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Herpes simplex virus 1 (HSV-1) esophagitis diagnosis is routinely based on the endoscopic findings confirmed by histopatholog-
ical examination of the esophagitis lesions. Virological diagnosis is not systematically performed and restricted to viral culture
or to qualitative PCR assay from esophagitis biopsy specimens. The aim of this study was to assess the interest of quantitative
real-time PCR assay in HSV-1 esophagitis diagnosis by comparing the results obtained to those of histological examination asso-
ciated with immunohistochemical staining, which is considered the “gold standard.” From 53 esophagitis biopsy specimens, the
PCR assay detected HSV-1 in 18 of 19 histologically proven to have herpetic esophagitis and in 9 of 34 that had esophagitis re-
lated to other causes, demonstrating sensitivity, specificity, positive predictive value, and negative predictive value of 94.7%,
73%, 66.7%, and 96%, respectively. Interestingly, HSV-1 was not detected in 16 specimens without the histological aspect of
esophagitis. The viral loads normalized per ug of total extracted DNA in each biopsy specimen detected positive by HSV PCR
were then compared and appeared to be significantly higher in histopathologically positive herpetic esophagitis (median = 2.9 X
106 = 1.1 X 10%) than in histopathologically negative herpetic esophagitis (median = 3.1 X 10® % 6.2 X 103) (P = 0.0009). More-
over, a receiver operating characteristics analysis revealed that a viral load threshold greater than 2.5 X 10* copies would allow
an HSV-1 esophagitis diagnosis with a sensitivity and specificity of 83.3% and 100%, respectively. In conclusion, this work dem-
onstrated that HSV quantitative PCR results for paraffin-embedded esophageal tissue was well correlated to histopathological
findings for an HSV-1 esophagitis diagnosis and could be diagnostic through viral load assessment when histopathological re-

sults are missing or uncertain.

H erpes simplex virus 1 (HSV-1) is the second most common
infectious etiological cause of esophagitis after Candida albi-
cans (15, 18, 22). HSV-1 esophagitis is well documented in immu-
nocompromised patients, whereas this clinical entity is rare in
immunocompetent patients (2, 4, 5, 9). HSV-1 esophagitis may
represent a primary infection in particular in the immunocompe-
tent host but is commonly due to a reactivation of a latent infec-
tion in the immunocompromised host (7).

Friable mucosa, numerous ulcers, and whitish exudates com-
monly involving the distal or the midesophagus are classical en-
doscopic aspects in HSV-1 esophagitis (10, 11, 14, 19). These find-
ings require confirmation by histological examination completed
with immunohistochemical staining of the biopsy specimens
from the ulcer edges, which still remains the “gold standard” for
HSV-1 esophagitis diagnosis (13, 14, 19). Virological diagnosis
has been reported to optimize the diagnostic sensitivity of HSV-1
esophagitis (2, 16, 19). However, it is not systematically performed
and is restricted to viral culture or to qualitative PCR assay from
esophageal biopsy specimens (2, 19).

During the last 20 years, HSV-1 DNA detection by PCR assay
has been demonstrated to be more sensitive than tissue viral cul-
ture in diagnosing HSV-1 esophagitis (3, 17, 20). However, the
high sensitivity of the molecular technique could lead to the de-
tection of low viral loads potentially associated with asymptomatic
viral shedding that cannot be related to the clinical findings (1).
Thus, the utility of HSV-1 DNA detection by PCR assay remains to
be assessed in establishing a correct diagnosis of HSV-1 esophagi-
tis. In this context, the aim of this study was to compare the results
obtained from 69 esophageal biopsy specimens analyzed by HSV
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quantitative real-time PCR assay to the classical histopathological
examination including HSV immunohistochemical staining, con-
sidered the gold standard. Moreover, the interest of HSV-1 quan-
titation in esophageal specimens for the herpetic esophagitis diag-
nosis was assessed.

MATERIALS AND METHODS

Clinical specimens. A total of 69 paraffin-embedded esophageal biopsy
specimens from 69 patients collected between 1997 and 2007 by the De-
partment of Pathology of the Reims University Hospital were retrospec-
tively investigated. Histological examinations after hematein phloxine sa-
fron (HPS) and periodic acid-Schiff (PAS) staining were systematically
performed by two pathologists. Histological lesions corresponding to vi-
ral cytopathic effect were noted. Immunohistochemical staining was per-
formed in all cases on 4-pum-thick paraffin sections with a polyclonal
rabbit anti-herpes simplex virus 1 and 2 antibody (DakoCytomation,
Glostrup, Denmark) without antigenic restoration using BenchMark XT
(Ventana, Tucson, AZ). Sections were incubated for 1 h at 37°C with the
antibody at a 1:100 dilution followed by staining with a streptavidin-
biotin peroxidase kit and were then revealed with an ultraView Universal
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FIG 1 Histopathological aspect of herpetic (A and B) and nonherpetic (C and D) esophagitis biopsy specimens. (A) HSV esophagitis: typical multinucleated
epithelial cells with ground-glass nuclei and margination of the chromatin (black arrow). HPS stain; magnification X400. (B) Immunohistochemical detection
of HSV glycoproteins (in brown) in epithelial cells. Magnification, X100. (C) Non-HSV esophagitis: neither multinucleated nor ground-glass nuclei; intraepi-
thelial exocytosis of lymphocytes (black arrows). HPS; magnification, X400. (D) Negative immunohistochemical detection of HSV antigens.

Magnification, X 100.

DAB detection kit (Ventana, Tucson, AZ) and counterstained with hema-
toxylin for 1 min.

Among the 69 biopsy specimens selected, 19 (patient male-to-female
sex ratio, 2.8; median age in years, 60 = 17.4) were diagnosed as esoph-
agitis related to herpetic infection on the basis of typical herpetic histo-
logical changes (presence of plurinuclear squamous cells with vitreous
aspect of the cores and/or intranuclear inclusion bodies) and positive
immunohistochemical staining (Fig. 1). These samples were designated
histopathologically positive herpetic (HPH) esophagitis. Another 34
(male-to-female sex ratio, 2.4; median age in years, 66 * 17.5) were con-
sidered nonherpetic esophagitis, since biopsy specimens of esophagitis
lesions presented neither histological evidence of HSV infection nor pos-
itive HSV immunohistochemical staining (Fig. 1). These samples were
designed as histopathologically nonherpetic (HNH) esophagitis. HNH
esophagitis cases were related to reflux esophagitis (n = 27), candidal
esophagitis (n = 2), and postirradiation esophagitis (n = 5). Finally, 16
samples were collected from patients (male-to-female sex ratio, 1.7; me-
dian age in years, 58 = 14.3) who did not present with esophagitis lesions
at the endoscopic examination; this status was confirmed by the absence
of histological evidence of esophagitis and negative HSV immunobhisto-
chemical staining of the esophageal biopsy specimens.

HSV quantitative real-time PCR assay. After the dewaxing phase, the
whole block of esophageal tissue selected according to the histological
examination results was subjected to proteinase K (600 milli-Anson units/
ml) (Merck Novagen, Darmstadt, Germany) digestion in extraction buf-
fer containing 20 mM Tris-HCI, pH 8.3 (Sigma-Aldrich, St. Louis, MO),
and 0.5% SDS (Sigma-Aldrich, St. Louis, MO) for 30 min in a water bath
at 56°C. DNA for real-time PCR assay was then extracted from the super-
natant obtained after centrifugation (1 min at 6,000 X g) using EasyMAG
(bioMérieux, Marcy 'Etoile, France) according to the manufacturer’s in-
structions. A glyceraldehyde 3-phosphate dehydrogenase (GAPDH) real-
time PCR assay was performed on the 69 samples investigated and dem-
onstrated the ability to amplify at least a 600-base-pair amplimer of the
DNA extracted from formalin-fixed, paraffin-embedded archival biopsy
specimens (13).
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The TagMan HSV quantitative real-time PCR assay integrating PCR
inhibitor detection was performed using an iCycler IQ (Bio-Rad, Marnes-
la-Coquette, France) as described previously (6). The oligonucleotide
primers used for amplification were constructed to detect the HSV-1 and
HSV-2 glycoprotein B gene. Thus, HSV detected in the esophageal spec-
imens were typed with the multiplex endpoint PCR kit Herpes Consensus
Generic (Argene, France), screening for HSV-1, HSV-2, varicella-zoster
virus (VZV), cytomegalovirus (CMV), Epstein-Barr virus (EBV), and hu-
man herpesvirus 6 (HHV-6). Moreover, the HSV-1 DNA-positive biopsy
specimens were independently tested five times each in five successive
experiments in order to assess the repeatability as well as three times each
within the same experiment to assess the reproducibility of the viral quan-
titation from paraffin-embedded esophageal tissue. The mean value of the
viral load for each sample assessed through the repeated analyses was then
used for statistical comparison between HPH and HNH esophagitis sam-
ples.

For each sample, total extracted DNA was quantified by optical density
at 260/280 nm using a Picodrop Microliter UV/Vis spectrophotometer
(Saffron Walden, United Kingdom). HSV-1 viral load levels were then
normalized and expressed as the number of HSV-1 DNA copies per mi-
crogram of total extracted DNA.

Statistical analysis. Quantitative variables were described as me-
dian = standard deviation and qualitative data as number and percentage.
The accuracy of the quantitative real-time PCR assay to diagnose HSV-1
esophagitis was determined by sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) using the histopatho-
logical examination as the gold standard. The reproducibility and the
repeatability of HSV-1 quantitative measurements in paraffin-embedded
esophageal tissue were assessed through intraclass correlation coefficient
(ICC) determination. Viralload levels of HPH and HNH esophagitis sam-
ples were compared using the Wilcoxon test. A receiver operating charac-
teristics (ROC) analysis was performed to find the best viral load thresh-
old separating the HPH esophagitis from the HNH esophagitis. Results
were considered statistically significant for two-sided P values of <0.05.
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TABLE 1 Comparison of esophagitis biopsy specimen testing results by
histopathological examination and quantitative PCR assay

No. with result of

L. histopathological examination
Quantitative PCR assay P &

result Positive Negative
Positive 18 9
Negative 1 25

No. of specimens tested 19 34

All statistical analyses were performed using the SAS system release 9.0
(SAS Institute Inc.).

RESULTS

Comparison of HSV DNA detection to histopathological exam-
ination for HSV esophagitis diagnosis. Among the 69 esophageal
specimens tested, the HSV quantitative real-time PCR assay de-
tected HSV DNA in 27. HSV was detected only in esophagitis
biopsy specimens, whereas the 16 esophageal specimens obtained
from patients presenting without any lesion of esophagitis re-
mained negative. The multiplex endpoint PCR kit Herpes Con-
sensus Generic (Argeéne, France) identified HSV-1 in all 27 HSV
DNA-positive specimens.

Table 1 shows the overall results obtained by both quantitative
real-time PCR assay and histopathological examination from the
53 esophagitis biopsy specimens investigated. HSV was not de-
tected in only one HPH esophagitis sample, whereas 9 of the 34
HNH esophagitis samples tested positive for HSV DNA by PCR
assay. In summary, the HSV quantitative real-time PCR assay
demonstrated, by comparison to the routinely used histopatho-
logical examination considered the gold standard, a sensitivity of
94.7% (range, 89.4 to 99.9), a specificity of 73.5% (58.7 to 88.3), a
PPV of 66.7% (55.6 to 77.8), and an NPV of 96.1% (88.7 to 100)
for HSV-1 esophagitis diagnosis.

Viral load quantitation in HPH and HNH esophagitis biopsy
specimens. Viral load was then determined in each HSV-1 DNA-
positive biopsy specimen. Repeated analyses demonstrated ICCs
0f0.98266 (0.93555 t0 0.99710) and 0.94109 (0.75580 to 0.99317),
demonstrating the reproducibility and repeatability, respectively,
of HSV-1 quantitative measurements in paraffin-embedded
esophageal tissue.

Viral loads measured in the 18 HPH esophagitis biopsy speci-
mens positive by HSV PCR assay were then compared to those
quantified in the 9 HNH esophagitis biopsy specimens also posi-
tive for HSV-1 DNA detection. The viral load levels were from
1.3 X 103 to 3.4 X 108 (median, 2.9 X 10° = 1.1 X 10%) and from
48 to 2.0 X 10* (median, 3.1 X 10°> = 6.2 X 10%) HSV-1 DNA
copies/ug of total extracted DNA in HPH and HNH HSV-1 DNA-
positive esophagitis biopsy specimens, respectively (Fig. 2).
HSV-1 viral loads were significantly higher in HPH esophagitis
biopsy specimens by comparison to HNH esophagitis samples
(P = 0.0009).

ROC analysis. A receiver operating characteristics (ROC)
analysis was also performed to find out the best viral load thresh-
old enabling separation of the HPH and HNH esophageal biopsy
specimens positive by the HSV PCR assay. The area under the
ROC curve was 0.951 (range, 0.870 to 1.032), confirming that the
histopathological results were well correlated to the viral load
quantified by HSV quantitative real-time PCR assay in the clinical
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samples. The best cutoff value was 2.5 X 10* HSV-1 DNA cop-
ies/ ug of total extracted DNA, demonstrating sensitivity and spec-
ificity of 83.3% and 100%, respectively, for HSV-1 esophagitis
diagnosis by comparison to results of histopathological examina-
tion considered the reference method.

DISCUSSION

HSV-1 esophagitis diagnosis is based on the endoscopic findings
confirmed by histopathological examination of the esophagitis
lesions (10, 11, 12, 14, 19). The place of the virological diagnosis in
an HSV-1 esophagitis diagnosis remains unclear. However, previ-
ously published series revealed that histopathological examina-
tion alone may miss the diagnosis whereas adding tissue viral cul-
ture enhances the diagnostic sensitivity (2, 19). To optimize
HSV-1 esophagitis diagnosis, HSV-1 DNA detection by PCR assay
has been described as a more sensitive, rapid, and easier diagnostic
tool than viral culture, allowing an efficient etiological diagnosis in
order to initiate early antiviral treatment (9). The aim of the pres-
ent study was to assess the advantage of the esophageal biopsy
specimen testing by quantitative real-time HSV PCR assay by
comparing the results obtained to those of histopathological ex-
amination, which is considered the gold standard.

The data obtained from 53 esophagitis biopsy specimens
demonstrated a good sensitivity of the PCR assay of paraffin-
embedded tissue, since HSV-1 DNA was detected in 18 of the 19
HPH esophagitis samples. Thus, histopathological and molecular
virological results appeared to be well correlated for the diagnosis
of HSV-1 esophagitis. Furthermore, the high negative predictive
value of the HSV-1 DNA detection suggested that HSV-1 esoph-
agitis could be excluded in the case of a negative PCR result. Only
one case of HPH esophagitis was not detected by the quantitative
real-time HSV PCR assay (Table 1). The discrepant result could be
likely explained by a false-negative result of the PCR assay due to
incomplete removal of protein-nucleic acid cross-links from ex-
tracted DNA or by alteration of viral nucleic acid from paraffin-
embedded tissue despite a positive GAPDH PCR assay result for
all of the esophageal biopsy specimens investigated (8, 19). This
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FIG 2 Box plots showing HSV viral load levels (y axis) in cases of HSV or
non-HSV esophagitis (x axis). The lower and upper ends of the box are the
25th and 75th quartiles, respectively. The line across the middle of each box
identifies the median value of the HSV viral load in the esophageal specimens
tested. The asterisk indicates a statistically significant result (P < 0.05).
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discrepant sample highlighted the main drawback of performing
PCR with paraffin-embedded tissues, where many inhibitors are
encountered, which could lead to false-negative PCR results.

In contrast, the real-time PCR assay showed a low positive
predictive value for correct diagnosis of HSV-1 esophagitis. In-
deed, HSV-1 DNA was detected in 9 of the 34 HNH esophagitis
samples, highlighting that qualitative virus detection alone is in-
adequate to confirm HSV-1-related esophagitis (Table 1). The
reference method used for this comparison was the histopatho-
logical examination, which is the only method allowing assess-
ment of viral cytopathic effect and virus replication in the esoph-
ageal biopsy specimens. No other reference method is available,
since the endoscopic aspect is not specific to HSV infection; clin-
ical improvement in spite of the lack of antiviral medication was
previously reported in many studies, and virus detection either by
viral culture or PCR assay can be linked to asymptomatic viral
shedding with latent HSV reactivation, which is frequently found,
in particular, in the immunocompromised host and could not be
considered HSV-1 esophagitis (1, 2, 5). Besides, HSV-1 esophagi-
tis may appear to be more frequent when using the PCR assay,
which is more sensitive in detecting HSV in esophagitis biopsy
specimens than previously reported when only histology and im-
munohistochemical staining were used (21). Moreover, histo-
pathological examination may miss the herpetic esophagitis diag-
nosis, since HSV-1 replication within the esophagus mucosa
could be focal. In this case, HSV DNA-positive detection with no
histological evidence of herpetic esophagitis could be observed.
This hypothesis is supported by the detection of HSV-1 DNA in
HNH esophagitis biopsy specimens whereas esophageal biopsy
specimens without histological lesions of esophagitis remained
negative. The lack of a reference method other than histopatho-
logical examination for HSV-1 esophagitis diagnosis avoids a con-
clusion of the clinical significance of HSV-1 DNA detection in
esophagitis biopsy specimens when immunohistochemical stain-
ing remains negative.

To address this question and to discriminate HSV-1 esophagi-
tis from asymptomatic viral shedding, quantitation of the viral
load in esophageal biopsy specimens could be of great interest.
Indeed, viral loads measured in HPH esophagitis biopsy speci-
mens in this study (18 specimens out of 19) were significantly
higher than those quantified in HNH esophageal biopsy speci-
mens in which HSV-1 DNA was detected (9 specimens out of 34)
(Fig. 2). As shown by the ROC analysis, viral load levels assessed by
the HSV quantitative real-time PCR assay appeared to be well
correlated to the histopathological examination results of the
esophageal biopsy specimens. The cutoff viral load level deter-
mined through the ROC analysis (2.5 X 10* copies/ug of total
extracted DNA) allowed the HSV-1 esophagitis diagnosis with a
sensitivity and specificity of 83.3% and 100%, respectively. These
data suggest that a viral load greater than 2.5 X 10* copies/ug of
total extracted DNA should be a good threshold for HSV-1 esoph-
agitis diagnosis when histological and immunohistochemical
staining results are missing or uncertain. Nevertheless, the clinical
relevance of low viral load detection in esophagitis biopsy speci-
mens without histological evidence of HSV-1 infection remains to
be determined in further studies.

In conclusion, this work demonstrated that HSV-1 DNA de-
tection from paraffin-embedded esophageal tissue was well corre-
lated to histopathological findings for HSV-1 esophagitis diagno-
sis. This method could be diagnostic in cases of high viral load
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assessed in esophageal biopsy specimens. However, due to the
high sensitivity of the PCR, viral quantitation is mandatory to
differentiate HSV-1 esophagitis from asymptomatic viral shed-
ding associated with negative histopathological examination of
esophageal biopsy specimens. Further studies using larger num-
bers of HPH and HNH esophagitis biopsy specimens will be re-
quired to confirm the viral load threshold associated with HSV-1
esophagitis.
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