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Genital herpes simplex virus (HSV) is of major pub-
lic health importance, as indicated by the marked
increase in the prevalence of genital herpes over the
past two decades. Viral culture has traditionally
been regarded as the gold standard for diagnosis. In
this study, we compared viral culture and the am-
plification of HSV DNA by the polymerase chain
reaction (PCR) with respect to sensitivity, cost, clin-
ical utility, and turnaround time. Patient sample
swabs from 100 individuals were inoculated onto
MRC-5 cells for isolation. Positive results were con-
firmed via a direct fluorescent antibody technique,
and serotyping, when requested, was performed us-
ing HSV-1 and -2-type–specific sera. PCR tech-
niques employed an extraction step of the same
initial swab specimen, followed by PCR amplifica-
tion, using a multiplex assay for HSV-1, 2 DNA.
HSV-positive results were found in 32/100 samples
via culture and in 36/100 samples via PCR. PCR-
positive results yielded 16 (44%) patients infected
with HSV-1 and 20 (56%) patients infected with
HSV-2. Turnaround time for viral culture averaged
108 hours for positive results and 154 hours for
negative results; PCR turnaround time averaged
24–48 hours. Laboratory cost using viral culture
was $3.22 for a negative result and $6.49 for a pos-
itive result (including direct fluorescent antibody).
Serotyping added $10.88 to each culture-positive
test. Although laboratory costs for PCR were higher
at $8.20/sample, reimbursement levels were also
higher. We propose a multiplex PCR assay for diag-
nosis of HSV-1 and HSV-2 from patient swabs for
use in a routine clinical laboratory setting. This as-
say offers increased sensitivity, typing, and im-

proved turnaround time when compared with tra-
ditional viral culture techniques. Although it
appears that PCR testing in a routine clinical labo-
ratory setting is cost prohibitive compared with the
case of nonserotyped viral culture, it may be very
useful when clinical utility warrants distinguishing
between HSV 1 and 2 and may be cost effective
when reimbursement issues are examined.
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Genital herpes simplex virus (HSV) infection is of
major public health importance, having markedly in-
creased in prevalence throughout the past two de-
cades (1–7). Genital HSV is the most common infec-
tive cause of genital ulcerative disease in developed
countries and is second in prevalence of viral sexually
transmitted diseases only to human papilloma virus,
which induces anogenital warts, as the most common
viral sexually transmitted disease (1).

HSV type 2 and, less commonly, type 1, are the
major causes of genital herpes (1, 3). HSV genital
infection typically manifests itself as crops of pain-
ful, disfiguring lesions that chronically recur. As a
result, patients frequently suffer significant psycho-
logical and psychosexual stigmatization. Subclini-
cal and completely asymptomatic infection are well
recognized and appear to play an important role in
neonatal herpes infections (3, 4). Neonatal herpes
infection may have devastating consequences,
ranging from limited skin or eye infections to dis-
seminated multiorgan and central nervous system
involvement (5, 6).

Recently, HSV infection has been implicated as
an important cofactor in the acquisition, transmis-
sion, and possibly even the progression of the hu-
man immunodeficiency virus infection (2, 7, 8).
HSV is also a well-known etiologic agent in cases of
encephalitis, aseptic meningitis, and atypical pneu-
monias, as well as in a variety of other infections.
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Laboratory diagnosis of genital herpes has tradi-
tionally relied upon HSV cell culture as its gold
standard (9 –11). HSV cell culture techniques are
quite sensitive and have proven particularly reliable
in early-stage genital infections (12, 13). Direct an-
tigen enzyme immunoassay (EIA) and immunoflu-
orescent techniques have also been employed in
both the identification and serotyping of HSV infec-
tions (14–16). EIA techniques have a significantly re-
duced turnaround time with respect to cell culture:
approximately 6 hours, versus 2–7 days. However, EIA
has been shown to be a much less sensitive diagnostic
tool when compared with the case of traditional cell
culture (14). Both techniques have been proven to be
less sensitive as herpes lesions progress to crusting,
healing, and reactivation.

Recent advances in the field of molecular pathol-
ogy allow detection of HSV DNA using the polymer-
ase chain reaction (PCR). Highly sensitive PCR
techniques have already proven to be effective in
diagnosing similar serotype HSV infections of the
central nervous system (17, 18). PCR techniques
have been shown to be more sensitive than both
cell culture and EIA (11, 19). PCR assays can also
simultaneously detect and type HSV infections. Se-
rotyping of HSV isolates from traditional viral cul-
ture requires additional serologic testing.

The aim of this study is to investigate HSV PCR as
a diagnostic method for routine use in a clinical
laboratory setting. Laboratory cost will also be as-
sessed and compared with that of viral isolation.

MATERIALS AND METHODS

Clinical Specimens
Patient samples were collected on Dacron swabs

and transported in viral transport media, (BBL viral
culturettes; Becton-Dickinson, Cockeysville, MD).
Samples from genital sites of 62 females and 38
males with specific request for HSV isolation were
tested.

Viral Culture
Swabs were inoculated onto a single MRC-5 cell

culture tube. Cell cultures were examined daily,
Monday through Friday, for 5 days. MRC-5 cell
culture tubes with viral cytopathic effect typical for
HSV infection were confirmed using Bartel’s biva-
lent culture reagent (Bartels Inc., Issaquah, WA),
employing a direct-fluorescent antibody technique.
Confirmed HSV infections were serotyped only at
the specific request of the ordering physician. Se-
rotype testing was performed using a direct-
fluorescent antibody technique with HSV-1- and
HSV-2-type–specific sera (Syva Microtrak, Behring
Diagnostics, Cupertino, CA).

Molecular Analysis
The same patient sample swabs used for viral

isolation were subsequently returned to the re-
maining transport media and transported to the mo-
lecular pathology laboratory. Excess fluid from the
swabs was removed by compression against the side
of the transport tube. DNA was extracted using the
Puregene extraction kit (Gentra Systems, Inc., Minne-
apolis, MN): briefly, swabs were submerged in cell
lysis solution and the solution compressed out of the
swabs. Cells and debris were collected by centrifuga-
tion. The remaining pellet was then resuspended in
cell lysis solution. Subsequent to protein precipita-
tion, the supernatant was removed to a clean micro-
centrifuge tube containing 300 mL of 100% isopropa-
nol to precipitate DNA. DNA hydration solution was
then added and the sample allowed to rehydrate
overnight at room temperature or at 65°C for 1 hour.

Analysis with primers targeting the TK3 gene
(HSV-1) and the POL gene (HSV-2) were performed
using a multiplex PCR assay (20, 21). Genomic DNA
was incubated in a total reaction volume of 50 mL
containing approximately 40 ng of both forward
and reverse gene specific primers (MWG Biotech,
Inc., High Point, NC), 2.0 units AmpliTaq Gold (Per-
kin Elmer, Foster City, CA), 200 mM each dNTP, 1.5
mM MgCl2, 10 mM Tris-HCl (pH 8.3), 50 mM KCl,
and 0.001% gelatin (Perkin Elmer). Primer se-
quences were as follows: TK3 forward primer se-
quence: 5'-AGC GTC TTG TCA TTG GCG AA-3', TK3
reverse primer sequence: 5'-TTT TCT GCT CCA
GGC GGA CT-3', POL forward primer: 5'-GTC CCA
CCT CAG CGA TCT GCC T-3', and POL reverse
primer: 5'-CAG CAG CGA GTC CTG CAC ACA A-3'.
DNA was denatured at 94°C for 12 minutes before
amplification. PCR was accomplished using 30 cy-
cles consisting of 30 seconds of denaturation at
94°C, 30 seconds of annealing at 55°C, and 30 sec-
onds of extension at 72°C. The final cycle included
a 3-minute extension step at 72°C.

Fragment size analysis was performed by direct
visualization of PCR products, 342-bp and 490-bp
fragments for TK3 and POL, after gel electrophore-
sis in a 10% polyacrylamide gel and staining with
ethidium bromide. Control PCR reactions included
the following: blank (no target DNA), negative (nor-
mal human DNA), and positive (HSV-1 #08 –705–
000, HSV-2 #08 –706 – 000; ABI, Columbia, MD) con-
trols for each run.

Molecular analysis was preformed three times
each week: Monday, Wednesday, and Friday. All
calculations in terms of cost and turnaround time
were based on batching 10 samples per PCR run.

RESULTS

HSV positive results were found in 32 of 100
clinical samples via viral culture and in 36 of 100
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samples via PCR. Four discordant cases were iden-
tified (positive via PCR, negative via culture). PCR-
positive results yielded 16 (44%) patients infected
with HSV-1 and 20 patients infected with HSV-2
(Fig. 1).

With viral culture techniques, turnaround time
averaged 108 hours for a positive result and 154
hours for a negative result. Turnaround time using
PCR was determined to average 48 hours, with a
range from 24 to 72 hours. Although PCR test re-
sults could be reported in one day, it was more
typical to have a 48-hour turnaround time.

Cost analysis for viral culture techniques show
laboratory cost for negative samples to be $3.22 and
$6.49 for positive isolates (includes added cost of
confirmatory direct fluorescent antibody testing).
Serotyping of viral isolates adds an additional
$10.88 to each positive isolation result. Laboratory
cost using the PCR assay totals $8.20 per sample.
The cost of testing the 100 clinical samples in this
study was $426.64 by viral isolation. This cost in-
creased to $753.04 if serotyping was added. The
total cost of analyzing these same 100 specimens by
PCR was $820.00 and included typing within the
same assay. The recent Medicare reimbursement
level for herpes culture was $36.02, $16.58 for direct
fluorescent antibody, and $27.91 for serotyping. A
single HSV-amplified probe was reimbursed at
$48.50.

DISCUSSION

In this study, we have evaluated a multiplex PCR
assay to simultaneously identify and type HSV from
direct clinical samples. No modifications or
changes in routine practice were necessary on the

part of the clinicians. In fact, the same sample used
for viral culture isolation was later used for our PCR
assay.

The sensitivity of our PCR assay was similar to
that in previous investigations that have demon-
strated the greater sensitivity of PCR when com-
pared with viral isolation techniques (9, 11). Factors
implicated in the reduced sensitivity for culture are
manifold. Increased transit time between specimen
collection and inoculation into cell culture seems to
considerably reduce the infectivity that can occur
during prolonged transport (12, 13). Additionally,
recurrent HSV infections, as well as lesions that are
in healing stages, are much less likely to yield pos-
itive viral cultures for HSV (1, 6). On the other hand,
like herpes-specific culture, PCR analysis detects
only the target virus but does not yield an isolate for
further testing. For general virus detection, ex-
tended multiplex PCR analysis or microarray tech-
nology would be warranted. Advances in in vitro
amplification technologies, including automated
platforms, will make these types of molecular tech-
nologies more suitable for the clinical laboratory
that does not have the currently accepted facilities.

In the present study, we identified four discor-
dant cases in which PCR was positive and viral
isolation techniques negative. The medical history
of these individuals was significant for longstanding
genital herpes infection in three of the four patients
in question. The fourth patient had no known his-
tory of HSV infection but did have genital lesions
that were clinically suspicious for herpes. All four
patients were counseled and treated for genital her-
pes infection.

Although PCR is known to be more sensitive than
culture, it also allows for simultaneous typing of
HSV 1 and 2 infections. HSV serotyping is not rou-
tinely performed by all viral isolation laboratories
and typically requires additional testing that adds
significantly to laboratory cost and turnaround
time.

Traditionally, HSV-2 has been associated with
most genital infections, with HSV-1 assuming a
much less significant role (2). However, studies over
the past decade have demonstrated the increasing
prevalence of HSV-1 in genital infections. Several
studies have reported the prevalence of HSV-1 at
20 – 60% (2). Some authors have suggested that
HSV-1 genital infection may be a consequence of
oral– genital contact (20). In contrast, HSV-2 infec-
tions are spread via genital– genital contact and are
frequently associated with multiple sexual partners
(4). HSV-1 genital infections may have a lower rate
of clinical recurrence when compared with HSV-2
infections. Thus, in addition to its importance from
an epidemiologic standpoint, viral typing may pro-
vide information useful for prognostication of the
natural history of a particular infection (22). This

FIGURE 1. Representative HSV 1 and 2 multiplex PCR gel. Molecular
size markers, Lane 1; blank control, Lane 2; negative control, Lane 3;
positive control, Lane 4; positive result for HSV-1, Lanes 5, 10, 12;
positive result for HSV-2, Lane 6. Lanes 5–13 represent HSV typing
from submitted clinical specimens.
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information may be of potential value to clinicians
in the counseling of their patients.

In adopting a new test for use in the clinical
laboratory, turnaround time and cost are important
factors to consider. Turnaround time for viral cul-
ture can depend on many factors, which includes a
variety of individual laboratory policies and tech-
niques. Turnaround time was measured as the time
a clinical specimen was logged in as received in the
lab until a diagnostic result was recorded. With viral
isolation, turnaround time averaged 108 hours for a
positive result and 154 hours for a negative result.
Turnaround time as well as all cost calculations for
PCR were based on batching of clinical samples,
with PCR performed three times each week (Mon-
day, Wednesday, Friday). Turnaround time for PCR
ranged from 24 to 72 hours, with an average esti-
mated turnaround time of 48 hours. Improved
turnaround time, coupled with increased sensitiv-
ity, gives PCR a distinct advantage over isolation
techniques as a diagnostic tool.

A laboratory cost analysis determined the cost of
this PCR assay to be $8.20 per clinical sample
tested. This is based on batching 10 clinical samples
per run. Cost for viral culture techniques will vary
depending on whether culture has yielded a posi-
tive or negative result. A negative result in our lab-
oratory costs $3.22 and a positive result $6.49 be-
cause of the added cost of a direct-fluorescent
confirmatory test. Recall however that these results
provide no information as to HSV type, which,
when performed in our laboratory, adds an addi-
tional $10.88 to the cost of a positive test result.

When extrapolated to the patient samples from
our study, the total cost for PCR was $820. Total
cost for viral isolation was $426.64 (without addi-
tional serotype testing on positive samples). Cost
for viral isolation including serotyping would have
totaled $753.04 if performed on each positive case.
This cost is relatively comparable to the $820 total
cost for PCR. Although reimbursement levels vary
geographically and by payor, it appears from recent
data we obtained that reimbursement levels may be
higher for molecular testing. In addition, one needs
to consider labor cost savings. However, despite the
potential cost benefits, this does raise the question
regarding the necessity of typing HSV genital spec-
imens. In our 100 patient samples, none of the
clinicians requested typing. In fact, typing is only
requested approximately two to three times each
year in our laboratory. It is assumed that although
HSV typing of genital infections may be important
in terms of epidemiology and academic interest, at
the present time, it offers little clinical utility to
physicians in the management of infected patients.

In summary, we have established a multiplex
PCR assay for the identification and typing of HSV
genital infections. We propose that PCR used in a

routine clinical laboratory setting offers increased
sensitivity, simultaneous typing, and improved
turnaround time when compared with traditional
viral isolation techniques. Although one can debate
reimbursement and cost savings issues, we feel that
workflow, clinical utility, and service should also be
of significant consideration when making such
technological decisions.
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Book Review

Emory TS, Carpenter HA, Gostout CJ, Sobin
LH: Atlas of Gastrointestinal Endoscopy &
Endoscopic Biopsies, 448 pp, Washington,
DC, Armed Forces Institute of Pathology,
1999 ($90.00).

Like many other hospital pathologists, I got used
to receiving biopsies without too many clinical
data. And then one day last year our gastroen-
terologists started sending us not only copies of
their endoscopic findings but also photographs
of what they saw at the other end of the tube. In
the meanwhile, having personally seen how such
an ‘improved communication‘ between clini-
cians and pathologists had benefited several pa-
tients, I became convinced that correlating
‘their‘ and ‘our‘ pictures was not only the best
way of dealing with intestinal lesions, but the
only way that I would recommend to anybody
practicing this diagnostic art.

The present book is a wonderful example
how the virtual ‘divide‘ between the endosco-
pists and pathologists could and should be
bridged. Based on the material culled from the
files of the Mayo Clinic and the Armed Forces
Institute of Pathology, it is a comprehensive
primer for both pathologists and gastroenterolo-
gists entering the field. It covers all the major
entities, illustrating them with high-quality pho-
tographs taken through the endoscope or the
microscope. The pictures are most informative,
well-chosen, and of high quality. The text that

accompanies the pictures is succinct and to the
point, complementing and enhancing the edu-
cational value of the pictorial material.

Instead of criticism, I am including a few
suggestions for revision in the second edition,
which I am sure will be coming out in not so
distant future. To improve the didactic value of
the pictures, I would annotate them or insert
markings. This would help pathologists under-
stand better the endoscopic photographs, and I
am sure that the clinicians would not object to
some assistance in interpreting the microphoto-
graphs. Furthermore, I would replace some of
the endoscopic photos that show too much re-
flected light. Some entities have only endoscopic
pictures and should be illustrated with equiva-
lent microphotographs. The index also could be
a bit more detailed and user friendly, and could
include some alternative names if not even some
‘jargon terms‘ from both sides of the clinicopath-
ologic divide.

By all accounts this is a well-done (pun not
intended!) G.I. book. At the current price it is a
bargain that should not be bypassed by pathol-
ogists or gastroenterologists. It should serve
them well on their tortuous route through the
alimentary tract.

Ivan Damjanov
University of Kansas School of Medicine
Kansas City, Kansas
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