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Abstract

Aims To determine herpes simplex virus (HSV)
DNA positivity in corneal scraping samples obtained
from patients with microbial keratitis whose findings
were not specific for HSV keratitis and to evaluate
these particular cases with respect to clinical features
and antiviral treatment results.

Methods Records of patients with microbial keratitis
treated in a tertiary eye care hospital within the 3-year
period were evaluated retrospectively. Real-time
polymerase chain reaction (PCR) was used to identify
HSV DNA. Smear slides were evaluated by light
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microscopy. Patients with typical presentations and
histories of HSV keratitis were excluded.

Results Two hundred and seventy-six eyes of 276
patients were included in the study. HSV-1 DNA was
detected in 25 eyes (9%). In these 25 eyes, the initial
diagnosis was fungal or bacterial keratitis. The mean
symptom duration was 20 £ 14 days (2-60 days).
The risk factors were ocular surgery (20%), blepharitis
(16%), trauma (8%) and contact lens wear (4%);
however, the majority of patients did not have any
specific cause for keratitis (52%). Clinical features
were variable and not typical for any particular
etiology. Culture and microscopic examinations
revealed bacteria and/or fungi in 6 patients in addition
to herpes infection. Antiviral treatment was successful
in 72% of patients.

Conclusion Herpetic corneal infections can present
without typical dendritic or geographic ulcers and may
be masked by other infections. Real-time PCR is a
useful method for rapid and definitive diagnosis. HSV
infection should be considered for microbial keratitis
without specific risk factors, with negative culture
results and poor response to antimicrobial agents.
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Introduction

Herpes simplex virus (HSV) is a common worldwide
pathogen, and the estimated seropositivity is 90% of
the population 50 years or older in the USA [1].

The most characteristic features of HSV infection
are their latent status in neural ganglion cell nuclei and
various forms of recurrent peripheral herpetic disease
[2]. Herpetic epithelial keratitis is one of the causes of
corneal blindness, and typical presentations include
dendritic or geographical ulcers [3]. In some situa-
tions, certain factors, such as delayed diagnosis,
topical medications (steroids, preservatives, etc.),
ocular trauma or surgical history, may cause clinical
features to be atypical [4]. Timely diagnosis and
initiation of treatment is crucial to prevent sight-
threatening complications in herpetic corneal diseases.
In atypical cases, the isolation or identification of
HSV-1 is necessary for a definitive diagnosis. Labo-
ratory tests, such as cell cytology, viral antigen
detection, nucleic acid detection (polymerase chain
reaction) and virus isolation, can be used for diagnosis
of HSV infection.

Although viral culture is considered gold standard,
besides its low sensitivity compared to polymerase
chain reaction (PCR), it is relatively time-consuming
and may require a week or longer based on amount of
viable virus in the sample [5], whereas PCR process is
automated and results can be obtained in just a few
hours. PCR is not dependent on the presence of viable
virus. Immunofluorescence assay (IFA) for antigen
detection is also a rapid test, but it has some
disadvantages, including lower sensitivity and subjec-
tive interpretation of test results [6, 7].

For HSV detection in corneal scrapings from
patients with herpes simplex virus keratitis, several
studies confirmed that PCR has proven to be more
sensitive (70—100%) than conventional methods such
as cell culture (46.2%) and IFA for HSV antigen
(78.6-85.7%) [8—11]. Accurate and rapid diagnosis of
herpetic keratitis is important for better patient
management and appropriate early treatment. PCR
appears to be the most suitable method of choice for
identifying HSV DNA and could be helpful in clinical
diagnosis of herpetic keratitis [7, 12, 13].

In this study, real-time PCR was used to detect HSV
DNA, because it is superior to conventional PCR.
Real-time PCR is much faster and less labor-intensive.
It has also improved sensitivity and a lower risk of
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cross-contamination of samples as the whole PCR
process from amplification to analysis is performed in
a closed-tube system. While standard PCR requires
post-PCR analysis such as agarose gel electrophoresis
for identifying PCR products by size, it is time-
consuming and non-automated. In addition, the pri-
mary advantage of real-time PCR is that DNA
amplification can be continuously monitored during
each cycle by real-time detection of fluorescent PCR
products [6, 14, 15].

In this study, we aimed to analyze HSV detection
rates in atypical keratitis cases and evaluate these
particular cases in terms of clinical features and
antiviral treatment results.

Patients and methods

Institutional review board approval was obtained for
this study, which adhered to the tenets of the
Declaration of Helsinki.

Case records of 276 patients with presumed
microbial keratitis without typical herpetic keratitis
history and/or clinical features between December
2014 and January 2018 were analyzed retrospectively.
The exclusion criteria are listed in Table 1.

This study was conducted in a tertiary eye care
clinic, which is a reference center for microbial
keratitis in southern region of Turkey. At this institu-
tion, five laboratory examinations are performed
routinely for each patients who presented with micro-
bial keratitis: direct microscopic investigation, PCR
analysis for HSV DNA, bacteriological culture exam-
ination, fungal culture examination and PCR analysis
for Acanthamoeba. Patients diagnosed to have HSV
keratitis by PCR DNA sequencing from corneal
scraping were further analyzed.

Collected data included initial diagnosis, risk
factors, symptom duration, previous treatments, lesion
features, visual acuity, laboratory investigations, sur-
gical treatments and final examination results.

Table 1 List of excluding criteria

History of recurrent dendritic epithelial keratitis
History of recurrent stromal keratitis

Sectoral iris atrophy after granulomatous iritis
Reduced corneal sensation

History of previous systemic Acyclovir treatment for keratitis
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Cytological examination

Alcohol-fixed smear slides sampled from cornea of the
patients were stained with Papanicolaou (Pap). Slides
were evaluated by light microscopy in terms of
cellularity, presence/absence of intranuclear inclusion
and/or multinucleation. Additional findings such as
fungal hyphae and bacteria—if present—were noted.
(Fig. 1a, b).

PCR analysis

Corneal scraping samples from the patients were
transferred in PBS (1 ml) to Eppendorf tubes and sent
to the laboratory. The presence of HSV DNA in the
samples was investigated by real-time PCR. Viral
DNA was extracted using Viral Nucleic Acid Extrac-
tion Kit (Magnesia, Geneworks Anatolia, Istanbul,
Turkey) according to the manufacturer’s instructions
by Magnesia 16 auto-extraction instrument system
(Anatolia Geneworks, Turkey). Real-time PCR for
detection of HSV DNA was performed with HSV 1-2
Genotyping Kit (Bosphore, Anatolia Geneworks,
Istanbul, Turkey) by Montania 4896 instrument
(Anatolia Geneworks, Turkey). For each patient,
15 pl of PCR Master Mix was transferred to PCR
tube and then 10 pl of extract was added. The thermal
cycle used for amplification was an initial denatura-
tion at 95 °C for 14.30 min, followed by 50 cycle of
97 °C for 30 s, 60 °C for 90 s and a final step of 22 °C
for 5 min.

Fig. 1 a Smear slide revealing cornea epithelial cells (arrow-
head); some showing nuclear enlargement and intranuclear
inclusions  resulting in  flu  appearance  (arrows)

Treatment

Empirical treatment was conducted using wide-spec-
trum antibiotic (fortified vancomycin and amikacin) or
antifungal (voriconazole) topical regimens initially
and was changed according to the laboratory results.

All HSV-positive patients received topical ganci-
clovir 0.15% antiviral ophthalmic gel (5 times/day
until epithelization and then 3 times/day for 7 days).
Systemic acyclovir (p.o, 5 x 400 mg) was added to
the treatment protocol according to the severity of the
disease (limbus involvement, deep corneal layers
involvement, progressive corneal melting or anterior
chamber inflammation). Treatment regimens were
adjusted, tapered and discontinued according to the
course of disease. Kidney function tests were per-
formed regularly during the course of systemic
acyclovir treatment.

Results

Two hundred and seventy-six eyes of 276 patients
with microbial keratitis (not specific for herpes
infection) were included in the study. Real-time PCR
analyses were positive for HSV in 25 patients (9%). A
further analysis was performed for these HSV-positive
patients.

The mean patient age was 56 £ 24 years
(2-84 years) for 25 patients (15 male, 10 female).
All patients were referred from other clinics. The
mean symptom duration was 20 % 14 days
(2-60 days). Patient characteristics, laboratory and

(Papanicolaou, x 400). b Cornea epithelial cells showing
multinucleation (arrows) are present on smear slide (Papanico-
laou, x 400) (Case no. 22 in Table 2)
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light microscopy results, and the course of disease are
summarized in Table 2.

Three patients (12%) were using topical steroid
drops before the initial presentation. The initial
clinical diagnoses were fungal keratitis (4 eyes) and
bacterial keratitis (21 eyes).

Risk factors were ocular surgery (20%), blepharitis
(16%), trauma (8%) and contact lens wear (4%),
whereas the majority of patients did not have any
specific cause for keratitis (52%).

Clinical features were variable. Epithelial or stro-
mal ulcer infiltrations with well-defined margins were
common presentations; rarely, ring infiltrate and
satellite lesions were observed (in two patients).
Hypopyon was present in 4 patients (Fig. 2a—d).

In addition to HSV infection, other microorganisms
(bacteria and/or fungi) were detected in 6 patients (24%)
via culture or direct microscopic examination. Real-time
PCR analysis was negative for Acanthamoeba in all
corneal specimens. Visual prognosis was not predictable in
these mixed infected patients, while one patient with
bacteria and fungi had excellent outcome (patient number
8 in Table 2), other one patient went to evisceration
(patient number 6 in Table 2).

Cytological examination was also performed on
corneal smear samples. Typical cytomorphological
features of herpes infection with intranuclear inclu-
sions alone (2/25) and with multinucleated giant cells

Fig. 2 Slit lamp images of
two patients are presented as
initial and final examination.
Case 21, a ring-like
infiltration with feathery
margin and deep
vascularization is shown,

b healing with scar and
vascularization at the end of
treatment course. Case 19.
¢ Well-defined peripheral
ulcer and deep infiltration is
shown. d Complete
resolution after treatment
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(8/25), were demonstrated in 10 of 25 (40%) patients.
These findings supported the diagnosis of herpetic
keratitis in these patients.

Mean  healing time was 54 £ 38 days
(10-200 days). At the end of the follow-up, 18 patients
(72%) showed favorable responses to antiviral treat-
ment (topical and/or oral); their inflammation sub-
sided and ulcers healed. In 7 patients, the disease was
not controlled with medical treatment alone and
amniotic membrane transplantation (5 patients) or
tectonic keratoplasty (1 patient) was required. Unfor-
tunately, 1 patient experienced evisceration because of
uncontrolled cornea-scleral lysis and perforation.

Visual acuity values were in low levels at first visit
(majority of patients had hand motion vision). In
course of treatment, none of the vision values reduced.
At the final visit, visual acuity had increased two or
more line in 4 patients (16%).

Discussion

Herpes simplex keratitis is one of the challenges in
ophthalmology because of diagnostic and treatment
difficulties. Diagnosis is commonly based on clinical
features and repeated disease history. Atypical pre-
sentations have been observed in HSV keratitis, which
may mimic other infections [14—17]. For these cases,
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clinician suspicion has a critical role in prognosis.
Diagnosis can be difficult, especially in later stages of
the disease. When repeated culture or cytological
examinations are unable to detect any causative agent
or there is no response to empirical antimicrobial
treatments, HSV infection may be responsible for the
clinical picture.

Atypical herpes keratitis may be underestimated. In a
clinical study, the corneal explant buttons of patients with
clinically atypical and typical herpetic stromal keratitis
were evaluated for the presence of HSV DNA; the
frequencies of HSV DNA were comparable in the atypical
and typical groups (25% and 37%, respectively) [18].

In this study, HSV infection was detected in 9% of
microbial keratitis cases that did not have typical
features of herpetic keratitis. Because of geographical
and sociocultural factors (subtrophic climate and
agricultural works), bacterial or fungal keratitis was
the principal confusions in the initial phase.

Initial clinical features were variable, including
round- or feathery-margin ulcers with stromal infil-
tration and satellite or ring infiltrates. Patients had
been using various topical medications (antibiotics,
antifungals, steroids) before presentation. Mean symp-
tom duration (time to diagnosis) was 20 days that may
be explained with all patients referred form other
clinics and who treated with various diagnoses before
presentation. Delayed diagnosis may be cause of
permanent changes in corneal tissue and visual
disability. Super-infections and toxicity caused by
the prolonged use of ineffective medications may be
responsible for atypical clinical presentations. Visual
prognosis was poor in cases that presented late.
Unfortunately, corneal perforation developed in one
case.

Risk factor evaluation can be helpful for a definitive
diagnosis in the majority of microbial keratitis cases,
such as contact lens use, trauma with organic matter or
chronic blepharitis. However, patients with atypical
herpetic keratitis may not have such risk factors. In our
series, half of the patients did not have any specific risk
factor; therefore, we recommend considering herpes
infection in situations where there is no definitive risk
factor for keratitis.

Isolation or identification of HSV from corneal
specimens is necessary for the diagnosis of atypical
cases. Cytology is a quick and simple method to
determine cytological changes in HSV-infected cells,
such as multinucleated giant cells and intranuclear
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inclusions [19]. However, this method has lower
sensitivity (57%) and specificity [8]. Similarly, we
observed these cytological features in 40% of corneal
specimens. Cytological examination is cost-effective
when compared with molecular diagnostic tests, but
expert interpretation is important for reliable results.
On the other hand, molecular diagnosis by PCR is
generally accepted valuable and reliable laboratory
diagnostic test to confirm herpetic ocular diseases,
especially in atypical herpetic keratitis [3, 16, 18].

This study had some limitations because of its
retrospective design, as we did not have knowledge
regarding the status of corneal sensation, which may
be helpful for documentation. Further investigations
with a larger number of cases are needed to confirm the
results of this study.

In clinically atypical herpetic keratitis, virus may be
a primary trigger or a secondary contributor of disease.
Early antiherpetic treatments should be considered if
empirical treatment does not effectively control ker-
atitis. PCR analysis is a useful method for quickly
identifying HSV Kkeratitis, as it provides a timely
diagnosis for the accurate management of atypical
cases.
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