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Abstract
e AIM: To design,

internally controlled real-time polymerase chain reaction
(RT -PCR) test for herpes simplex virus (HSV) in the
diagnosis of necrotizing herpes stromal keratitis.

optimize and validate a rapid,

e METHODS: Tears alone or together with corneal

epithelium scrapings from 30 patients (30 eyes)
suspected of necrotizing herpes stromal keratitis were
tested for HSV DNA by RT -PCR. The samples were
collected during the first visit and then on the
subsequent 7, 14, 28, 42, and 56d. The symptoms of the
patients were scored before treatment to determine the
correlation between HSV concentration in the corneal
epithelium scrapings and clinical scores.

e RESULTS: The positive rate (46.4% ) in the corneal

epithelium group before the therapy was significantly
higher than that (13.3%) in the tears group (/~=0.006).
There were 13 positive HSV patients before the therapy,
the concentration of HSV DNA in corneal epithelium
scrapings group was significantly higher than that in the
tears group (paired 7-test, A=0.0397). Multilevel mixed-
effects model analysis showed that the difference
between the corneal epithelium scrapings group and the
tears group was statistically significant (/~=0.0049). The
Spearman rank correlation analysis indicated a positive
correlation between the HSV concentration in the corneal
epithelium scrapings and clinical scores before the
treatment (~ =0.844, £ <0.0001).

e CONCLUSION: RT -PCR appears to be a powerful

molecular tool for the diagnosis of necrotizing herpes
stromal keratitis.

e KEYWORDS: necrotizing herpes stromal keratitis; real-time

polymerase chain reaction; corneal epithelium scrapings; tears
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INTRODUCTION
H erpes stromal keratitis (HSK), which is subdivided into
necrotizing herpes stromal keratitis and immune herpes
stromal keratitis ", is a leading cause of corneal blindness
that accompanies herpes simplex virus (HSV) infection of
the eye™. Many studies™ have demonstrated that HSV can
establish latency in either the trigeminal ganglia or the
cornea after primary infection and can eventually be
reactivated by fever, exposure to ultraviolet rays U, general
ill-health, emotional stress, physical exhaustion, mild trauma,
menstrual stress” and so on™.
Previously the diagnosis of HSK relied on a history of
recurrent keratitis, as well as typical clinical manifestations
in the infected eye . However, after therapy, HSK does not
have specific clinical features, so the disease remains a
diagnostic and therapeutic challenge to ophthalmologists.
Shimeld ez 2/ " successfully isolated HSV from the cornea
in patients with chronic stromal keratitis, and virus isolation
is considered the "golden standard" in laboratory diagnosis.
However, this technique is time-consuming, has low
sensitivity, and requires a special laboratory for viral
processing. Techniques that rely on immunofluorescence are
adversely influenced by false-positive and false-negative
results, small sample size, and subjective variation in the
interpretation of data . The polymerase chain reaction
(PCR), which is sensitive and has a relatively rapid
processing time !, can also be used to detect HSV DNA.
However, the theoretically high sensitivity of PCR is offset
by a high cost and the need for dedicated laboratory space
(three separate areas) and trained technicians!™.
Real-time polymerase chain reaction (RT-PCR), considered
a powerful molecular tool for the diagnosis of necrotizing
herpes stromal keratitis, was developed as an alternative
approach. RT-PCR is a variant of PCR that is performed in a
closed system and does not require post-amplification sample
manipulation. Importantly, the ability to quantify the DNA
by this method allows the measurement of as little as several
hundred DNA molecules to as much as hundreds of millions
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of DNA molecules ". RT-PCR overcomes the drawbacks of
PCR,
contamination, and eliminates the time-consuming detection

conventional reduces the risk for carry-over
step.

Here we report the results of a study testing the use of
RT-PCR in the diagnosis of necrotizing herpes stromal
keratitis. We analyzed the variation trend of the positive rate
and concentration of HSV DNA in comeal epithelial
scrapings and tears before and after the therapy, and we also
examined the correlation between the HSV concentration
and clinical scores before the treatment.

SUBJECTS AND METHODS

Subjects A total of 272 specimens (105 corneal epithelium
scrapings and 167 tears) were collected from 30 patients (30
eyes, 18 right and 12 left) with clinically diagnosed
necrotizing herpes stromal keratitis. These patients were
treated at the Department of Ophthalmology, Nanjing First
Hospital between September 2012 and September 2013. The
patients included 13 males and 17 females, and their ages
ranged from 20 to 56y, with a mean age of 38.5y. Because
the patients had normal kidney functions, were neither
pregnant nor breast feeding, or did not have severe heart,
lung, liver, or kidney dysfunctions or a history of diabetes
and malignant tumors, the wide range in the age of the
subjects did not significantly influence the study. This study
was conducted in accordance with the Declaration of
Helsinki. This study was conducted with approval from the
Ethics Committee of Nanjing Medical University. Written
informed consent was obtained from all participants.
Inclusion and Exclusion Criteria Selection of patients was
based on the following criteria ™ 1) history of recurrent
keratitis; 2) presence of deep stromal infiltration; 3) typical
dendritic or geographical configuration noted during one or
more of the previous attacks; 4) corneal anesthesia; and 5)
(verified by

cultivation). If one or more of the five criteria were not

negative for bacterial and fungal ulcer

fulfilled or a secondary bacterial or fungal infection was
found, the patient was excluded from the study. Patients
recruited in this study were not undergoing treatment with
any drug, including systemic antiviral drugs, or had stopped
antiviral drugs treatment for at least 1wk. Patients were
strictly prohibited from taking other antiviral drugs during
this trial, and they had no other eye problems and had
normally functioning kidneys (creatinine clearance rate
=70 mL/min). Patients were excluded from the study if they
were pregnant or breastfeeding or if they had severe heart,
lung, liver, or kidney dysfunctions or a history of diabetes or
malignant tumors. Three patients were excluded without
normal functioning.

Treatment Patients were treated with 0.15% ganciclovir
(GCV) gel solution (one drop each time, 4 times per day,
dripped into the conjunctival sac of the eye) and 0.1%

fluorometholone eye drops (1 drop each time, 3 times a day,
dripped into the conjunctival sac of the eye) until complete
recovery, in combination with oral GCV (1000 mg per dose,
3 times per day for 8wk) followed by oral ACV at a dose of
400 mg twice per day for 6mo.

Specimen Collection Specimens were collected during the
first visit and then on the subsequent 7, 14, 28, 42, and 56d.
Corneal epithelium scrapings were collected " by debriding
the edge of an ulcer with sterile needles, then were stored in
100 pL of sterile saline at -70°C until processed. Tears
(100 wL) were collected by stimulating the conjunctival
fornix with minuscule sterile glass capillaries, and then were
stored in the same conditions as the corneal epithelium
scrapings.

There were 28 samples collected from the corneal epithelium
scrapings on the initial visit, and 28, 23, 17, 8, and 1 (105
totally) collected on the respective follow-up visits. Two of
the 30 patients refused to submit to the corneal epithelium
scrapings during the first visit. Corneal epithelium scrapings
collection stopped when the corneal epithelium was intact.
The numbers of samples in the tears group were 30 from the
first visit, and 30, 28, 27, 26, and 26 (167 totally) on the
respective follow-up visits. With treatment, the volume of
the tears was too small to collect from four patients.

DNA Extraction and Real —time Polymerase Chain
Reaction All samples obtained from the subjects were stored
at -70°C before DNA extraction. RT-PCR ™ for the detection
of HSV DNA was carried out using the Artus HSV-1
QS-RGQ kit (Qiagen, China). Reactions were set-up and
performed according to the manufacturer's instructions, and
were executed by the vitro medical diagnostic device
intended for use on the Loche 480 instrument. All reactions
were performed in a total volume of 40 pL. The reaction
conditions were as follows: pre-denaturation at 37°C for
5min, followed by 40 cycles of denaturation at 94°C for
Imin, annealing at 95°C for 5s and extension at 60°C for
30s.

Scoring of Symptoms Patients were examined by slit lamp
before and after the cornea was stained with fluorescein and
then were instructed to grade each of his/her symptoms
[visual deterioration, redness, ophthalmalgia, lachrymation,
photophobia, secretion, conjunctiva

injection, ciliary

injection, folliculosis, cornea inflammation, Keratic
precipitate (kp), Tyndall phenomenon, posterior synechia of
the iris, uncomfortable] by using the numbers 0-4 (O=lowest,
4=highest). The patients were also asked to indicate the total
scores in all follow-up windows. During follow-up, all
subjects were asked about whether any discomfort had
occurred during therapy. All patients orally administered
with drugs underwent routine blood and urine examinations
as well as liver and kidney function examinations to monitor
adverse reactions of drugs.
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Table 1 The comparison of positive rate in two groups with each follow-up point by RT-PCR

Group Time Pre-treatment 1% week 2™ week 4% week 6" week 8™ week
o . Positive samples 13/28 2/28 2/23 1/17 0/8 0/1
Corneal epithelium scrapings ;
P 0.001 0.003 0.004 0.032 1.000
Positive samples 4/30 2/30 1/28 0/27 0/26 0/26
Tears p 0.671 0.354 0.114 0.115 0.115
P 0.006 1.000 0.583 0.386 — —
!P: Comparison of 1 week, 2™ week, 4" week, 6" week and 8" week to the pre-treatment (Chi-squared test).
Statistical Analysis All data were analyzed by the SPSS19.0 ey T T o T B

and MLwiN2.28 software using the Chi-squared test, paired
7 -test, Spearman rank correlation analysis and multilevel
mixed-effects model. Values on this study are reported as
mean +SD or P50 (P25-P75). Results were considered
statistically significant for two-sided /2 <0.05.

RESULTS

Amplification Curves and Standard Curves of Herpes
Simplex Virus Transcripts Amplification curves and the
standard curve of HSV transcripts are shown in Figure 1.
Values of RT-PCR were normalized to calculate copy
numbers of HSV transcripts in the samples according to the
standard curve with LightCycler Software, Version 3.5
(Roche Diagnostic, Inc.)!",

Variation Trend of Positive Rate The comparison of the
percentage of positive samples in the corneal epithelial
scrapings and in the tears after each follow-up visit as
detected by RT-PCR is shown in Table 1. The highest
positive percentage was obtained in the corneal epithelium
scrapings on the first visit. The positive percentage was
significantly reduced in the corneal epithelium scrapings
samples from day 1 to day 56 (8™ week), while there was
only marginally decline in the positive percentage of tears
samples at the same time. Corneal epithelium scrapings
yielded noticeably higher positive rate (46.4%) than in tears
(13.3%) before the treatment (2~ =0.006), but there was no
difference between corneal epithelium scrapings samples and
tears samples during the progression.

Variation Trend of Concentration of Herpes Simplex
Virus DNA Prior to treatment, 13 (43.3% ) of the 30
subjects were positive for HSV either in the corneal
epithelium scrapings or the tears as measured by RT-PCR.
Correlation of the quantitative viral DNA analysis to the
positive patients is summarized in Table 2. The amount of
HSV DNA in the comeal epithelium scrapings was
significantly higher than in tears on the first visit (paired #- test,
£ =0.0397). Multilevel
indicated that the difference between the corneal epithelium

mixed-effects model analysis
scrapings samples and the tears samples was statistically
significant (/~=0.0049); the concentration was undetectable
at 28d after the treatment in the two groups (.~ =0.0007) and
the decline rate of two groups was significantly different
(£2=0.0494).
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Figure 1 Amplification curves and standard curve of HSV
transcripts.
Correlation = Between  Herpes  Simplex  Virus
Concentration and Clinical Scores Scatter plot of the
HSV concentration in the corneal epithelium scrapings
(non-normal distribution) and clinical scores before the
treatment are shown in the Figure 2. Spearman rank
correlation analysis indicated that there was a positive
correlation between HSV concentration and clinical score
(r =0.844, /2 <0.0001). In all

concentrations of HSV were detected, the clinical scores

cases where lower
decreased as well. The symptoms corresponded to the results
obtained from the laboratory.

DISCUSSION

In recent years, the incidence of HSK, which has already
reached 31.5/10°, has shown an increasing trend, both in
China and other countries. Recurrent cases account for the
majority of HSK cases, the incidence of which is 18.3/10°1,
Little statistical data is available on HSK in developing
countries; however, the prevalence and incidence in
developing countries are higher than those in developed
countries. The people in developing countries tend to
develop HSK at an earlier age. Viruses are usually latent in
the trigeminal ganglia " after primary infection. With

repeated reactivation cycles, viruses can also be found in
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Table 2 Results of the quantitative viral DNA analysis to the positive patients (copies/mL)
Groups Statistical index Pre-treatment 7" day 14" day 28" day
Corneal epithelium scrapings Sample amount 13 13 13 13

xts 390420.77+610715.88  529.23+£1291.86  176.54+465.70  44.23+159.48
P50 (P25-P75) 2460 (2165-636500) 0 (0-0) 0 (0-0) 0 (0-0)
Min. 2030 0 0 0
Max. 2020000 3460 1580 575
Incidence No. (rate) 13 (100%) 2 (15.38%) 2 (15.38%) 1(7.69%)
Tears Sample amount 13 13 13 13
xts 893.85+2201.78 140.15+344.99 48.00+£173.07 0.00+0.00
P50 (P25-P75) 0 (0-1150) 0 (0-0) 0 (0-0) 0 (0-0)
Min. 0 0 0 0
Max. 8010 1020 624 0
Incidence no. (rate) 4(30.77%) 2 (15.38%) 1 (7.69%) 0 (0.00%)
2500000 - Before the onset of therapy, the percentage of viral positive
. (46.4%) corneal epithelial scrapings and the concentration of
% 2000000 - G virus in those scrapings were relatively high; however,
2 patients occasionally experienced a mild trauma or
\EJ 1500000 complained about foreign body sensation after sampling. The
S percentage of viral positive (13.3%) tear samples and the
% 1000000 ° concentration of virus in tears were relatively low; however,
£ the sampling of tears does not cause appreciable discomfort
; 500000 | °® in most patients. Some documents reported that positive rate
2 of HSK in tears of asymptomatic patients from the American
od sosess sesebeBEs 08 areas (most of them are white) was between 33.5% and
IR, P 20 5 R o 49% 21 while others have shown that the positive rate of

Clinical scores

Figure 2 Scatter plot of the HSV concentration in the corneal
epithelium scrapings and before the treatment.

corneal epithelial scrapings, stroma, or tears 8. Necrotizing
stromal keratitis is a relatively serious type of HSK, recurrent
attacks of which may lead to blindness. Therefore, rapid and
accurate laboratory diagnosis is quite important. The
modified PCR, RT-PCR!™?! is more specific and sensitive to
viruses than normal PCR, and can be used to detect the virus
more quickly at lower concentration to help make diagnosis
sooner.

A multicenter, prospective, randomized, single-blind, and
controlled clinical trial was conducted by the EYE and ENT
Hospital of Fudan University, Hangzhou First People's
Hospital, and by our lab. We recently published the results
from that study, and here, we used the same criteria to select
patients for this study. In the previous studies, we only used
RT-PCR to diagnose HSK, but we did not monitor the
variation in HSV concentration during the treatment. The
objectives of this study were to develop an optimum
laboratory test for the diagnosis of necrotizing herpes stromal
keratitis and to determine if there is a correlation between
HSV concentration and clinical scores.

HSK in the tears of asymptomatic patients in Japan was only
8.5%, It is possible that many of the asymptomatic patients
in Japan were HSK carriers after primary infection™. In our
study, the positive rate of HSK in the tears of patients was
13.3%. Therefore, we infer that positive rate of HSK in the
tears of patients is related to, not only population
demographics, but also to geographical position.

HSV was detected in the corneal epithelial scrapings or tears
of 13 of 30 patients when first examined. Although HSV was
detected in the tears of only four of the 13 HSV positive
patients, it was detected in the corneal epithelial scrapings of
all 13 patients. When the concentration of virus in the
corneal epithelial scrapings was lower than 10° copies/mL,
HSV was not detected in the tears. When concentration of
virus in the corneal epithelial scrapings was higher than 10°
copies/mL, HSV was detected in the tears of 80% of those
patients and the concentration of HSK in the corneal
epithelial scrapings was significantly higher than in the tears.
Spearman rank correlation analysis indicated a positive
correlation between the HSV concentration in the corneal
epithelium scrapings (non-normal distribution) and clinical
scores before the treatment. Patients with high clinical scores
also had high concentrations of HSV in the corneal
epithelium scrapings before the treatment, and vice versa.
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This result suggests that clinical manifestation before the
treatment correlates with laboratory results. Our current
research was done to understand on the relation between
clinical manifestations and viral concentration at the first
visit, and to establish a basis for diagnosis of herpes stromal
keratitis.

Based on these results, we propose that while it is easier to
detect virus in the corneal epithelial scrapings than in the
tears, HSV becomes detectable in tears after replication
when the viral concentration is high enough in the corneal
epithelial scrapings to become sufficiently abundant in tears.
We propose the use of tears from patients that refuse to
allow collection of corneal epithelial scrapings or from
whom collection of corneal epithelial scrapings would not be
technically feasible. Whenever collecting corneal epithelial
scrapings is feasible, tears cannot replace scrapings for
diagnosis, but tears may act as a substitute for definitive
diagnosis.

In conclusion, RT-PCR is a new and effective laboratory
diagnostic technique that can be used to quantitatively test
the concentration of HSV, observe transformation of HSV
and make correct diagnosis for herpes stromal keratitis. The
sites from where medical samples were collected before the
treatment clearly affect the percentage of positive results and
the concentration of HSV. Therefore, the accuracy of the
diagnosis is improved if the medical material is collected
from the corneal epithelium scrapings. After the treatment,
the percentage of HSK positive samples is low in both
corneal epithelium scrapings and in tears; therefore, the site
of sample collection does not significantly affect the results.
Using RT-PCR, we could monitor the changes in HSV
concentration, which enabled us to assess the development of
the disease.
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