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Abstract

Purpose To examine the factors associated with anatomic
and visual outcomes in Japanese patients with acute retinal
necrosis (ARN).

Methods One hundred four patients with ARN who were
followed for more than 1 year at nine referral centers were
reviewed. Retinal involvement at initial presentation was
classified into four groups: zone 1 (posterior pole, n = 22),
zone 2 (midperiphery, n = 54), zone 3 (periphery, n = 25),
and unknown (n = 3). Forty-eight eyes underwent pro-
phylactic vitrectomy before development of retinal
detachment (vitrectomy group); 56 eyes were treated con-
ventionally without prophylactic vitrectomy (observation

group).
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Results The retina was attached in 28 of 48 eyes (58.3 %)
in the vitrectomy group and 42 of 56 eyes (75.0 %) in the
observation group at the final visit (P = 0.071). At 1 year,
56 eyes (53.8 %) had a best-corrected visual acuity
(BCVA) of 20/200 or worse. Multivariate logistic regres-
sion analyses identified zone 1 disease (odds ratio = 4.983)
and optic nerve involvement (odds ratio = 5.084) as sig-
nificantly associated with BCVA of 20/200 or worse.
Among the zone 3 eyes, significantly (P = 0.012) more
eyes in the observation group than in the vitrectomy group
had an attached retina.

Conclusions Prophylactic vitrectomy did not improve the
final BCVA in any eyes. Zone 3 eyes had better outcomes
without prophylactic vitrectomy.
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Introduction

In 1971, Urayama et al. [1] first reported acute retinal
necrosis (ARN), a devastating, potentially blinding, nec-
rotizing retinitis. ARN is diagnosed on the basis of the
clinical appearance and disease course as well as the
standard diagnostic criteria proposed by the American
Upveitis Society [2]. Because varicella zoster virus (VZV),
herpes simplex virus (HSV), and Epstein-Barr virus are
implicated in the pathogenesis of ARN [3-6], the standard
treatment for ARN is intravenous acyclovir 10 mg/kg
every 8 h or 1500 mg/m2 daily for 5-10 days, followed by
oral acyclovir 800 mg five times daily for 6 weeks [7].
Furthermore, systemic treatment with corticosteroids [8]
and/or an antiplatelet agent [9] is often given empirically.
Recently, prophylactic laser retinopexy [10] or prophy-
lactic vitrectomy [11-13] before development of a retinal
detachment has been reported to reduce the incidence of
retinal detachment, which is predictive of the visual out-
come in ARN [14, 15]. However, disappointing results
have also been reported after these treatments [16, 17].
Conducting a study of treatments for ARN is difficult
because the disease is rare. Indeed, ARN was diagnosed in
only 53 of 3830 patients (1.4 %) with endogenous uveitis
referred to university hospitals in Japan over a 1-year
period [18].

In this study, we retrospectively investigated 104
patients diagnosed with ARN in Japan to determine the
anatomic and visual outcomes as well as the indication for
prophylactic vitrectomy.

Patients and methods

This study was a retrospective observational case series of
104 consecutive patients who were negative for the human
immunodeficiency virus and who had been diagnosed as
having ARN at nine referral centers in Japan (Hokkaido
University, Kobe University, Kyorin University, Kyushu
University, Osaka University, the University of Tokyo,
Tokyo Medical University, Tokyo Medical and Dental
University, and Yokohama City University) between 2002
and 2008 with a minimal follow-up time of 1 year. In cases
of bilateral involvement, only the first involved eye was
included. A clinical diagnosis of ARN was based on the
standard diagnostic criteria proposed by the American
Uveitis Society [2]. The institutional review board of each
center approved the study protocol.

The patients’ medical records were reviewed for age,
sex, best-corrected visual acuity (BCVA) at the initial
presentation, retinal necrotic lesions, optic nerve involve-
ment (redness and/or edema), presence of prophylactic
vitrectomy, BCVA at 1 year, retinal status at the final visit,
and duration of follow-up. Eyes without silicone oil
removal were considered to have a retinal detachment.

The sites of retinal necrosis were classified into three
groups according to the classification of cytomegalovirus
(CMV) retinopathy of Holland et al. [19]. Zone 1 was
defined as the portion of the retina in which infection was
immediately sight-threatening and corresponded to the area
3000 um from the fovea or 1500 pum from the margins of
the optic nerve head; zone 2 extended anteriorly from zone
1 to the clinical equator; zone 3 extended anteriorly from
zone 2 to the ora serrata.

We compared the anatomic and functional outcomes of
the two groups of patients. The vitrectomy group included
patients who underwent prophylactic vitrectomy before the
development of a retinal detachment. The observation
group included patients who did not undergo prophylactic
vitrectomy.

The VA was converted to logarithm of the minimum
angle of resolution (logMAR) values for statistical analy-
sis. On the basis of a previous report [20], the following
logMAR values were assigned: counting fingers, 2.6 log-
MAR; hand motions, 2.9 logMAR; light perception, 3.1 log
MAR; no light perception, 3.4 logMAR. According to the
Standardization of Uveitis Nomenclature (SUN) criteria
[21], patients were classified as having severe visual loss at
a visual acuity of 20/200 or worse. Each variable with a
significant association (P < 0.05) was introduced into a
forward, stepwise, logistic regression model to identify the
baseline factors that were independent predictors of ARN.
The odds ratio (OR) and its 95 % confidence interval (CI)
for each possible risk factor were also calculated. When
appropriate, the Mann-Whitney and Fisher exact tests were
used to compare the differences between the groups.
Statistical analyses were performed using JMP version 8.0
for Windows (SAS Institute, Cary, NC, USA). Probability
values less than 0.05 were considered significant.

Results

A total of 106 patients with a diagnosis of ARN were
reviewed. Two patients did not meet the inclusion criteria
because they were positive for the human immunodefi-
ciency virus. One hundred four patients (61 men, 43
women) met the inclusion criteria. The median patient age
at disease onset was 55 years (51.2 = 15.5; range,
12-79 years). The causative virus was HSV in 18 eyes,
VZV in 84 eyes, and unknown in 2 eyes. According to the
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classification of CMYV retinopathy of Holland et al. [19],
the eyes were classified as having zone 1 disease (poster-
ior) in 22 cases, zone 2 disease (midperiphery) in 54 cases,
and zone 3 disease (periphery) in 25 cases; the zone
was unknown in 3 cases because of vitreous opacity.
Optic nerve involvement was detected in 79 eyes. The
median follow-up time was 45 months (46.4 + 23.1; range,
12~106 months).

Antiviral treatment (acyclovir or valacyclovir) was
administered in all cases. A corticosteroid was prescribed
for 95 eyes, and the initial doses of corticosteroid in
prednisolone equivalents ranged from 7.5 to 1250 mg
daily. Forty-eight eyes (46.2 %) underwent prophylactic
vitrectomy before a retinal detachment developed on
0-186 days (median, 11 days) after the initial visit (vit-
rectomy group). Fifty-six eyes (53.8 %) did not undergo a
prophylactic vitrectomy (observation group).

Development of retinal detachment in the observation
group

In the observation group, 39 of 56 eyes (69.6 %) developed a
retinal detachment during the follow-up period. The asso-
ciations of six explanatory variables with development of
RD (age, sex, causative virus, BCVA at presentation, site of
retinal necrosis, and optic nerve involvement) were indi-
vidually examined. Simple logistic regression analyses
identified male sex, severe visual loss at the initial presen-
tation, and optic nerve involvement as the factors associated
with development of RD. In addition, stepwise multivariate
logistic regression analyses identified optic nerve involve-
ment as the sole predictor of development of RD (P = 0.002;
OR, 9.481; C12.251-50.74). Of the 41 eyes with optic nerve
inflammation at presentation, 32 (78.1 %) developed RD. In
contrast, of the 11 eyes without optic nerve inflammation at
presentation, 3 (27.3 %) developed RD.

Final retinal attachment

Retinal attachment was achieved in 70 eyes. In the vit-
rectomy group, 28 of 48 eyes (58.3 %) achieved retinal
attachment. In the observation group, 42 of 56 eyes
(75.0 %) achieved retinal attachment. In the 39 eyes that
underwent reparative surgery in the observation group, 25
(64.1 %) achieved retinal attachment. Overall, 34 eyes did
not achieve retinal attachment; they comprised 22 eyes that
did not undergo silicone oil extraction and 12 eyes that
developed a tractional retinal detachment after silicone oil
removal. The associations of seven explanatory variables
with final RD (age, sex, causative virus, BCVA at pre-
sentation, site of retinal necrosis, optic nerve involvement,
and presence of prophylactic vitrectomy) were individually
examined (Table 1). Simple logistic regression analyses
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Table 1 Univariate logistic regression analysis of potential predictors
of final retinal detachment

Odds ratio 95 % CI P value
Age 1.042 1.012-1.076  0.006
Male 0.981 0.441-2.350  0.981
VZV infection 4.923 1.286-32.44  0.018
SVL at initial presentation ~ 3.507 1.486-8.491  0.004
Zone 1 disease 2.302 0.857-6.144  0.097
Optic nerve involvement 2.207 0.730-8.247  0.168
Prophylactic vitrectomy 2.143 0.938-5.012  0.071

CI confidence interval, SVL severe visual loss, VZV varicella zoster
virus

identified older age, VZV infection, and severe visual loss
at the initial presentation as the factors associated with final
RD. In addition, stepwise multivariate logistic regression
analyses identified severe visual loss (visual acuity of
20/200 or worse) at presentation as the sole predictor of
final RD (P = 0.004; OR, 3.507; CIL: 1.486-8.491).

Visual acuity at 1 year

The mean (SD) BCVA at initial presentation was
0.76 = 0.89 (range, —0.18 to 3.4) and at 1 year was
1.06 + 1.01 (range, —0.18 to 3.4). The mean (SD) log-
MAR BCVAs at the initial presentation were 0.92 + 0.99
in the vitrectomy group and 0.64 & 0.78 in the observation
group, which did not differ significantly (P = 0.172). The
mean BCVAs at 1 year were 1.23 £ 1.09 in the vitrectomy
group and 0.92 = 0.93 in the observation group, which
also did not differ significantly (P = 0.129). The BCVA in
23 patients gained more than three lines, remained
unchanged in 34 patients, and lost more than three lines in
47 patients. Those who lost more than three lines of vision
included 13 of the 22 patients with zone 1 disease
(59.1 %), 26 of the 54 patients with zone 2 disease
(48.1 %), 7 of the 25 patients with zone 3 disease (28.0 %),
and 3 patients in which the zone was unknown. The
associations of seven explanatory variables with severe
visual loss at 1 year (age, sex, causative virus, BCVA at
presentation, site of retinal necrosis, optic nerve involve-
ment, and presence of prophylactic vitrectomy) were
individually examined (Table 2). Simple multivariate
logistic regression analyses identified VZV infection,
severe visual loss at the initial presentation, zone 1 disease,
and optic nerve involvement as related to severe visual loss
at 1 year. In addition, stepwise multivariate logistic
regression analyses identified two baseline factors: zone 1
disease (P = 0.010; OR, 4.983; CI 1.440-23.35) and optic
nerve involvement (P = 0.005; OR, 5.084; CI 1.589-
19.93; Table 3). The BCVAs of eyes without retinal
attachment at the final visit are shown in Table 4.
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Table 2 Univariate logistic regression analysis of potential predic-
tors of severe visual loss at 1 year

Odds ratio 95 % CI P value
Age 1.012 0.987-1.038  0.354
Male 1.451 0.664-3.192  0.351
VZV infection 3.900 1.339-13.09  0.012
SVL at initial presentation  1.662 1.057-2.768  0.027
Zone 1 disease 7.741 2.400-34.82  0.0003
Optic nerve involvement 5.265 1.870-17.35  0.001
Prophylactic vitrectomy 1.400 0.645-3.068  0.395

CI confidence interval, SVL severe visual loss, VZV varicella zoster
virus

Table 3 Multivariate logistic regression analysis of potential
predictors of severe visual loss at 1 year

Qdds ratio 95 % CI P value
Zone 1 disease 4,983 1.440-23.35 0.010
Optic nerve involvement 5.084 1.589-19.93 0.005

CI confidence interval

Table 4 Best-corrected visual acuity at 1 year in eyes that did not
achieve retinal attachment

Eyes with tractional retinal detachment after silicone oil removal
(n=12)
Better than 20/200
20/2000 to 20/200

Hand motions

— e 00 N

Light perception
Eyes without silicone oil removal (n = 22)
Better than 20/200
20/2000 to 20/200
Counting fingers
Hand motions
Light perception

W W W W D e

No light perception

Prophylactic vitrectomy and extent of retinal necrosis

The efficacy of prophylactic vitrectomy was also evaluated
on the basis of the extent of the retinal necrosis at the initial
presentation. The anatomic and visual outcomes are shown
in Table 5. Seven of 25 eyes with zone 3 ARN underwent
prophylactic vitrectomy before a retinal detachment
developed, and three of the seven eyes achieved retinal
attachment. Nine of the 18 eyes in the observation group
developed a retinal detachment, and 8 of the 9 eyes
achieved retinal attachment following surgery. Overall, 3
of 7 eyes (42.9 %) in the vitrectomy group and 17 of 18
eyes (94.4 %) in the observation group achieved retinal

attachment (P = 0.012). Zone 3 eyes had better anatomic
outcomes without prophylactic vitrectomy. The anatomic
and visual outcomes of zones 1 and 2 eyes did not differ
significantly between the vitrectomy and observation
groups.

Discussion

This is the first report on anatomic and visual outcomes of
ARN in multiple uveitis centers in Japan. The visual
prognosis of patients with ARN is generally poor and in
Japanese patients is reported to be correlated with the
presence of retinal detachment and VZV infection [14].
Simple logistic regression analyses showed that severe
visual loss at 1 year in our patients was also correlated with
VZV infection, severe visual loss at the initial presentation,
zone 1 disease, and optic nerve involvement. Prophylactic
vitrectomy was not correlated with the visual prognosis.
These results suggest that irreversible damage to the retina
and optic nerve before antiviral treatment strongly affects
the visual prognosis.

In particular, the anatomic success rate of zone 3 eyes
was better without prophylactic vitrectomy than with pro-
phylactic vitrectomy. Three of 7 eyes (42.9 %) with zone 3
ARN in the vitrectomy group and 17 of 18 eyes (94.4 %) in
the observation group achieved final retinal attachment
(P = 0.012). Ishida et al. [22] also reported that all three
eyes with zone 3 disease received only antiviral medical
therapy and did not develop a rhegmatogenous retinal
detachment. In eyes with zone 3 disease, the area of retinal
necrosis was small, and intravenous antiviral treatment
seemed sufficient to control the infection.

In the natural course of ARN, rhegmatogenous retinal
detachment was observed in approximately 75 % of the
untreated eyes [10]. RD also developed in about 70 % of
the observation group eyes of our study. We found that
eyes with optic nerve redness or edema had a risk of RD. In
eyes with optic nerve redness or edema, the retinal necrosis
extended posteriorly from the peripheral retina, suggesting
longer duration of the necrosis after the onset of symptoms
than in eyes without optic nerve redness and that this
severe damage to the retina is related to the risk of RD
development.

Previous studies have reported that prophylactic vitrec-
tomy prevented retinal detachment [13, 22]; however, at the
same time, prophylactic vitrectomy did not improve the
mean final VA [13]. The eyes in these reports were treated
from 1998 to 2006 [22] and from 1987 to 2008 [13]. Recent
advances in retinal surgeries, i.e., vitrectomy using a
high-speed vitreous cutter with intravitreal injection of tri-
amcinolone acetonide to visualize the vitreous gel and
locate vitreoretinal adhesions [23], are expected to reduce

@ Springer



102

C. Iwahashi-Shima et al.

Table 5 Anatomic status and logMAR BCVA at 1 year based on the extent of retinal necrosis at the initial presentation

Zone RA RD

Total

Vitrectomy group (n = 48)

1 1.66 £1.02 (n=4) 255+£083(n=4) 2.11 £ 098 (n = 8)

2 0.58 £ 0.56 (n = 21) 2.03 £ 096 (n = 11) 1.08 £ 0.72 (n = 32)

3 0.10 &= 0.09 (n = 3) 176 £ 131 (n=4) 105£128(m="7)
Zone RA without RD development RA after RD repair surgery RD Total

Observation group (n = 56)

1 0.56 £ 051 (n=4) 1.13 £ 026 (n =4)
2 —001 £0.11 (n=4) 1.10 £ 0.89 (n = 13)
3 011 +£023(n=9) 054 £ 042 (n = 8)

2.03 £ 1.05 (n = 6)
152 £074 (n =5)
1.00(n=1)

1.36 + 0.96 (n = 14)
1.00 £ 0.91 (n = 22)
0.35 & 0.46 (n = 18)

The zones of one eye in the vitrectomy group and of two eyes in the observation group were unknown because of vitreous opacity

BCVA best-corrected visual acuity, RA retinal attachment, RD retinal detachment

postoperative inflammation and achieve favorable anatomic
success. Therefore, we limited our search to Japanese
patients diagnosed as having ARN after 2002 and retro-
spectively evaluated their anatomic and visual outcomes.
However, our results were similar to those of previous
reports: prophylactic vitrectomy did not improve the visual
prognosis in any eyes.

In the current study, we investigated the functional
outcomes using the prediagnostic conditions and thera-
peutic approaches as variables. As a result, zone 1 disease
and optic nerve involvement were associated with severe
visual loss at 1 year. We predicted the visual prognosis of
our patients from these factors but, unfortunately, could not
improve the visual prognosis because we could not change
those factors. The damage at the initial presentation might
have mostly affected the outcome.

As with previous studies on ARN, the present study is
limited by its relatively small sample size. The starting dose of
steroid treatment, history of laser photocoagulation, timing of
the prophylactic vitrectomy, and surgical procedures differed
among the referral centers. The retrospective data collection
may also have influenced the consistency of the available data.
Nevertheless, we collected the clinical data of 114 cases from
major referral centers in Japan, and our data described the
characteristics of this rare disease in Japanese patients.

In conclusion, the anatomic and functional success in the
treatment of ARN was determined primarily by the condition
of the retina and optic nerve at the initial presentation.
Regarding the indication for prophylactic vitrectomy, this
therapy should not be administered for zone 3 ARN. Further
studies with a larger number of patients with longer follow-
up are needed to determine the treatment of ARN.
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Abstract

Purpose To investigate etiologic data on intraocular
inflammation in Japan collected in the 2009 epidemiologic
survey of uveitis in Japan and assess the current state of
etiology compared with that reported in a previous survey.
Methods Thirty-six university hospitals participated in
this prospective etiologic study. Patients who visited the
outpatient uveitis clinic of each hospital for the first time
between 1 June 2009 and 31 May 2010 were enrolled in the
study. Uveitic diseases were diagnosed according to the
guidelines when available or following commonly accep-
ted diagnostic criteria.

Results A total of 3,830 patients were enrolled in the sur-
vey and 2,556 cases of uveitis were identified, of which 1,274

N. Ohguro - K.-H. Sonoda - M. Takeuchi - M. Matsumura -
M. Mochizuki
Japanese Ocular Inflammation Society, Tokyo, Japan

N. Ohguro (<)

Department of Ophthalmology, Osaka Koseinennkinn Hospital,
4-2-78 Fukushima, Fukushima-ku, Osaka 553-0003, Japan
e-mail: nohguro@okn.gr.jp

K.-H. Sonoda
Department of Ophthalmology, Yamaguchi University Graduate
School of Medicine, Yamaguchi, Japan

M. Takeuchi
Department of Ophthalmology, National Defense Medical
College, Saitama, Japan

M. Matsumura
Nagata Eye Clinic, Nara, Japan

M. Mochizuki

Department of Ophthalmology and Visual Science,
Graduate School of Medical and Dental Sciences,
Tokyo Medical and Dental University, Tokyo, Japan

@ Springer

cases were described as unclassified intraocular inflamma-
tion. In the identified cases, the most frequent intraocular
inflammatory disease was sarcoidosis (10.6 %), followed by
Vogt—Koyanagi-Harada disease (7.0 %), acute anterior
uveitis (6.5 %), scleritis (6.1 %), herpetic iridocyclitis
(4.2 %), Behcget’s disease (3.9 %), bacterial endophthalmitis
(2.5 %), masquerade syndrome (2.5 %), Posner—Schlossman
syndrome (1.8 %), and retinal vasculitis (1.6 %).
Conclusions The current etiology of uveitis in Japan was
elucidated by means of a multi-center prospective survey.
Conducting such surveys on a periodic basis may help
clinicians in their management of uveitis.

Keywords Epidemiology - Survey - Intraocular
inflammation - Uveitis

Introduction

Genetic, geographic, social, and environmental factors
affect the distribution of the types and etiology of uveitis.
A significant correlation had been reported between acute
anterior uveitis (AAU) and human leukocytic antigen
(HLA)-B27 [1], birdshot retinochoroidopathy and HLA-
A29 [2], and Vogt—Koyanagi—Harada disease (VKH) and
HLA-DR4 [3]. Human T cell lymphotropic virus type-1
(HTLV-1)-associated uveitis is localized to southern Japan
[4], and Behget’s disease is seen frequently in Asia and the
Mediterranean basin [5]. However, the incidence of
Behcet’s disease in Japan has decreased in recent decades
[6, 7], suggesting that the onset of this disease might be
correlated with social and environmental factors. There-
fore, studies of the distribution of the various types of
uveitis and their etiology are important for establishing an
appropriate diagnosis and management.
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In 2002, the Japanese Ocular Inflammation Society
(JOIS) conducted a multi-center retrospective survey to
delineate the status of intraocular inflammation in univer-
sity hospitals nationwide [8]. The survey found that sar-
coidosis was the most frequent intraocular inflammatory
disease identified, followed by VKH and Behcet’s disease.
However, since social and environmental factors can
change over time, it is important to conduct this kind of
research periodically. Consequently, a working group of
the JOIS conducted a multi-center prospective survey to
accumulate etiologic data on uveitis in Japan and assess the
changes over time.

Materials and methods

Thirty-six university hospitals participated in this pro-
spective etiologic study. The Institutional Review Board of
each center approved the study protocol.

Patients who presented for the first time at the outpatient
uveitis clinic of each hospital between 1 June 2009, and 31
May 2010 were enrolled. Once the cause of the uveitis was
diagnosed in each patient, we recorded the disease. When
possible, the diagnosis of the uveitic disease was based on
the guidelines; when this was not possible, common diag-
nostic criteria reported in the literature were used [9-13].

Several changes in the classification criteria had been
made between the 2002 [8] and 2009 survey. First, scleritis
was not included in the previous survey, but was included in
the 2009 survey. Second, the previous survey differentiated
ankylosing spondylitis and HLLA-B27 from other types of
AAU and recorded them as either ankylosing spondylitis-
associated uveitis or uveitis associated with HLA-B27. The
2002 survey recorded AAU from unknown etiologies as
unclassified intraocular inflammation. In the 2009 survey,
since our aim was to determine the precise relationship
between HLA-B27 and AAU, we classified AAU as HLA-
B27-positive, HLA-B27-negative, and unknown HLA.
Third, we classified viral infectious diseases into groups
based on the findings of viruses detected by PCR assays, the
absence of viruses based on PCR assays, and clinical
diagnosis only (without PCR assay). Fourth, we added a
masquerade syndrome to the 2009 survey.

All data were collected at the end of December 2010.
Patients with undiagnosed uveitis at that time were clas-
sified as having unclassified intraocular inflammation.

Results

A total of 3,830 patients were enrolled in the study, among
whom 2,556 cases of uveitis were identified with a specific
etiology and 1,274 cases were recorded with unclassified

intraocular inflammation. Among the identified cases, 75.4
% were non-infectious diseases and 24.6 % were infectious
diseases.

Table 1 shows the distribution of specific intraocular
inflammatory diseases in this survey. The most frequent
intraocular inflammatory disease in our Japanese patient
population was sarcoidosis, followed by VKH. The third
most frequent disease in the 2009 survey was AAU, of

Table 1 Diagnostic distribution in 2009 for new patients with
intraocular inflammatory diseases

Disease No. of patients
(%)
Sarcoidosis 407 (10.6)
Vogt-Koyanagi-Harada disease 267 (7.0)
Acute anterior uveitis 250 (6.5)
Scleritis 235 (6.1)
Herpetic iritis 159 (4.2)
Behcet’s disease 149 (3.9)
Bacterial endophthalmitis 95 (2.5)
Masquerade syndrome 95 (2.5)
Posner-Schlossman syndrome 69 (1.8)
Retinal vasculitis 61 (1.6)
Diabetic iritis 54 (1.4)
Ocular tuberculosis 54 (1.4)
Acute retinal necrosis 53 (1.4)
Ocular toxoplasmosis 48 (1.3)
Multiple evanescent white dot syndrome 40 (1.0)
Fungal endophthalmitis 39 (1.0)
Cytomegalovirus retinitis 37 (1.0)
Rheumatoid arthritis-associated uveitis 29 (0.8)
Human T cell lymphotropic virus type-1-associated 29 (0.8)
uveitis
Inflammatory bowel disease-associated uveitis 28 (0.7)
Multifocal posterior pigment epitheliopathy 28 (0.7)
Uveitis associated with other systemic diseases 27 (0.7)
Peripheral uveitis 26 (0.7)
Multifocal choroiditis 23 (0.6)
Fuchs’ heterochromic iridocyclitis 21 (0.5)
Acute posterior multifocal placoid pigment 16 (0.4)
epitheliopathy
Tubulointerstitial nephritis and uveitis syndrome- 15 (0.4)
associated uveitis
Syphilis-associated uveitis 15 (0.4)
Lens-induced uveitis 13 (0.3)
Punctate inner choroidopathy 13 (0.3)
Juvenile idiopathic arthritis-associated uveitis 11 (0.3)
Geographic chorioretinopathy 11 (0.3)
Sympathetic ophthalmia 10 (0.3)
Ocular toxocariasis 9 (0.2)
Others 112 (2.9)
Unclassified intraocular inflammation 1,282 (33.5)
@ Springer
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Table 2 Cause of scleritis

Cause No. of patients (% of

total scleritis cases)

Rheumatic disease 59 (25.1)
Rheumatoid arthritis 22 (9.4)
Wegener’s granulomatosis 10 4.2)
Others 27 (11.5)

Viral infection 11 4.7)

Tuberculosis 4 (1.7

Others 23 (9.8)

Unclassified 138 (58.7)

Table 3 Methods for diagnosing herpetic iritis

Method No. of patients (%)
Clinical diagnosis only 85 (53.5)
Herpes simplex virus detection 31 (19.5)
Varicella zoster virus detection 23 (14.5)
Cytomegalovirus detection 20 (12.6)

Table 4 Causes of viral retinitis

Cause No. of patients (%)
Acute retinal necrosis 53 (58.9)
Herpes simplex virus 12
Varicella zoster virus 39
Cytomegalovirus 1
Other 1
Cytomegalovirus retinitis 37 (41.1)

Table 5 Background of masquerade syndrome

Background No. of patients
(%)
Primary intraocular malignant lymphoma 48 (50.5)
Primary central nervous system malignant 12 (12.6)
lymphoma

Systemic malignant lymphoma 14 (14.7)
Primary intraocular tumor 15 (15.8)
Metastatic tumor 6 (6.3)

which 71 patients were HLA-B27 positive, 74 patients
were HLA-B27-negative, and the remaining 105 patients
had an unknown HLA type.

Table 2 summarizes the causes of scleritis, the fourth
most frequent disease in the 2009 survey. Many cases were
associated with rheumatoid arthritis; however, some cases
were identified as infectious. In herpetic iridocyclitis,
the PCR assays detected similar numbers of cases of
herpes simplex virus, varicella-zoster virus (VZV), and

@ Springer

cytomegalovirus (Table 3). VZV was the most frequent
disease entity detected by PCR assays in acute retinal
necrosis (Table 4), while about 50 % of the disease entity
in masquerade syndrome was primary intraocular lym-
phoma (Table 5).

When the disease frequencies were analyzed by geo-
graphic area, the frequency of uveitis associated with
HTLV-1 in the Kyushu area (3.1 %; average of five uni-
versity hospitals) was significantly greater than the national
average (0.8 %; P < 0.05, chi-square test). The other dis-
eases did not differ significantly among the geographic
areas.

Discussion

This was the first multi-center prospective nationwide eti-
ological survey of uveitis in Japan. Using the data from this
survey, we have elucidated the current etiology of uveitis
in Japanese university hospitals and found that sarcoidosis,
VKH, AAU, and scleritis occur at a high frequency, fol-
lowed by a relatively large number of cases of Behcet’s
disease and masquerade syndrome.

The 2009 survey differs somewhat from the retrospec-
tive survey of intraocular inflammation conducted at 41
university hospitals in 2002 [8]. Different institutions par-
ticipated in the two surveys, although there was an overlap
of many institutions. In addition, the disease classifications
differed between the two surveys. For example, in the 2009
survey, we included scleritis, which was not included in the
2002 survey. Scleritis comprised 6.1 % of all cases in the
2009 survey; one-fourth of these cases were associated
with rheumatoid arthritis, while half had an unknown eti-
ology. The masquerade syndrome had also been excluded
from the 2002 survey, and only intraocular lymphoma was
included. In the 2009 study, the masquerade syndrome
comprised 2.5 % of all cases; about one-half of these
(1.3 %) were cases of intraocular lymphoma. Intraocular
lymphoma comprised 1.0 % of the diseases surveyed dur-
ing 2002, indicating that the incidence of this disease
remained virtually unchanged. Lymphoma is usually
associated with a poor prognosis, and care should be taken
not to misdiagnose patients with this disease entity. In the
2002 survey, of all the AAU cases, only HLA-B27-asso-
ciated uveitis was included and the other types were clas-
sified in the unclassified category. HL.A-B27-associated
uveitis accounted for 1.5 % of the cases in the 2002 survey
and 1.9 % in the 2009 survey; therefore, the incidence of
HLA-B27-associated uveitis would appear to be largely
unchanged.

The number of patients with Behcet’s disease in Japan
has been reported to decrease [6, 7], and the incidence in
the 2009 study was 3.9 %. Compared to the previous
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survey [8], the incidence of patients with newly diagnosed
Behget’s disease in Japan has decreased from 6.2 to 3.9 %,
although the two surveys cannot really be compared
because of the different participating institutions. The
decrease in the number of patients with Behget’s disease in
Japan over nearly a decade suggests that the disease might
be correlated with exogenous factors, such as climate,
public health, and-dietary habits, rather than endogenous
factors, such as age, sex, ethnicity, and immunogenetic
background.

Geographically, HTLV-1-associated uveitis was still
more frequently diagnosed in the Kyushu area, a result
similar to that of the 2002 survey. However, there was no
marked variation in the geographical distribution of the
other types of uveitis. This indicates that ophthalmologists
can consider the results of this survey to be valid on a
nationwide basis.

The limitation of the 2009 survey is that only university
hospitals participated. It should be kept in mind that Sakai
and associates report that diabetic iritis and herpetic iritis
are seen significantly more frequently in general eye clin-
ics, whereas VKH and Behcet’s disease are seen signifi-
cantly more often in university hospitals [14]. In addition,
the 2009 survey did not consider age and sex. These factors
should be considered in any future survey.

Investigations of epidemiologic changes over time
require comparisons of periodically acquired etiologic data
from the same diagnostic categories and from the same
institutions. In addition, to standardize the diagnosis in all
participating institutions in the survey, easily understand-
able diagnostic guidelines for intraocular inflammation are
needed. Moreover, a national epidemiologic survey should
include not only university hospitals but also clinics. In the
next survey, these factors need to be considered in order to
establish a well-designed format for a periodic epidemiol-
ogic national survey.
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Virological Analysis in Patients with Human Herpes Virus
6-Associated Ocular Inflammatory Disorders

Sunao Sugita,"> Norio Shimizu,® Ken Watanabe,> Manabu Ogawa,? Kazuichi Maruyama,*

Norio Usui,® and Manabu Mochizuki?

Purrose. To determine whether human herpes virus 6 (HHV-6)
genomic DNA and mRNA can be detected in ocular samples from
patients with inflammatory disorders, and whether viral replica-
tion is involved in the development of inflammation in the eye.

MerHODS. After informed consent was obtained, ocular fluid
samples (aqueous humor and vitreous fluids) were collected
from 350 patients with uveitis or endophthalmitis. Corneal
samples were also collected from 65 patients with corneal
infections. Multiplex PCR was performed to screen ocular
samples from the patients for HHV-1 to HHV-8. Samples were
also assayed for HHV-6 DNA using quantitative real-time PCR.
Primers for nested RT-PCR were designed to detect amplifica-
tion of mRNA (HHV-6 A IE1 U90).

Resurts. PCR results indicated a total of seven patients with
uveitis or endophthalmitis (7/350, 2% ) and a single patient
with corneal inflammatory disease were positive for HHV-6
DNA (1/65, 1.5% +). These eight patients had high copy
numbers of HHV-6 DNA, with values ranging from 4.0 X 103 to
5.1 X 10° copies/mL. Real-time PCR analysis indicated that two
of these cases were HHV-6 variant A and six cases were variant
B. In addition, HHV-6 mRNA was clearly detected in vitreous
cells collected from one of the patients, suggesting that viral
replication may occur in the eye.

Concrusions. Our results indicate that HHV-6 infection/
reactivation is implicated in ocular inflammatory diseases.
(www.umin.ac.jp/ctr/index/htm number, R000002708.) (In-
vest Ophthalmol Vis Sci. 2012;53:4692-4698) DOI:10.1167/
iovs.12-10095

IIuman herpesvirus 6 (HHV-6) is the causative agent of
exanthema subitum in children and has been associated
with a number of inflammatory and neurological disorders
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worldwide. It has been implicated in hepatitis, pneumonitis,
and severe infections of the central nervous system in both
immunosuppressed and immunocompetent patients. HHV-6
can reactivate from its latent form after primary infection. In
the case of eye diseases, it has been implicated in AIDS-
associated retinitis,!"> uveitis,*® corneal inflammation,® and
optic neuropathy.1°-1?2 Two variants of HHV-6 have been
identified. HHV-6A is less often associated with disease and has
a greater predilection for neural cells than HHV-6B.13 Although
HHV-6A DNA is frequently found in the nervous system of
infected adults, HHV-6B DNA is rarely present in ocular fluids,
although it is found in most documented primary HHV-6
infections.

Diagnosis of clinically relevant HHV-6 can be challenging
due to the high prevalence of infection and viral persistence.
Detection of viral nucleic acids may indicate active or latent
infections, depending on the clinical setting and specimens
tested. Quantitative PCR methods have been established to
detect active infections. Detection of HHV-6 DNA in plasma or
serum is indicative of active replication and is therefore more
directly interpretable.’®15 Using these PCR techniques, several
investigators previously reported that HHV-6 genomic DNA is
found in ocular inflammatory diseases, including infectious
uveitis and endophthalmitis'-8; however, involvement of HHV-
6 in ocular infections has not yet been clearly demonstrated.

Therefore, we designed experiments to investigate whether
ocular samples from patients with various ocular inflammatory
disorders contain HHV-6 genomic DNA, whether ocular
samples from noninflammatory patients also contain HHV-6
DNA, whether positive cases are either HHV-6 variant A or B,
and whether HHV-6 mRNA as well as a high copy numbers of
HHV-6 DNA can be detected in positive samples.

MATERIALS AND METHODS

Subjects

The first patient group was examined between 2006 and 2010 at the
Tokyo Medical and Dental University Hospital, Kyoto Prefectural
University Hospital, and Shinkawabashi Hospital in Japan. After
informed consent was obtained, ocular fluid samples were collected
from patients with uveitis (infectious and noninfectious) or endoph-
thalmitis. This group included consecutive patients with uveitis or
endophthalmitis (#z = 350), including a previously HHV-6-positive
severe panuveitis case.” Corneal tissues were also collected from
patients with ocular surface diseases (e.g., keratitis, # = 65). At this
time, we excluded ocular tumor diseases (e.g., intraocular lymphoma)
from the patient group.

In addition to the patient group, we also analyzed samples from a
control group. A total of 100 samples (50 aqueous humor and 50
vitreous fluids) were collected from patients who did not have any type
of ocular inflammation (age-related cataract, macular edema, retinal

Investigative Ophthalmology & Visual Science, July 2012, Vol. 53, No. 8
Copyright 2012 The Association for Research in Vision and Ophthalmology, Inc.
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TaBLe 2. Virological Analysis and Treatment in Patients with HHV-6-Associated Ocular Inflammatory Disorders

Ocular HHV HHV-6A

Case Sample Genome Viral Copy No. by Real-Time PCR or B Treatment

1 Agh HHV-6 HHV-6: 2.4 X 106 copies/mL HHV-6A PSL, PPV, VCV, VGV
VF HHV-6, EBV HHV-6: 2.0 X 10%copies/mL, EBV: <50 copies/mL

2 Agh HHV-6, HSV-1 HHV-6: 7.5 X 103copies/mL, HSV-1: 2.8 X 105 copies/mL HHV-6B VGV

3 VE HHV-6 HHV-6: 5.1 X 106 copies/mL HHV-6B PPV, SA, TAI

4 VF HHV-6 HHV-6: 1.1 X 104 copies/mL HHV-6B PPV, VGV

5 VF HHV-6 HHV-6: 1.1 X 10° copies/mL HHV-6B PPV, SA, Betametasone

6 VF HHV-6, CMV HHV-6: 4.4 X 10% copies/mL, CMV: 1.6 X 10°¢ copies/mL HHV-6A VGV

7 Aqh HHV-6 HHV-6: 4.0 X 103 copies/mL HHV-6B None

8 Cornea HHV-6 HHV-6: 3.9 X 10° copies/pg - DNA HHV-GB Antibiotics

Agh, aqueous humor; IAl, intravitreal antibiotic injection; PPV, pars plana vitrectomy; PSL, prednisolone; SA, systemic antibitotics; VCV,

valacyclovir; VE vitreous fluids; VGV, valganciclovir.

ac.jp/ctr/index/htm with study number of R000002708. The study
started in April 2006 and terminated in April 2010.

PCR

DNA was extracted from samples using an E21 virus minikit (Qiagen,
Valencia, CA) installed on a robotic workstation for automated
purification of nucleic acids (BioRobot E21, Qiagen). HHV genomic
DNA in ocular samples was detected using two independent PCR
assays: a qualitative multiplex PCR and a quantitative real-time PCR.!¢

The multiplex PCR was designed to qualitatively measure genomic
DNA of eight human herpes viruses as follows: herpes simplex virus
type 1 (HSV-1), type 2 (HSV-2), Varicella-zoster virus (VZV), Epstein-Barr
virus (EBV), cytomegalovirus (CMV), and human herpes virus 6 (HHV-
6), 7 (HHV-7), and 8 (HHV-8). PCR was performed using a LightCycler
(Roche, Rotkrevz, Switzerland). Primers for HHV-6 were as follows:
Forward - ACCCGAGAGATGATTTTGCG and Reverse - GCAGAAGA-
CAGCAGCGAGAT. Probes were used as follows: 3’FITC-TAAG-
TAACCGTTTTCGTCCCA and LcRed705-5"-GGGTCATTTATGTTATAGA.
These primers and probes do not distinguish between HHV-6A and B.
PCR conditions, primers, and probes specific for other HHV have been
described previously.17

Real-time PCR was performed for detection of HHV only, following
identification of genomic DNA by multiplex PCR. Real-time PCR was
performed using Amplitaq Gold and the Real-Time PCR 7300 system
(ABI, Foster City, CA). The sequence of the HHV-6 primers and probes
are as follows: Forward - GACAATCACATGCCTGGATAATG and
Reverse - TGTAAGCGTGTGGTAATGTACTAA. The probe was AG-
CAGCTGGCGAAAAGTGCTGTGC. The primers and probes of other
herpes viruses and the PCR conditions have been described
previously.1%17 These primers and probes do not distinguish between
HHV-6A and B. TagMan probes and primers used in the HHV-6 DNA
amplifications, HHV-6 type A and HHV-G type B, are shown in Figure
1A. The value of viral copy number in the sample was considered to be
significant when more than 50 copies/mL were observed.

RT-PCR

The primers for nested RT-PCR were designed to detect mRNA (HHV-6
A IE1 U90 immediate early) as follows: first PCR Forward -
GATGAACGTATGCAAGACTACC and ATGAACATGGATTGTTGCTG
and Reverse - CAGCGGACTGAGCAGCTA; nested PCR Forward -
CCGATCCAATGATGGAAGAA and Reverse - CAGCGGACTGAGCAGC-
TA (Fig. 1B). A one-step RT-PCR was performed on 100 ng of total RNA
with 0.5 uM of each primer and SuperScript Il One-Step RT-PCR with
platinum Taq (Life Technologies Co., Tokyo, Japan) in a final volume of
50 uL. Samples were reverse transcribed for 30 minutes at 54°C and
amplified for 40 cycles consisting of denaturation for 15 seconds at
94°C, annealing for 30 seconds at 54°C, and polymerization for 20
seconds at 72°C. Following identification of a PCR product of 340 bp,
nested PCR was performed on 1 pL of the first PCR solution using 0.5

UM of each primer and 200 mM deoxynucleotide triphosphates and
1.25 U of Tag DNA polymerase (Thermo Fisher Scientific, Tokyo,
Japan). Monoclonal antibody (antitaq high: Toyobo Life Science,
Tokyo, Japan) was used at 0.25 pg in a buffer containing 75 mM Tris-
HCI (pH =8.8), 0.01% Tween-20, 20 mM (NH),S0y, and 1.5 mM MgCl,
in a final volume of 50 pL. Twenty cycles of amplification consisting of
denaturation for 15 seconds at 94°C, annealing for 30 seconds at 55°C,
and polymerization for 15 seconds at 72°C were performed to give a
positive PCR product of 198 bp.

All ocular samples were tested for the presence of B-actin as an
internal control. B-Actin mRNA RT-PCR was performed on 100 ng of
total RNA with 0.5 uM each primer and SuperScript IIl One-Step RT-
PCR with platinum Taq in a final volume of 50 pL (Forward-
CTTCCTTCCTGGGCAT and Reverse-TCTTCATTGTGCTGGGT). Sam-
ples were reverse transcribed for 30 minutes at 55°C followed by 40
cycles of denaturation for 30 seconds at 94°C, annealing for 30 seconds
at 60°C, and polymerization for 1 minute at 72°C on a thermal cycler
TP-400 instrument (Takara Bio Inc., Tokyo, Japan). Raji cell lines were
used as a positive control, and MOLT4 cells were used as a negative
control. PCR products were analyzed using 2% agarose gel electropho-
resis and ethidium bromide staining and the positive product was 215
bp.

REesurts

Detection of HHV-6 Genomic DNA in Patients with
Uveitis, Endophthalmitis, and Ocular Surface
Diseases

We first performed multiplex PCR to screen for 8 HHVs after
collecting intraocular samples from patients with various
ocular inflammatory diseases. PCR results indicated that 7
(2%) of 350 patients with uveitis or endophthalmitis were
positive for HHV-6 DNA. In addition, 1 (1.5%) of 65 patients
tested positive for HHV-6 in a corneal tissue sample. These
HHV-6-positive cases together with clinical findings are
summarized in Tables 1 and 2. These eight HHV-6-positive
patients were clinically suspected to have HHV-6-associated
infectious diseases based on the detection of HHV-6 genome in
ocular fluid or corneal tissue samples. HHV-6 DNA was not
detected in any of the 100 control samples that were collected
from patients without ocular inflammation.

The clinical features observed in HHV-6-positive cases at
their initial presentation are summarized in Table 1. Almost all
of the patients with uveitis and endophthalmitis had active
ocular inflammation, that is, there were anterior chamber cells
(except case 6), keratic precipitates (except cases 4 and 6),
vitreous opacity (except cases 2 and 7), and fresh retinal
exudates/necrosis (except cases 2, 4, and 7). In the single
patient with HHV-6™ Kkeratitis (case 8 in Table 1), corneal
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Ficure 2. Slitlamp and fundus photographs for HHV-6 infections. (A)
Case 1: A case of ocular toxocariasis. Slitlamp examination of right eye
(RE) disclosed ciliary injection, moderate mutton-fat keratic precipi-
tates (KPs), and severe anterior chamber cells with hypopyon (arrow).
Funduscopic examination of the RE revealed dense vitreous opacities
and yellowish white massive retinal lesions (arrow) in the peripheral
fundus. HHV-6 DNA was detected in both aqueous humor and vitreous
samples. (B) Case 2: A case of HSV-1-associated corneal endotheliitis.
Slit-lamp examination of left eye (LE) disclosed pigmented mutton-fat-
like KPs with high intraocular pressure, mild anterior chamber cells,
and small-size corneal stromal edema (arrow). HSV-1 and HHV-6 DNA
were detected in aqueous humor, but other HHV-DNA, such as VZV
and CMV, was not detected. (C) Case 4: A case of late postoperative
endophthalmitis. This patient with Vogt-Koyanagi-Harada disease had
postcataract surgery 6 months earlier. Slitlamp examination of RE
disclosed ciliary injection and mild anterior chamber cells. White
plaque (arrow) on the intraocular lens and mild inflammation were
seen, and an aqueous humor sample was obtained. HHV-6 DNA and
Propionibacterium acnes DNA were detected in the aqueous humor
sample. The final diagnosis was P acnes-associated late postoperative
endophthalmitis. (D) Case 8: A case of bacterial keratitis. Slit-lamp
examination of RE disclosed keratitis (arrow) with ciliary injection. A
corneal infiltration with epithelial defect was observed and a high copy
number of HHV-6 DNA was detected in corneal tissue samples.
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infection, such as corneal epithelial ulcer and ciliary injection,
was indicated. Representative findings including slit-lamp or
fundus photographs for HHV-6-positive cases are shown in
Figure 2. In addition, ocular samples from all patients were
subjected to bacterial examinations, including conventional
bacterial culture and bacterial broad-range PCR (bacterial 16S
rDNA)'8 (Table 1). The final diagnoses were as follows: case 1,
ocular toxocariasis; case 2, HSV-1 corneal endotheliitis; case 3,
endogenous endophthalmitis; case 4, late postoperative
endophthalmitis; case 5, acute postoperative endophthalmitis;
case 6, CMV retinitis; case 7, idiopathic uveitis; case 8, bacterial
keratitis (Table 1).

We next summarized the virological analysis of ocular
samples from these eight HHV-6-positive patients (3 aqueous
humor, 5 vitreous fluids, and 1 corneal tissue) in Table 2.
Multiplex PCR was used to detect HHV infection (HSV-1, HSV-
2, VZV, EBV, CMV, HHV-6, HHV-7, and HHV-8). HHV-6 was
found together with EBV (only case 1), HSV-1 (only case 2), or
CMV (only case 6). Figure 3 is representative of the results of
the multiplex PCR where HHV-6 DNA was detected in aqueous
and vitreous fluid from case 1. HHV DNA in nine ocular
samples from eight cases was also measured by real-time PCR.
These patients had high copy numbers of HHV-6 DNA, with
values ranging from 4.0 X 103 to 5.1 X 10° copies/mL (Table 2),
suggesting that viral replication may occur in the eye.
Following diagnosis, 4 patients received antiviral treatment
(i.e., valacyclovir or valganciclovir), which controlled their
ocular inflammation (Table 2).

Detection of HHV-6 Variant A or B in Patients with
HHV-6-Associated Ocular Inflammatory Disorders

HHV-6 can be classified into two groups: a variant A (HHV-6A)
and a variant B (HHV-6B).!? Distinguishing between HHV-6
subtypes is mainly accomplished using PCR techniques,
including melting curve!® or variant-specific primers.?° There-
fore, we next determined whether the HHV-6-positive cases
were HHV-6A or B using realtime PCR. In this study, we
designed a probe and primers for use in the HHV-6 DNA
amplification. The paired primers and TagMan probes used for
detection of HHV-6A and HHV-6B are shown in Figure 1A. By
using several different primers and probes, we were able to
detect each of these HHV-6 types separately (Fig. 1A). The PCR
results from case 1 showed that intraocular samples included
HHV-6A but not HHV-6B DNA (Fig. 4). Final analysis with
quantitative PCR indicated that two of the cases were positive
for HHV-6A and six cases were positive for HHV-6B (Table 2).

Detection of HHV-6 mRNA in Intraocular Samples

RT-PCR has previously been used on mRNA from peripheral
blood mononuclear cells to detect actively replicating virus.?!
We therefore tested ocular samples for the presence of HHV-6
mRNA. Various samples, such as aqueous humor, vitreous fluid,
retinal membrane tissues, and collected vitreous cells from an
HHV-6A-positive case (case 1), were available for the RT-PCR
assay. We designed primers to amplify mRNA using a nested RT-
PCR (HHV-6 A IE1 U90, Fig. 1B). As revealed in Figure 5, HHV-
6A mRNA was clearly detected in vitreous cell samples, but
other ocular samples from the same patient were all negative.

DiscussiION

In this study, we demonstrate that seven patients with uveitis
or endophthalmitis were positive for HHV-6 DNA. In addition,
one patient with infectious keratitis was also found to be HHV-
6-positive. These patients had high copy numbers of HHV-6
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FiGure 3. Results for multiplex PCR in a patient with HHV-6-positive uveitis. A significant positive curve was seen at 52°C, indicating detection of
HHV-6 genomic DNA in the ocular fluids (case 1). DNA from other herpes viruses, such as HSV1, HSV2, VZV, EBV, CMV, HHV7, and HHVS, was not

detected in this sample.

DNA, and two cases were found to be HHV-6 type A and six
cases were type B. In addition, HHV-6 mRNA was detected in
intraocular samples from HHV-G-positive patients, suggesting
that viral replication or reactivation may occur in the eye.

Recently, Cohen et al.> reported that HHV-GA DNA could be
detected by PCR in vitreous fluid from a patient with CMV-
associated retinitis when vitreous fluids were assayed from 101
patients with ocular inflammation for HHV-6A, HHV-6B, and
HHV-7. HHV-6B DNA was also detected in vitreous fluid from a
patient with idiopathic uveitis in the absence of CMV DNA.
This study suggests that HHV-6A and HHV-6B DNA are
detectable in approximately 1% of vitreous samples from
patients with ocular inflammation. In our study, we show that
HHV-6 DNA was detectable in 2% of ocular samples from
patients with intraocular inflammation following screening for
HHV-1 to —8 infection using multiplex PCR.

In a previous study,'® we found that intraocular HHV DNA
was detectable in a wide range of herpes virus-associated
uveitis cases when analysis was performed using multiplex
PCR. PCR is a valuable tool for the diagnosis of herpetic uveitis
and it is now possible to exclude nonherpetic uveitis patients
using this method. Moreover, de Boer et al.® previously found
that in patients with herpetic anterior uveitis, PCR was more
frequently positive than the Goldmann-Witmer coefficient.
HHV-6 has been implicated in ocular inflammation, most
remarkably when the posterior segment of the eye was
affected.®7-1°-12 On the other hand, the role of HHV-G as a
cause of anterior uveitis is inconclusive and further studies are
required. As revealed in this study, we found three cases of
anterior inflammatory diseases including keratitis and five
cases of pan- or posterior inflammatory diseases in the eye.
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Ficure 4. Detection of HHV-6 DNA by quantitative real-time PCR. The real-time PCR results for the samples from case 1 showed that intraocular
samples, such as aqueous humor and vitreous fluids, contained a high copy number of HHV-6A DNA, but not HHV-6B DNA.
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FiGure 5. Detection of HHV-6 mRNA in intraocular samples. HHV-6A mRNA was detected in samples from vitreous cells, but other ocular samples,
such as aqueous humor, vitreous fluids, and retinal membrane tissues were all negative (Jower image). All samples, including control RNA, were

positive for B-actin (upper image).

The detection of HHV-6 in the eye might not be clinically
relevant. HHV-6 can latently reside in cells of the lymphoid and
myeloid lineage and it may have entered the inflamed eye via
immune cells, similar to EBV and human immunodeficiency
virus.?2223 Thus, HHV-6 DNA has been detected in circulating
T cells, monocytes, and leukocytes and may simply have been
carried into the eyes in the inflammatory cells as a result of
destruction of the blood-retina barrier. Our data indicate that
most HHV-6 DNA in intraocular fluids of inflamed eyes might
be a consequence of the release of HHV-6 DNA from resident
ocular cells caused by intraocular inflammation. A high copy
number of HHV-6 DNA was detected in patients with severe
ocular inflammation, pan- or posterior uveitis, or endophthal-
mitis (Tables 1 and 2). This is supported by the findings of Arao
et al.,2¢ who showed that HHV-6 can infect human retinal
pigment epithelial cells.

We detected HHV-6 in only one patient with an ocular
surface inflammatory disorder. The patient was a young
healthy donor suffering from atopic dermatitis. Okuno et al.”
recently reported that 14 of 22 patients with corneal
inflammation were positive for HHV-6, suggesting that the
association of HHV-6 with disease was more frequent than with
other herpes viruses, such as HSV-1. Thus, HHV-6 may be
another sole causative agent of corneal inflammation.

HHV-6 reactivation frequently accompanies CMV reactiva-
tion,?> and the presence of HHV-6A DNA in the eye may simply
reflect the immunocompromised state of the patient. Case 6 in
this study was a patient with CMV retinitis who was also found
to be HHV-6A DNA-positive; however, with the exception of
this patient, our HHV-6 PCR-positive patients were neither
young nor immunosuppressed. We previously used multiplex
PCR to search for HHV-6 in ocular fluids from 100 patients
with uveitis and detected HHV-GA DNA in one patient with
severe unilateral uveitis (case 1).” This patient’s ocular fluid
also contained antibodies to Toxocara canis larvae and we
finally diagnosed ocular toxocariasis and HHVG-related pan-
uveitis.” In this study, 7 patients were found to have other
infectious agents, including bacteria, other herpes viruses
(HSV-1), and parasites (Toxocara); however, it is unclear
whether HHV-6 was the predominant pathogen. It is assumed
that HHV-6 infections play a secondary role in the pathogenesis
of ocular inflammation. Therefore, we tested intraocular
samples for the presence of HHV-6 mRNA. Additional tests
for HHV-6 RNA or protein in ocular tissues would have been

more definitive and provided evidence of HHV-6 replication.
We found HHV-6A mRNA and a high copy number of HHV-6
DNA in the same sample from a patient with ocular
toxocariasis (case 1). As far as we know, this is the first report
of detection of both HHV-6 DNA and mRNA in an ocular
sample. The RT-PCR assay can reliably differentiate between
latent and actively replicating HHV-6 and its use should allow
an insight into the pathogenesis of this ubiquitous virus as
previously reported.?!

In conclusion, ocular samples collected from patients with
infectious ocular disorders can contain a high copy number of
HHV-6 DNA. The HHV-6-positive case was found to have HHV-
6 DNA and mRNA in the inflamed eye. We are currently
conducting experiments to determine whether HHV-6 type A
and type B can infect ocular cells, such as retinal pigment
epithelium, in vitro. Infected ocular cells can produce
inflammatory cytokines and chemokines that differ from those
in normal uninfected cells.
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