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Purpose: To comparatively analyze the methodological efficacy of the polymerase chain reaction (PCR) assay

for herpes simplex virus 1 (HSV) detection in tears.

Methods: This retrospective study reviewed the medical records of 115 patients who were clinically diagnosed
with herpes keratitis, and their tear samples were collected for HSV detection. PCR positive rates were
analyzed for their dependence on the PCR primers used (conventional PCR primer vs. nested PCR primer),
the tear collecting method used (micropipetting vs. collection with schirmer strip), the disease manifestation

and the patient’s previous medication history.

Results: HSV DNA was detected in 23 out of 115 (20%) tear samples. The PCR positive rate in tear samples
did not differ depending on the PCR primer or tear collection method used. Typical epithelial lesions showed a
higher positive rate (31.4%) than atypical epithelial lesions (10.9%). The previous history of the antiviral agent

seemed to affect the PCR positive rate.

Conclusions: Although the PCR positive rate was not dependent on the tear collection method or primers, HSV
detection in tears using PCR was shown to be a supplementary diagnostic test in typical and atypical herpes

epithelitis.
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Herpes simplex virus 1 (HSV) keratitis has been one of
the major causes of keratoplasty in South Korea [1]. A rap-
id, accurate diagnosis and immediate treatment using anti-
viral medication are critical to preventing corneal blind-
ness. However, the clinical manifestation of herpes
keratitis is too varied to be diagnosed solely based on its
clinical findings. Up until now, laboratory diagnostic tools
have not been good enough to detect HSV definitively in
patients with herpes keratitis.

Several laboratory tests have been introduced, such as
virus culture for virus isolation, immunofluorescence and
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polymerase chain reaction (PCR) assay to detect HSV. Re-
cently, herpes PCR has been reported to have the advan-
tages of higher sensitivity and shorter processing time than
direct virus isolation as a standard procedure [2-5]. Never-
theless, PCR has some shortcomings that include altered
results depending on the primer composition for the target
DNA, the proficiency of the clinical laboratory worker and
the risk of contamination.

The clinical feasibility of herpes PCR is still being de-
bated in the ophthalmologic field because of the reported
disadvantages mentioned above as well as more recent re-
ports that have shown low sensitivity of herpes PCR in
tears and epithelial cells. Therefore, the purpose of this
study was to comparatively investigate the methodological
efficacy of PCR assay in the detection of HSV in tears and
to analyze other factors that affect the positive rate.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses
/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Material and Methods

Patient selection

The medical records of a total 115 patients, who were
clinically diagnosed as herpes keratitis and whose tear
samples were collected for HSV detection, were retrospec-
tively reviewed. The institutional review board of the
Seoul National University Hospital approved this study’s
protocol (H-1201-015-392) and the protocol complied with
the tenets of the Declaration of Helsinki. The patients who
visited the Seoul National University Hospital during the
period of November 2006 through July 2011 were enrolled
in this study. The patients who had combined bacterial in-
fections or other corneal degenerative or immune-related
keratitis and who has less than six months of follow-up
were excluded.

Collection of tear samples

Two collection techniques for tear samples were em-
ployed. From November 2006 through March 2010, tears
were collected from the lower fornix using schirmer strips
(Eagle Vision, Memphis, TN, USA) for five minutes in pa-
tients who visited the clinic; this method had been adopted
in a previous study [6]. After March 2010, tears were mi-
cropipetted, after 100 pl of irrigation using normal saline
in the lower fornix; a method that has been described in
other study [7]. Both types of specimens were placed into
a Tris-EDTA buffer and stored at -70°C for HSV PCR as-
say.

DNA extraction and polymerase chain reaction

DNA was extracted from the 50 uL tear samples using
the Magna Pure 96 system (Roche Applied Science, India-
napolis, IN, USA), as per the protocol from the manufac-
turer. This DNA extraction removed any residual fluores-
cein that could interfere with the PCR assay. A
concentrated DNA sample of 0.01 mLwas used for PCR as-
say. From November 2006 to December 2008, simple PCR
assay had been performed in the Department of Clinical
Microbiology and Pathology at the Seoul National Univer-
sity Hospital. Oligonucleotide primers for HSV were de-
signed to bracket a well-conserved region in the DNA
polymerase gene of herpes simplex viruses. Primer pair
HSV-P1 (5-CGACTTTGCCAGCCTGTACC-3’) and P2
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(5-AGTCCGTGTCCCCGTA-GATG-3’) was used to am-
plify the locus of the DNA polymerase gene of HSV-1 and
HSV-2. The DNA sample with 10 pmol of each primer pair
contained 50 mM KCl, 10 nM Tris-HCI, 1.5 mM MgCl,,
0.01% gelatin, 5% dimethylsulfoxide, 200 uM of each de-
oxynycleotide triphosphates, and 2.5 U of Taq polymerase
(Perkin-Elmer Centus, Norwalk, CT, USA). The reactions
were performed in an automated thermal cycler. The PCR
cycle used was 1 minute at 94°C as a denaturation step, |
minute at 60°C as an annealing step and 1 minute at 72°C
as a synthesis step, and was repeated 40 times [8]. Since
January 2009, nested PCR assay had been used to detect
HSYV, using the HSV-1/HSV-2 oligomix Alert Kit (Nanogen
Advanced Diagnostics, Corso Torino, Italy), which was op-
timized to amplify 160bp HSV-1 and 81bp HSV-2, accord-
ing to the manufacturer’s standard PCR condition and pro-
tocol in the department of clinical microbiology and
pathology at the Seoul national University Hospital.

Analysis of polymerase chain reaction products

The 10 pL of each amplified PCR product was loaded
on a 2% agarose gel containing ethidium bromide (FMC
Bioproducts, Rockland, ME, USA). These were then elec-
trophoresed horizontally and each HSV DNA band was
identified under ultraviolet transillumination.

Statistical analysis

The statistical comparison of PCR results was analyzed
using the SPSS ver. 19 (IBM SPSS, Armonk, NY, USA).
The chi-square test was used to compare the incidence of
the positive result of PCR assay, to the two sampling meth-
ods, the two PCR assay methods, typical or atypical epi-
thelial lesions of HSV keratitis, previous history of HSV
keratitis and previous use of antiviral medication. Signifi-
cance was assigned to calculated p-values <0.05.

Results

First, we analyzed the demographics of the enrolled pa-
tients. The mean age of the patients was 54.2 + 19.2 years.
The male to female ratio was 63 : 52. The mean follow up
duration was 18.6 + 7.9 months. Thirty-seven (33%) pa-
tients revealed a previous history of HSV keratitis on the
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same eye, and 55 patients had used the antiviral agent
within 1 month of the tear sampling. Finally, 51 patients
showed a typical dendritic or geographic epithelial lesion
in their cornea (Table 1).

Next, we analyzed the total positive rate of tear PCR as-
say and the conditional positive rates according to the
methods used to collect the tears and the methods used to
detect herpes. The total incidence rate of positive PCR was
20% (23 out of 115) in the tears. There was no statistical
difference in the positive PCR rates according to the tear
collection method, i.e. use of the schirmer strip vs. micro-
pipetting with normal saline irrigation (Table 2), or the

Table 1. Classification of HSV keratitis patients according to
corneal lesion, and their tear PCR results

No. of patients

No. of . -
HSV keratitis patients w1tthé)I§\1t1ve
(n=115) (n=23)
Superficial dendritic keratitis 37 13
Superficial geographic keratitis 14 3
Superficial atypical keratitis 34 4
with stromal impairment
Stromal keratitis without 16 1
epithelial defect
Endothelitis 3 0
Keratouveitis 11 2

HSV = herpes simplex virus 1; PCR = polymerase chain reaction.

PCR assay method, i.e. simple PCR and nested PCR (Table
3).

Finally, we investigated whether clinical factors affect
the positive rates of tear PCR. The patients who presented
with a typical corneal epithelial lesion displayed higher
positive rates of PCR than the patients with an atypical ep-
ithelial lesion (p = 0.006) (Table 4). There was no signifi-
cant statistical difference in the positive PCR rates be-
tween the patients with previous herpes keratitis history
and patients without previous history (Table 5). Finally, the
positive PCR rates were greater in the patients without
previous usage of anti-herpecidal medication than in the
patients with previous usage of the antiviral agent within 1
month before the tear sampling (p < 0.001) (Table 6).

Discussion

This study found out that the positivity of tear PCR
seemed to not be dependent on the tear collection method
or the primers used. Because of its relatively low positive
rate, HSV detection in tears using PCR was shown to be a
supplementary diagnostic test in typical as well as atypical
herpes epithelitis. In addition, previous usage of the anti-
herpes medication appeared to affect the detection of her-
pes using PCR.

Table 2. The incidence of positive PCR results between schirmer strip sampling and inferior forniceal sampling using a micropi-

pette
PCR results
Positive Negative Total
Sampling method Schirmer strips 19 (22.4) 66 (77.6) 85 (100) p= 0.288"
Micropipetting 4(13.3) 26 (86.7) 30 (100)
Total 23 (20) 92 (80) 115 (100)
Data reported as n (frequency, %).
PCR = polymerase chain reaction.
"Pearson chi-square test.
Table 3. The incidence of positive PCR results between simple PCR and nested PCR
PCR result
Total
Positive Negative o
PCR method Simple PCR 7 (15.6) 38 (84.4) 45 (100) p=0.339"
Nested PCR 16 (22.9) 54 (77.1) 70 (100)
Total 23 (20) 92 (80) 115 (100)

Data reported as n (frequency, %).
PCR = polymerase chain reaction.
Pearson chi-square test.
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Table 4. The incidence of positive PCR results between patients with typical epithelial lesions and patients with atypical epithelial

or stromal lesion only

PCR result Total
Positive Negative
Corneal finding Typical epithelial lesion 16 (31.4) 35 (68.6) 51 (100) p=0.006"
Atypical epithelial lesion 7 (10.9) 57 (89.1) 64 (100)
Total 23 (20) 92 (80) 115 (100)

Data reported as n (frequency, %).
PCR = polymerase chain reaction.
Pearson chi-square test.

Table 5. The incidence of positive PCR results between patients with a previous history of HSV keratitis and patients without a

previous history of HSV keratitis

PCR result Total
Positive Negative
Previous history of Previous history 4(10.8) 33(89.2) 37 (100) p=0.090"
HSV keratiti .
eramiis No history 19 (24.4) 59 (75.6) 78 (100)
Total 23 (20) 92 (80) 115 (100)

Data reported as n (frequency, %).
PCR = polymerase chain reaction; HSV = herpes simplex virus 1.
"Pearson chi-square test.

Table 6. The incidence of positive PCR results between patients with previous use of an antiviral agent and patients without previ-

ous use of an antiviral agent

PCR result
Total
Positive Negative
Previous use of antiviral agent No use 23 (41.8) 32 (58.2) 55 (100) p=< 0.001"
Use 0(0) 60 (100) 60 (100)
Total 23 (20) 92 (80) 115 (100)

Data reported as n (frequency, %).
PCR = polymerase chain reaction.
Pearson chi-square test.

Since the sensitivity of PCR assays for the detection of
the DNA of infectious microorganisms has been shown to
be very high, which indicates that this method is an effec-
tive and valuable laboratory tool, continuous investigation
regarding the feasibility of PCR to detect the herpes virus
h as been performed [9,10]. In 1990, the first report came
out that HSV DNA was detected in the cornea by PCR as-
say [11]. Thereafter, reports with small numbers of the cas-
es were documented and these suggested that PCR is high-
ly sensitive to herpes keratitis in tear and corneal scraping
samples [12,13].

On the contrary, the studies with large numbers of cases
did not show high sensitivity of PCR using tear or corneal
scraping samples. Farhatullah et al. [14] reported a positive

detection rate of HSV DNA in 49 out of 146 (33.6%) ocular
samples using multiplex PCR. Satpathy et al. [6] presented
that HSV DNA was detected in 32 out of 229 (13.97%) tear
samples and in 56 out of 153 (36.66%) corneal scraping
samples from suspected HSV keratitis patients with PCR
assay. Finally, Hlinomazova et al. [15] showed a 40.09%
HSV detection rate in 212 samples collected by flocked
swabs using the real time PCR. Our data, which consisted
of large numbers, also supported these studies, implying
that tear PCR has a supplementary role in the diagnosis of
herpes keratitis and should therefore not be used as a de-
finitive tool.

This study was also consistent with Heo’s preliminary
report [16], which presented a lower detection rate of HSV
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DNA in tear specimens (4 out of 21, 19%) than in corneal
scraping specimens (4 out of 6, 67%) in Korea. These data
show that corneal scraping sampling was more sensitive to
HSV DNA compared to tear sampling [6,16]. However,
non-invasive tear samplings might be needed for PCR as-
says in cases where a corneal scraping sample could not be
collected due to a thinned cornea, the lack of an epithelial
lesion or poor compliance of the patients.

Additionally, this study attempted to find methods of in-
creasing the sensitivity of the tear PCR method to HSV
detection. For this reason, we compared the sensitivities of
the conventional PCR primers, which have been used pre-
viously [12], and the nested PCR primers. The nested PCR
is a two-step PCR with two pairs of PCR primers for a
single locus to prevent unexpectedly primed PCR and im-
prove diagnostic sensitivity. There have been several stud-
ies reporting that nested PCR was more sensitive than
simple PCR [17-19]. However, in this study, there was no
significant difference in the sensitivity between the simple
PCR group and the nested PCR group. In addition, the tear
collection method did not affect the sensitivity of HSV
DNA detection. Considering that tears are constantly cir-
culated, it is possible that tears, which stay in the eye until
the very moment of the examination, may not hold enough
HSV DNA to be detected consistently, regardless of the
PCR primers or collection methods used.

Clinical manifestation, however, seemed to be involved
in the detection rate of the HSV DNA in tear PCR. Our re-
sults showed a higher detection rate of HSV DNA in pa-
tients with typical epithelial lesions than in patients with
atypical epithelial lesions or stromal keratitis. Our data
support the results from a previous study that PCR assay
detected fewer incidences of HSV DNA in the ocular
specimens from the patients with HSV keratitis who pre-
sented with atypical epithelial lesions, or only stromal le-
sion, than patients who presented with typical epithelitis
[16]. These results could be explained by a few hypotheses.
First, atypical keratitis was detected at the late stage of the
disease when HSV DNA was almost cleared from the tear
and corneal surface by immune reactions, while typical
epithelial lesions appeared at an early stage when viral
replication was very active. The other possibility is misdi-
agnosis as atypical HSV keratitis, accompanied by no
shedding of the HSV DNA from the stromal lesion to the
tear in stromal keratitis. Nevertheless, the positive PCR
may be used as a clue to determine the disease in the diffi-
cult cases of patients with atypical lesions, considering that
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tear PCR assay is a noninvasive supplementary tool that
could help to make a rapid clinical diagnosis.

Finally, clinical treatment appeared to decrease the de-
tection rate of HSV DNA in tear PCR. Systemic and topi-
cal antiviral agents, such as acyclovir or valaciclovir,
which had a better oral bioavailability than acyclovir, have
been commonly used to treat and prevent the HSV kerati-
tis. They could effectively suppress the replication of HSV
by inhibiting viral DNA polymerase in the ocular tissue.
In addition to a previous report presenting that HSV DNA
had a lower detection rate in tear samples of the HSV ker-
atitis with pre-antiviral medication (3 out of 18, 16.66%)
than in those without pre-antiviral medication (3 out of 3,
100%) [16], this study implied that treatment with antiviral
medication could attenuate the detection rate of PCR be-
cause our data showed an increased detection rate of the
HSV DNA by 41.8% (23 out of 55) in patients without any
medication. This suggested that PCR assay would not help
to make a diagnosis of HSV keratitis, if suspected patients
had been given the antiviral medication recently before the
sampling.

Our study was limited by the fact that it was not con-
ducted as a non-randomized, controlled study in order to
compare the sensitivity of each method. Furthermore, a
considerable portion of the patients had been referred to
our cornea clinic from other hospitals and had been treated
with anti-viral medication, which has been shown to affect
the detection rate. Finally, we could not perform viral cul-
ture or immunofluorescence detection of HSV in order to
increase the specificity of the detection rate in tear PCR,
due to time limitations and faculty shortage at the clinic.
Nevertheless, this study provides relevant clinical informa-
tion regarding tear herpes PCR and supports previous
studies that indicated the supplementary role of tear PCR.

In conclusion, tear PCR assay seemed to be a supple-
mentary laboratory test to diagnose HSV keratitis, and it
might be affected by previous anti-viral treatment.
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