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Detection and Differentiation of Herpes Simplex Viruses by Use of the
Viper Platform: Advantages, Limitations, and Concerns
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The Viper HSV-Q* assay was evaluated for the detection of herpes simplex virus 1 (HSV-1) and HSV-2 in specimens from oral,
anogenital, and other miscellaneous sites. The HSV-Q* assay was found to be highly sensitive and accurate; however, a gray zone
may be required for specimens with values falling between 50 and 800 maximum relative fluorescence units.

H erpes simplex virus 1 (HSV-1) and HSV-2 cause a spectrum
of diseases that often present as lesions at oral or anogenital
sites (1-4). Accurate HSV detection and typing are important for
management, and molecular methods are considered the methods
of choice (5-10). Recently, the HSV-1 and -2 Q* amplified DNA
assay (HSV-Q¥) for use on the Viper instrument (Becton Dickin-
son) was released, but it was licensed for anogenital specimens
only. In this study, swabs collected from anogenital, oral, and
other sites were used to compare the performance of the HSV-Q*
to that of a real-time HSV PCR on the LightCycler 2.0 platform
(HSV-LC) (Roche Diagnostics).

For HSV-LC, 200 .l of specimen was subjected to total nucleic
acid extraction on a MagNA Pure LC, and 5 pl of eluate was used
as the template in PCRs using the HSV-1/-2 detection kit (Roche

>

2501

2001196
>
2
S 1501
3
g’ 1004
w

61
501
1 1 0 1 1 1 2 12

°>q¢999 ~ 6"“. o &s“" qﬁﬁa"‘a gé‘op 1‘5@
AN S 2
MaxRFU
Css-
- °o %% -
o 304 o~
9, o ooﬁ‘ao‘"'b o °°
£ 25 oSBT a0
- - o
a 20- - ® o o
o o o ° o
c 159 o
|
2 104
S
O 54
"o 500 1000 1500 2000 2500
MaxRFU

Diagnostics), as recommended by the manufacturer (9-12).
Crossing-point (Cp) and melting-temperature (T,,) analyses were
determined by the manufacturer’s software. The T,, values for
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FIG 1 Distribution of MaxRFU values for HSV-1 and HSV-2 using HSV-Q*. (A and B) Distributions of MaxRFU values are depicted for HSV-1 and HSV-2
results following the categorization provided by the manufacturer. (C and D) Lack of correlation is shown between MaxRFU and Cp values obtained using the
LightCycler for HSV-1 (R* = 0.3644) and HSV-2 (R* = 0.0726), respectively.
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TABLE 1 Summary of discrepant analyses

Detection of HSV Using the Viper Platform

HSV-LC HSV-Q*
Anatomical HSV-1 HSV-2
site Cp T, Result (MaxRFU) (MaxRFU) Result aHV-PCR Final result Comment?
Lip 26.2 54.2 HSV-1 124 0 Neg HSV-1 HSV-1 FN HSV-1 (HSV-Q¥)
Lip Neg® 1,731 14 HSV-1 HSV-1 HSV-1 FN HSV-1 (HSV-LC)
Lip Neg 1,062 3 HSV-1 HSV-1 HSV-1
Mouth Neg 1,207 4 HSV-1 HSV-1 HSV-1
Bucca Neg 1,982 12 HSV-1 HSV-1 HSV-1
Lip Neg 0 340 HSV-2 HSV-2 HSV-2 FN HSV-2 (HSV-LC)
Left thigh Neg 0 2,088 HSV-2 HSV-2 HSV-2
Vulva Neg 0 1,238 HSV-2 HSV-2 HSV-2
Mouth Neg 192 0 HSV-1 Neg Neg FP HSV-1 (HSV-Q¥)
Mouth Neg 513 0 HSV-1 Neg Neg
Vagina Neg 202 20 HSV-1 Neg Neg
Miscellaneous 24.4 67.8 HSV-2 1,733 1,530 HSV-1, HSV-2 HSV-2 HSV-2
Labia Neg 1,350 0 HSV-1 HSV Neg, VZV Pos* Neg FP HSV-1 (HSV-Q¥), VZV Pos

@ FN, false negative; FP, false positive.
b Neg, negative.
¢ Pos, positive.

HSV-1 and HSV-2 are 54°C and 68°C (*2.5°C), respectively. For
HSV-Q¥, 500 pl of specimen was placed into 2 ml Probetec Q*
diluent, and processing conditions followed the manufacturer’s
instructions. The peak fluorescence intensity was expressed as the
maximum relative fluorescence units (MaxRFU).

To evaluate analytical specificity, high-titer suspensions of var-
ious organisms were used (see Table S1 in the supplemental ma-
terial), but no cross-reactions were observed for either assay. For
analytical sensitivity, cultured HSV-1 and HSV-2 stocks were di-
luted 10-fold in universal transport medium (UTM) (Copan Di-
agnostics), and triplicate values were obtained from three inde-
pendent experiments. Virus stocks were quantified using a
standard curve generated with plasmids harboring the HSV target
(8,9). For HSV-LC, inverse linear relationships were observed for
HSV-1 (y = —3.354x + 37.5; R = 1.000) and HSV-2 (y =
—3.597x + 39.93; R? = 1.000) when the Cp values were plotted
against virus concentrations (log copies/ml) (see Fig. S1 in the
supplemental material). For HSV-LC, the interexperimental co-
efficients of variation (%CV) ranged from 0.39 to 0.57% for
HSV-1 and from 0.33 to 2.24% for HSV-2, whereas for HSV-Q¥,
the %CV ranged from 24.61 to 173.21% and from 6.90 to 117.28%
for HSV-1and HSV-2, respectively. Unlike the Cp values obtained
with HSV-LC, the MaxRFU values obtained with HSV-Q* were
highly variable and did not correlate with HSV viral loads or Cp
values (Fig. 1; see also Fig. S1). Overall, both methods were highly
sensitive and specific for HSV detection, with HSV-Q* 20-fold
more sensitive at ~10 copies/ml for both targets.

Next, 276 swabs (115 anogenital, 91 oral, and 70 from other

TABLE 2 Clinical performance of HSV-LC and HSV-Q*

anatomical sites) that were submitted to the microbiology lab-
oratory at CDHA between 31 January and 26 April 2013 were
tested in parallel using HSV-Q*and HSV-LC. Each method was
compared to a modified gold standard, defined as concordant
results (positive or negative) between the two methods. Thir-
teen discrepant results (Table 1) were resolved at Mt. Sinai
Hospital (Toronto, ON) following extraction on a NucliSENS
easyMAG instrument and amplification with a RealStar alpha
herpesvirus PCR kit (a«HV-PCR), which can differentiate
among HSV-1, HSV-2, and varicella-zoster virus (VZV).
HSV-Q* was more sensitive than HSV-LC, regardless of the
anatomical site or the HSV target (Table 2). HSV-LC missed
four HSV-1 and four HSV-2 results. A single false-negative
result that had a MaxRFU value of 124 (near the recommended
cutoff value for positivity of =125) was obtained with HSV-Q*
(Table 1). Overall, the clinical sensitivities for HSV-1 and
HSV-2 were 94.6% and 97.1% for HSV-LC and 98.6% and
100% for HSV-Q¥, respectively.

For HSV-LC, the clinical specificities for HSV-1 and HSV-2
were 100%; however, a genotype was not assigned for six spec-
imens using T,, analysis (Table 3). These were accurately de-
tected and differentiated by HSV-Q* and aHV-PCR (Table 1).
For HSV-Q¥, a specificity of 100% was observed for HSV-2, but
five false positives contributed to a reduced specificity of 98.6%
for HSV-1 (Tables 1 and 2). The first false-positive HSV-1 re-
sult was seen in a specimen that was confirmed as positive for
HSV-2. While coinfection is possible (13), the HSV-1 result
was not reproduced by HSV-Q* or confirmed with the other

Detection of HSV-1 (% [95% CI?]) with:

Detection of HSV-2 (% [95% CI]) with:

HSV-LC HSV-Q* HSV-LC HSV-Q*
Anatomical
site Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity
Overall” 94.6 (86.7-98.5) 100.0 (98.2-100.0) 98.7 (92.7-100.0) ~ 97.5 (94.3-99.2) 97.1 (84.7-99.9) 100.0 (98.5-100.0) 100.0 (89.7-100.0) 100.0 (98.5-100.0)
Anogenital® 100.0 (87.2-100.0) 95.9 (95.9-100.0)  100.0 (87.2-100.0) 97.7 (92.0-99.7) 91.3 (72.0-98.9) 100.0 (96.1-100.0) 100.0 (85.2-100.0) 100.0 (96.1-100.0)
Oral” 88.6 (73.3-96.8) 100.0 (93.6-100.0) 97.1 (85.1-99.9) 96.4 (87.7-99.6) 75.0 (19.3-99.4) 100.0 (95.9-100.0) 100.0 (39.8-100.0) 100.0 (95.9-100.0)
Miscellaneous® 100.0 (73.5-100.0) 100.0 (93.8-100.0) 100.0 (73.6-100.0) 98.3 (90.8-99.8) 87.5(47.4-99.7) 100.0 (94.2-100.0) 100.0 (63.1-100.0) 100.0 (94.2-100.0)

@ CI, confidence interval.

b 1 = 276 swabs; 74 HSV-1, 35 HSV-2.
“n = 115 swabs; 27 HSV-1, 23 HSV-2.
91 =91 swabs; 35 HSV-1, 4 HSV-2.
“n = 70 swabs; 12 HSV-1, 8 HSV-2.
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TABLE 3 HSV-Q* resolves genotypes in specimens that were problematic for HSV-LC

HSV-LC HSV-Q*
HSV-1 HSV-2 Discrepant analysis
Specimen type Cp T, Result (MaxRFU) (MaxRFU) Result result (aHV-PCR)
Throat 22.01 60.48 HSV 1,078 10 HSV-1 HSV-1
Vulva 28.05 60.22 HSV 1,151 10 HSV-1 HSV-1
Buttock 23.53 60.92 HSV 0 1,710 HSV-2 HSV-2
Buttock 23.44 62.98 HSV 0 1,484 HSV-2 HSV-2
Vagina 20.67 60.79 HSV 0 1,086 HSV-2 HSV-2
Unknown 28.88 60.73 HSV 15 1,552 HSV-2 HSV-2

molecular methods (Table 1). The second false-positive result
was in a specimen confirmed as positive for VZV by aHV-PCR
and a second real-time VZV PCR (11). Interestingly, no cross-
reactions were observed with VZV in the specificity panel (see
Table S1 in the supplemental material). The last three false-
positive HSV-1 results obtained with HSV-Q* had low
MaxRFU values (192, 202, and 513) (Table 1).

With three of five false-positive results for HSV-Q* display-
ing low MaxRFU values, and a false-negative result near the
recommended cutoff for positivity, the distributions of
MaxRFU values were plotted for each HSV target (Fig. 1A and
B). For HSV-2, 99.3% of the results were classified as either
negative or positive, with MaxRFU values of =49 and =800,
respectively (Fig. 1B). For HSV-1, a larger number of results
(n = 19; 6.9%) fell between these two categories of MaxRFU
values (Fig. 1A). As such, a “gray zone” was implemented
where any specimen falling between 50 and 799 MaxRFU
would be retested by HSV-Q* and submitted for confirmation
using aHV-PCR. Following the implementation of HSV-Q*
and the processing of 1,043 specimens, 633 results were nega-
tive, 278 were HSV-1 positive, and 125 were HSV-2 positive.
Four specimens (0.4%) had MaxRFU values falling into the
gray zone (three HSV-1 with MaxRFU values of 158, 234, and
489 and one HSV-2 with a MaxRFU value of 382). aHV-PCR
confirmed the HSV-2 and one of the HSV-1 results (MaxRFU
0f489). These two had repeat HSV-Q* values of =800 and were
considered positive. The remaining two results could not be
resolved by repeat processing or confirmed by aHV-PCR and
therefore were considered indeterminate.

In summary, HSV-Q* is a relatively accurate method for the
detection and differentiation of HSV from swabs obtained from
anogenital, oral, and other anatomical sites. Swabs in UTM can be
processed rapidly using this fully automated system, and HSV-Q*
has a lower cost per specimen ($22) compared to that of HSV-LC
($34). However, until an accurate assessment of the cutoff value
for positivity can be established, testing of specimens with
MaxRFU values falling between 50 and 799 should be repeated. A
specimen with a repeat MaxRFU value of =800 can be considered
positive, but a repeat result of <800 yields an indeterminate result
unless confirmed by another method.
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