and detrimental effects on rela-
tionships with sexual partners.

The CDC recommendation was based in large part on a study dem-
onstrating that only 12% of HSLT HSV-2 IgG EIA positive/WB negative
samples (interpreted as EIA FP) had HSLT screening index values
>3.50 (Ashley Morrow et al. 2005). In contrast, we found that 20% of
FP samples, as determined using our inhibition assay, had HSLT index
values >3.50. It is now appreciated that some HSLT HSV-2 IgG screen
positive/WB negative samples actually represent WB false negative re-
activity associated with earlier detection of seroconversion by HSLT
than by WB (Ashley-Morrow, 2003). Thus, the proportion of HSLT EIA
FP samples having EIA index values >3.50 would be expected to be dif-
ferent when using a confirmatory assay other than WB.
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Fig. 1. Correlational relationship between index values in the HerpeSelect (HSLT) and
Liaison HSV-2 IgG screening assays for true positive samples.
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Fig. 2. Correlational relationship between index values in the HerpeSelect (HSLT) and
Liaison HSV-2 IgG screening assays for indeterminate samples.

The inhibition assay we use in our laboratory confirms TP reactivity
by assessing the ability of HSV-infected cell lysates to inhibit binding of
gG2-specific IgG to the recombinant form of gG2 (Ho et al. 1992;
Hogrefe et al. 2002). The use of Lysate 1 controls for non-specific inhibi-
tion of binding by HSV type-common antigens; thus, when compared to
reactivity in the absence of lysates, marked inhibition of binding by Ly-
sate 2, but not Lysate 1, indicates specific blocking of IgG binding by na-
tive gG2 protein in Lysate 2 (TP reactivity). Lack of inhibition by both
lysates indicates FP reactivity in the screening assay due to IgG recogni-
tion of non-gG2-specific epitopes in the screening EIA; the structure of
these epitopes remains unclear. Although not described in the initial re-
port of the inhibition assay (Hogrefe et al. 2002), non-specific inhibition
of IgG binding by Lysate 1 can also occur; this reactivity leads to an IND
interpretation, since Lysate 2 inhibition results are uninterpretable in
this setting. As is the case for FP reactivity, the structures found in Lysate
1 that are responsible for IND reactivity have not been characterized;
however, as shown by the results presented in Table 2, they appear to
be associated with HSV infection, since uninfected cell lysate does not
exhibit inhibitory activity.

In recent years additional HSV-2 IgG screening assays have become
available, typically with broader dynamic ranges compared to HSLT
(Morrow and Friedrich 2006; Maters, 2012). We took advantage of
the availability of our panel of specimens with inhibition assay results
to assess the relationship between HSLT HSV-2 IgG screening index
values and those obtained using the Liaison HSV-2 IgG screening chemi-
luminescent immunoassay, an assay that demonstrates excellent quali-
tative agreement with the HSLT HSV-2 IgG screening EIA (Maters,
2012). Despite the broader dynamic range of the Liaison assay, we
found a strong correlational relationship between Liaison index values
and HSLT index values for TP and IND specimens. This was not the
case, however, for FP specimens; Liaison indices for FP samples spanned
the entire Liaison dynamic range, from 0.07 to 24.0 (see Fig. 3). These re-
sults clearly show that, although most FP samples exhibit low-positive

30 —
False Positive

% e o . .
5 20 'Y :’,‘
[}
T e e
‘e Q’ L 4 *
g 10 %o
= pg | . L
= o, — .

| ". M LY * y = 0.6931x + 3.4286
0 %’ o? . . R? = 0.0464
2 4 6 8 10 12 14

HSLT index

Fig. 3. Correlational relationship between index values in the HerpeSelect (HSLT) and
Liaison HSV-2 IgG screening assays for false positive samples.
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index values in the HSLT HSV-2 IgG screening EIA, one cannot assume
this will be the case for other HSV-2 IgG screening assays. Further stud-
ies are needed to determine if this divergence characterizes HSV-2 IgG
screening assays other than Liaison, and to identify the factors and
mechanisms responsible for FP and IND reactivity.

Consistent with the wide dynamic range of Liaison screening index
values for FP samples discussed above, the proportion of FP samples
with a Liaison index >3.50 was significantly higher than the proportion
with a HSLT index >3.50 (39% versus 20%, respectively). Thus, as is the
case for the HSLT screening assay, the CDC recommendation to per-
form confirmatory testing only on samples with an index of
1.10-3.50 also appears inadequate for identifying non-TP reactivity
when using the Liaison assay to screen our patient population. If a lab-
oratory elects to use a screening assay other than HSLT and employ an
algorithm where “high index” samples are not reflexed to confirmatory
testing, it will need to determine what constitutes a “high index” for
that assay.
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