2These eyes were excluded from the present analysis according to the
order shown in the table to avoid repetitive exclusion.

bReasons for the difficulties in measuring endothelial cell density were
dementia (3 right and 3 left eyes), bedridden (6 right and 6 left eyes),
artificial eye (4 right and 2 left eyes), phthisis (1 right and 4 left eyes), severe
corneal opacity (17 right and 12 left eyes), large pterygium (3 right and 3 left
eyes), nystagmus or strabismus (4 right and 4 left eyes), and difficulties
opening or refusal to open the eye (3 right and 6 left eyes).

including 39 with cornea guttata in both eyes, 53 in right
eyes only, and 32 in left eyes only. The prevalence in the
right eyes (3.2%) was not significantly different from that
in the left eyes (2.5%) (P=.11).

The prevalence of cornea guttata adjusted for sex and
age is summarized in Table 2. The prevalence of cor-
nea guttata was significantly different among subgroups
of the 5 age ranges (P=.003, Fisher exact test). The grade
of cornea guttata was not significantly correlated with age
(P=.32; R=0.09). The prevalence of cornea guttata was
significantly different between men and women (2.4%
vs 5.8%; P<<.001, Fisher exact test).

Table 3 shows the results of the comparison be-
tween participants with and without cornea guttata. The
univariable comparison showed that participants with cor-
nea guttata were older, female, and shorter in stature; had
a lower body weight, thinner CCT, and shallower ante-
rior chamber; and smoked fewer pack-years compared
with those without (Table 3). Logistic regression analy-
sis with adjustment for only sex (age), only age (sex), or
both sex and age (the other factors) showed that greater
age, female sex, and thinner CCT were associated with
increased risk of cornea guttata (Table 3).

- EEITEN

To the best of our knowledge, ours is the first population-
based study with a large population size to evaluate the
prevalence of cornea guttata in an Asian population. In
this study, 124 of 3060 eligible participants (4.1%) had
cornea guttata in at least 1 eye. Several studies have re-
ported the prevalence of cornea guttata. A population-
based study in Reykjavik reported that the prevalence of
cornea guttata was 9.2% in 774 white participants 55 years
or older in whom specular microscopy was used for di-
agnosis.’ In a non—population-based study conducted in
Japan and Singapore with a relatively small number of
participants 50 years or older,* the incidence of cornea

guttata was 6.7% (31 of 465 participants) in Chinese Sin-
gaporeans and 3.7% (11 of 299 participants) in Japa-
nese study participants.* The prevalence of 4.1% in our
study is lower than that in the Reykjavik Eye Study or
the study of Chinese Singaporeans. In the study con-
ducted in Japan and Singapore, the authors stated that
environmental factors, such as UV light and tempera-
ture, may be involved in the occurrence of cornea gut-
tata because there was a difference in the prevalence of
cornea guttata in the Japanese and Chinese Singapore-
ans despite their racial similarity. On the other hand, the
prevalence of cornea guttata in the white population re-
ported in the Reykjavik Eye Study was even higher, sug-
gesting that genetic factors contribute to the occurrence
of cornea guttata. Moreover, primary central cornea gut-
tata occasionally progresses to Fuchs corneal endothe-
lial dystrophy, which is a major cause of corneal trans-
plantation (9.3%-23.8%) in Western countries’'* and only
a minor cause (1.7%-3.9%) in Asian countries.'*'® This
finding suggests that genetic or racial factors strongly con-
tribute to the occurrence of Fuchs endothelial dystro-
phy and cornea guttata. Additional population-based stud-
ies in various geographic areas and among various
ethnicities are necessary to clarify the effect of environ-
mental and genetic factors on the occurrence of cornea
guttata.

In the present study, the prevalence of cornea guttata
became higher with increasing age. This finding sug-
gests that primary cornea guttata progresses in an age-
dependent manner. In the Reykjavik Eye Study with 774
participants,® the mean age of female participants with
cornea gutiata was significantly higher than that of fe-
male participants without cornea guttata, but logistic re-
gression analysis did not show age to be a significant fac-
tor associated with cornea guttata. It is possible that the
number of participants in our study was large enough to
detect the association between the presence of cornea gut-
tata and higher age. On the other hand, the grade of cor-
nea guttata was not significantly correlated with age. Only
3 cases of the highest grade were noted in the group aged
70 to 79 years, whereas none were noted in those 80 years
or older. There were 201 participants in the subgroup
80 years or older, whereas there were more than 500 in
the other age subgroups. In addition, only 13 persons had
cornea guttata in the subgroup 80 years or older. The rela-
tively small number of participants in the oldest sub-
group might be responsible for the lack of correlation be-
tween the grade of cornea guttata and age. This point needs
further investigation.

We found the prevalence of cornea guttata to be sig-
nificantly different between women and men (5.8% vs
2.4%), and logistic regression analysis with adjustment
for age indicated that the prevalence of cornea guttata
in women was significantly higher than that in men. The
Reykjavik Eye Study reported a higher prevalence of cor-
nea guttata in women (11%) than in men (7%), al-
though the difference was not statistically significant.’
Similarly, the study conducted in Japan and Singapore
reported a higher prevalence of cornea guttata in women
than in men (8.5% vs 4.4% in Chinese Singaporeans and
5.5% vs 1.5% in Japanese).* Thus, a higher prevalence
of cornea guttata in women is likely to be a common find-
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Gyttata grades are explained in the “Examinations” subsection of the “Methods” section.

- .

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); CCT, central corneal thickness; Cl, confidence

interval; D, diopters; IOP, intraocular pressure; OR, odds ratio.
Unless otherwise indicated, data are expressed as mean (SD).

b pvalues were the results of comparison between participants with and without cornea guttata by Fisher exact or unpaired £ test.
¢ Pvalues were the results of logistic regression analysis with adjustment for only sex (age), only age (sex), or sex and age (the other factors).

ing among races. This observation is consistent with the
fact that Fuchs corneal endothelial dystrophy is ob-
served more frequently in women than in men.'""

In the present study, logistic regression analysis dem-
onstrated that a thinner central cornea is also associated
with increased risk of cornea guttata. Higher grades of
cornea guttata are likely to be associated with a thicker
cornea because cornea guttata occasionally progresses to
Fuchs endothelial dystrophy, in which corneal thick-
ness is increased owing to edema. However, in most of
the participants with cornea guttata in this study, the grade
of cornea guttata was low, and we found no association
between cornea guttata and a thicker cornea. On the con-
trary, cornea guttata was associated with a thinner cor-

nea. This relationship of cornea guttata with CCT re-
quires further investigation.

In the Reykjavik Eye Study, lower weight, lower
body mass index, and a history of smoking longer than
20 pack-years were associated with a higher risk of cor-
nea guttata.? In the present study, participants with cor-
nea guttata had significantly lower body weight than
those without cornea guttata, but this relation was no
longer significant after adjusting for age and sex. Thus,
in our study, weight and body mass index were not sig-
nificantly correlated with cornea guttata. Logistic re-
gression analysis in the present study also did not indi-
cate a significant correlation between cornea guttata
and smoking.
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There are a few limitations in this study. First, we
used only a specular microscope to detect cornea gut-
tata because we thought that guttata at an early stage
could be detected only with that instrument. However,
this could have led to underestimation of the presence
of guttata in this population because only a small area
in the central cornea can be observed with specular
microscopy. Moreover, guttata frequently occur in the
paracentral rather than the central area of the endothe-
lium, in which a slitlamp examination is more suitable
to detect guttata. In the Reykjavik Eye Study, slitlamp
biomicroscopy and specular microscopy were used to
detect guttata. Thus, the prevalence of guttata in the
Reykjavik study and ours may not be simply compared
with each other. Second, the 3762 participants were
younger than the 870 nonparticipants. Because the
results indicated that the prevalence of cornea guttata
became higher with increasing age, it is possible that
the prevalence of cornea guttata in the entire popula-
tion in Kumejima Island is actually somewhat higher
than 4.1%.

In conclusion, the prevalence of cornea guttata was
4.1% among individuals 40 years or older in Kumejima,
a southwestern island of Japan, by specular microscopic
criteria only, which is lower than the prevalence re-
ported in the Reykjavik study. A higher prevalence may
have been determined if specular microscopy had been
combined with slitlamp biomicroscopy. Older age, fe-
male sex, and a thinner cornea were independently as-
sociated with a higher risk of cornea guttata.
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tapered to oral prednisolone 0.5 mg/kg daily and cyclospo-
rine 1 mg/kg daily because of the development of facial
hypertrichosis. Three months later, the patient suddenly
developed severe scleral injection (Fig. 1F). B-mode ultra-
sonography showed posterior scleral thickening (Fig. 2A).
Corneal ulceration with de-epithelialization restarted.
Immunomodulatory therapy was extended with oral myco-
phenolate mofetil 500 mg twice daily and subcutaneous
methotrexate 20 mg/week. Amniotic membrane transplan-
tation was combined. One month later, the scleral injection
and edema resolved (Fig. 2B). However, the corneal ulcer-
ation worsened (Fig. 1G) with two episodes of corneal per-
foration, which were spontaneously sealed after Histoacryl
glue and pressure patch application. In view of this refrac-
tory course, intravenous administration of infliximab (5 mg/
kg) was repeated at 2-week intervals after informed consent
was acquired from the patient’s parents. After the third
infusion of infliximab, the corneal ulceration stopped, and
conjunctival hyperemia and ocular discomfort were relieved
(Fig. 1H). Because a clear correlation was observed between
the erythrocyte segmentation rate (ESR) and levels of C
reactive protein (CRP) and the recurrence of keratitis, the
dose of systemic immunosuppressant was thereafter care-
fully adjusted according to the ESR and CRP levels as well
as to clinical findings. Systemic immunosuppressants were
tapered after 3 months, and remission was maintained
during a 12-month follow-up.

Discussion

In the literature published to date, infliximab has been
shown to be effective for the treatment of intractable uveitis
in children with a very low occurrence of adverse effects.”
Our case demonstrates that infliximab can be also effective
in JRA-associated PUK. However, there are reports of
increased risk of infection, anaphylaxis, and resistance in the
long term in patients receiving this drug.*® Hence, special
care should be taken when using infliximab in children.

Keywords:

Joo Youn Oh, Mee Kum Kim, and Won Ryang Wee
Department of Ophthalmology, Seoul National University College of
Medicine, Seoul, Korea

infliximab, juvenile rheumatoid arthritis, keratitis
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Figure 2A, B. Ultrasonography
of the eye. A The thickening of
episcleral and scleral tissue indi-
cates posterior scleritis. B One
month after treatment with oral
mycophenolate  mofetil  and
subcutaneous methotrexate, the
scleral edema resolved.
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Sudden Onset of Amantadine-Induced
Reversible Bilateral Corneal Edema in
an Elderly Patient: Case Report and
Literature Review

Amantadine hydrochloride (Symmetrel) is an achiral
polycyclic aliphatic primary amine that is approved for
prophylaxis and treatment of influenza A, extrapyramidal
signs associated with Parkinson’s disease, and drug-induced
extrapyramidal reactions. Ocular toxicity is extremely
rare,”” and most ophthalmologists likely have little oppor-
tunity to see amantadine-induced corneal toxicity. Here we
report on the acute onset of amantadine-induced corneal
edema and rapid resolution after discontinuation of aman-
tadine therapy in an elderly woman. We also review pub-
lished reports of similar amantadine-related corneal edema
to define the clinical features.
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Figure 1A-D. Anterior segment of a 77-year-old woman at her first
visit (A, B) and at 2 weeks after stopping amantadine (C, D). Slit-lamp
biomicroscopy revealed bilateral stromal edema and folds in Des-
cemet’s membrane, with an intact epithelium at the first visit (A, B).
Corneal edema had resolved 2 weeks after discontinuation of amanta-
dine (C, D).

Case Report

A T7-year-old woman with bilateral corneal edema was
referred to our hospital. She reported the sudden onset of
bilateral, painless loss of vision, and auditory and visual
hallucinations 10 days earlier. Her local ophthalmologist
reported that her best-corrected visual acuity (BCVA) was
0.8 bilaterally with normal anterior and posterior segment
findings at her last routine eye examination, 3 months
before the current presentation, while BCVA had deterio-
rated to 0.02 OD and 0.01 OS before referral to our hospi-
tal. At the first visit, BCVA was 0.05 OD and 0.07 OS.
Slit-Jamp examination revealed bilateral corneal stromal
edema with folds in Descemet’s membrane (Fig. 1A, B). The
edema was diffuse and the corneal thickness was beyond
the range of ultrasound pachymetry with variable readings
well above 1000 um in both eyes. Extraocular movements
were normal. Intraocular pressure was 13 mmHg OU.
Although the fundus could not be clearly visualized because
of corneal opacity, the patient seemed to have an almost
normal fundus. Her ocular history was unremarkable, and
she had no family history of corneal disease.

Her medical history revealed that she had been started
on amantadine therapy by her neurologist. She had com-
plained of numbness in her leg and hands 1 year before the
current admission, and her neurologist had started her on
amantadine (50 mg three times daily) for tremor 25 days

Jpn J Ophthalmol
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before the current admission. Bilateral loss of vision had
occurred 10 days before the current admission. The patient
was diagnosed as having amantadine-induced corneal
edema. After consultation with the patient’s neurologist,
amantadine therapy was permanently discontinued. The
patient was treated with topical 0.1% betamethasone
sodium phosphate (Rinderon A, Shionogi, Osaka, Japan)
and sodium chloride eye drops (NaCl 0.5% solution) three
times daily to both eyes. Although mild stromal opacity
persisted in the inferior cornea of the right eye, her corneal
edema resolved 2 weeks after discontinuation of amanta-
dine. Central pachymetry readings were 486 um in the right
eye and 428 um in the left eye. Visual acuity improved to
0.8 OD and 0.6 OS, but the endothelial cell density was low
(901/mm* OD and 1134/mm* OS). Her auditory and visual
hallucinations also resolved when amantadine was stopped.

Comments

Corneal edema in our patient was associated with amanta-
dine therapy and showed rapid resolution after amantadine
was discontinued. A summary of case reports from the
literature regarding amantadine-induced corneal edema is
presented in Table 1. The case described here and the results
of previous studies suggest that amantadine-induced corneal
toxicity is not dose-dependent and occurs from 2 weeks
to 8 years after starting the drug. In addition, prolonged
use of amantadine may lead to irreversible corneal edema.
Although ocular toxicity is extremely rare, patients receiv-
ing amantadine should be monitored for possible changes
to their corneal endothelium.
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Table 1. Summary of case reports of amantadine-induced corneal toxicity

Reversible
BCVA before and after (recovery time”)
Age Amantadine cessation of amantadine or Reference
Case (years) dose Irreversible — Author Year
no. Sex Systemic disease (duration®) Before After Treatment Steroid Therapy (Journal)
1 64F Influenza NA 0D20/20 OD NA Reversible (10 days) None Blanchard 1990
(19 days) OS 20/20 OS NA (Cornea)
2 14M Neurologic 300 mg/day OD 20/400 OD 20725 Reversible (10 days) None Hughes 2004
disorder (NA) OS 20/160 OS 20725 ‘ (Cornea)
3 61M Parkinson’s disease 300 mg/day OD 20/70 OD 20720 Reversible (8 days) None Kubo 2008
(8 months) OS 20/60 0OS 20/16 (Parkinsonism Relat Disord)
4 55F Multiple sclerosis 200 mg/day OD 20/200 OD NA Irreversible — PKP Topical prednisolone Jeng 2008
(6 years) OS 20/200 OS NA acetate 1% (Ophthalmology)
5 5TM Multiple sclerosis 200 mg/day OD 20/70 OD 20725 Reversible (2 weeks) Oral prednisone 60 mg/ Jeng 2008
(2 months) OS 20/100 0S8 20/30 day (Ophthalmology)
6 44F Bipolar disorder 200 mg/day OD 20/400 OD 20/50 Reversible (1 month) Topical prednisolone Jeng 2008
(3 months) OS 20/400 OS 20/40 acetate 1% (Ophthalmology)
7 74F Parkinson’s disease 200 mg/day OD 20/200 OD NA Reversible (1 month) None Dubow 2008
(8 years) OS 20/40 OS NA (Mov Disord)
8 52F Parkinson’s disease 250 mg/day OD HM OD 20/30 Reversible (2 weeks) None Chang 2008
(6.5 years) 0OS HM OS 20/60 (Cornea)
9 12F ADHD 200 mg/day OD 20/200 OD NA NA (NA) NA Pond 2009
(4 months) 0S 201200 OS NA (Br J Ophthalmol)
10 55F Parkinson’s disease 200 mg/day OD 207100 OD NA Reversible (NA) None Pond 2009
(Several years) OS 5/200 OS NA (Br J Ophthalmol)
11 39F Schizophrenia / 200 mg/day OD 20/400 OD 6/200 Irreversible - DSAEK Topical prednisolone Koenig 2009
tardive dyskinesia (1 year) OS 20/400 OS 6/200 acetate 1% (Eye Contact Lens)
12 39F Multiple sclerosis NA OD 20/400 OD 20/40 Reversible (2 months) None Esquenazi 2009
(2 months) OS 20/400 OS 20/30 (Ocul Pharmacol Ther)
13 77F Tremor 150 mg/day OD 4/400 OD 20725 Reversible (10 days) Topical betamethasone Our patient
(15 days) OS 2/200 OS 20/32 sodium phosphate 0.1%

BCVA, best-corrected visual acuity; NA, data not available; ADHD, Alzheimer disease and attention-deficit/hyperactivity disorder; HM, hand motion; PKP, penetrating keratoplasty;

DSAEK, Descemet-stripping automated endothelial keratoplasty.

*From the first dose of amantadine to the onset of corneal edema.
"From discontinuation of amantadine to recovery from corneal edema.
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Acute Klebsiella pneumoniae Interface
Keratitis After Deep Anterior Lamellar
Keratoplasty

Deep anterior lamellar keratoplasty (DALK) is a relatively
new surgical technique that selectively removes the anterior
layers of the cornea and preserves the innermost layers,
such as the endothelium and Descemet membrane. It has
several advantages over penetrating keratoplasty, including
avoidance of the risk of endothelial rejection, a closed ante-
rior chamber during surgery, and faster healing.'

Infectious keratitis after corneal transplantation is one
of the causes of graft failure and is associated with poor
visual outcomes. Recently, a new entity after DALK has
been described, infectious interface keratitis.>* Ophthal-
mologists are familiar with interface keratitis after laser-
assisted in situ keratomileusis or conventional lamellar
keratitis, but to our knowledge, acute infectious interface
keratitis after DALK has not yet been reported.

We describe a case of acute infectious interface keratitis
after DALK caused by Klebsiella pneumoniae.

Case Report

A 35-year-old woman underwent big-bubble DALK for
keratoconus in the left eye with no complication during
surgery. The patient had no other ocular disease or specific
medical history. Postoperative medications included topical
chloramphenicol 0.5% and betamethasone 0.1% eye drops
four times a day.

On the second day after surgery, the patient complained
of ocular pain, red eye, and reduced vision in her operated
eye. Her visual acuity was 20/400, and slit-lamp biomicros-
copy revealed multiple white deposits at the donor-recipi-
entinterface. Over the nexthours, the condition progressively
deteriorated and the deposits became confluent (Fig. 1).
The patient was treated with topical fortified vancomycin
(50 mg/ml) and ceftazidime (50 mg/ml) eye drops, each for
30 min. Despite the topical antibiotic therapy, she demon-
strated severe stromal involvement and hypopyon, and we
encountered a suppurative corneal ulcer.

In the meantime, microbiologic analysis of the donor
sclerocorneal rim disclosed donor contamination with K.
preumoniae. Because the patient did not respond to the

Jpn J Ophthalmol
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medical regimen, therapeutic penetrating keratoplasty was
performed on postoperative day 3 to halt the ulcer’s pro-
gression and obtain a specimen for bacteriologic and histo-
pathologic evaluations.

First, the sutures were released. Next, the donor cornea
was removed and the interface irrigated with vancomycin
(50 mg/ml) and ceftazidime (50 mg/ml) solutions for 2 min.
Then, the intact Descemet membrane was completely excised
and the anterior chamber irrigated with balanced salt solu-
tion to wash out the hypopyon. Finally, two peripheral iridec-
tomies were done, and the donor graft was secured with 16
separate 10-0 nylon sutures (Fig. 2A-D). Intravenous antibi-
otics (vancomycin 1 g/12h and ceftazidime 1 g/8 h) were
started, and the topical fortified antibiotic therapy was
continued postoperatively. Fortunately, our patient had an
uncomplicated postoperative course. After the surgery, we
founded a significant decrease in anterior chamber inflamma-
tion, and the graft edema gradually disappeared. From the
third day after the operation, betamethasone 0.1% eye drops
were started with increasing dosage.

Histopathologic examination of the excised button dem-
onstrated focal areas of inflammation, but no organism.
However, the cultures were positive for K. pneumoniae. The
drug sensitivity profile for this strain was similar to that of
the organism isolated from the donor sclerocorneal rim, and
both were susceptible to ceftazidime.

Two weeks after the surgery, the corneal graft had
become completely clear and the anterior chamber was
clear of any cell or flare. Four weeks after the surgery, best-
corrected visual acuity had increased to 20/25 with -2
—2.5/160 refraction. At the last postoperative visit, 3 months
after the surgery, uncorrected visual acuity was 20/30, best-
corrected visual acuity was 20/20, and there was no sign of
recurrence (Fig. 2E).

Comments

Incidence of infection following lamellar cornea transplan-
tation is variable; Vajpayee et al.’ reported an incidence
11.11% greater than that following penetrating kerato-
plasty, which has been reported to be in the 1.8%-4.9%
range.

Up until now, no study has reported the incidence of
mfectious interface keratitis following DALK. It seems to
be a rare complication, and we found just two case reports
in a Medline search.>® Kanavi et al.? reported two cases of
interface keratitis caused by two different Candida species
after DALK for keratoconus. Fontana et al.” reported a case
of a 30-year-old man with keratoconus who underwent
DALK. All these cases of interface keratitis showed a
delayed onset, and Candida species were the detected
microorganisms.

To the best of our knowledge, this is the first report of K.
preumoniae interface keratitis following DALK. Acute
onset of clinical signs and symptoms was the major differ-
ence between our patient and the patients reported in previ-
ous studies. However, similar to those previous cases,
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A significant association of viral loads with corneal
endothelial cell damage in cytomegalovirus anterior

uveitis

Masaru Miyanaga,’? Sunao Sugita,’ Norio Shimizu,® Tomohiro Morio,”
Kazunori Miyata,? Kazuichi Maruyama,® Shigeru Kinoshita,®> Manabu Mochizuki'

ABSTRACT

Aim The aim of the study was to investigate the
correlation between the clinical manifestation and the
cytomegalovirus (CMV) viral load in the agueous humour
of patients with CMV anterior uveitis.

Methods Seven patients with CMV-associated
iridocyclitis and four patients with CMV-associated
carneal endotheliitis were enrolled. Presence of CMV, but
not other human herpes viruses, was confirmed by
multiplex polymerase chain reaction (PCR). Viral load
was measured using real-time PCR. Clinical
manifestations were examined using a slit-lamp
microscope and ophthalmoscope, applanation tonometer
and specular microscope.

Results All 11 patients had unilateral recurrent anterior
uveitis with high intraocular pressure and mutton fat
keratic precipitates with pigmentation. Stromal oedema
of the cornea was found in CMV-associated endotheliitis,
but not in CMV-associated iridocyclitis patients. A
significant corneal endothelium cell loss was recorded in
all 11 patients with CMV-associated endotheliitis and
iridocyclitis patients. High viral loads of CMV were
detected in the agueous humour of all 11 patients. A
significant association was found between the corneal
endothelial cell loss intensity and CMV viral load in the
aqueous humour.

Conclusion There is a significant correlation between
the CMV viral load and corneal endothelial cell loss in
both CMV-associated iridocyclitis and corneal
endotheliitis.

INTRODUCTION

Cytomegalovirus (CMV) is a member of the
human herpes virus family and is found in latent
infections in the majority of the adult population.
In immunocompromised hosts, the virus causes
necrotising retinitis,' but has been thought not to
cause any diseases in immunocompetent hosts.
However, a previous study showed local production
of anti-CMV antibodies in the aqueous humour of
an immunocompetent patient with iridocyclitis
with elevated intraocular pressure (IOP).? In addi-
tion, recent studies using qualitative PCR have
demonstrated that genomic CMV DNA is present
in the aqueous humour of immunocompetent
patients with unilateral iridocyclitis®™® as follows.
Markomichelakis ez al® reported two cases of irido-
cyclitis with sectoral iris atrophy in which CMV
was detected by PCR, and de Schryver et a/* also
reported five similar cases. In the recent report by
Chee et al,” they studied if there was a relationship

between the CMV viral load in the aqueous and
clinical manifestation of the diseases such as either
acute or chronic iridocyclitis, eg Posner—Schlossman
syndrome and Fuchs heterochromic iridocyclitis.
CMV genomic DNA was also detected in the
aqueous humour of immunocompetent patients
with another inflammatory condition of the eye, ie
corneal endotheliitis, in three previous reports.”””
Corneal endotheliitis is an inflammatory condition
at the corneal endothelium in which keratic
precipitates (KPs) develop together with severe
stromal oedema in the cornea, whereas iridocyclitis
has cells and flare in the anterior chamber with or
without KPs but no stromal oedema in the cornea.

The real-time PCR made it possible to measure
the viral load quantitatively. Thus, the use of this
assay makes it possible to determine the clinical
significance of the viral infection in the pathogen-
esis of human diseases. Our previous report showed
a high CMV genomic DNA load in the aqueous
humour in an immunocompetent patient with
unilateral iridocyclitis with high IOP® However, the
correlation between the viral load in the aqueous
humour and the clinical manifestation of the disease
(iridocyclitis versus corneal endotheliitis) was not
investigated. Therefore, we examined if there was
any correlation between the CMV viral load in the
aqueous humour and the clinical manifestation of
anterior inflammatory diseases associated with
CMV. We showed a significant correlation between
the CMV viral load in the aqueous humour and the
endothelial cell damage of the cornea in patients
with iridocyclitis and corneal endotheliitis
associated with CMV.

MATERIALS AND METHODS
Subjects
Between 2006 and 2008, 11 patients with CMV-
associated inflammation in the anterior segment of
the eye, ie seven patients with CMV-associated
iridocyclitis and four patients with CMV-associated
corneal endotheliitis, were enrolled. These patients
were from Tokyo Medical and Dental University
Hospital (Tokyo, Japan), Miyata Eye Hospital
(Miyakonojo, Miyazaki, Japan) and Kyoto Prefec-
tural University Hospital (Kyoto, Japan). Diagnosis
was made based on clinical manifestations and the
qualitative detection of the CMV genomic DNA in
the aqueous humour by the multiplex PCR. The
viral load in the aqueous humour was further
measured quantitatively by the real-time PCR.

An aliquot of 0.1 ml of the aqueous humour was
aspirated with a 30G needle after disinfection and
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processed for PCR. Anti-viral therapy was not given before the
PCR assay, but topical corticosteroids were given by local
ophthalmologists to treat intense anterior uveitis. The interval
between the disease onset and the aqueous humour sampling
varied among the patients.

Polymerase chain reaction
The aqueous humour samples were centrifuged at 1000 g for
5min and used for multiplex PCR and real-time PCR.*® '
Multiplex PCR was designed to qualitatively measure the
genomic DNA of eight human herpes viruses: herpes simplex
virus type 1 (HSV-1) and type 2 (HSV-2), varicella zoster virus
(VZV), Epstein—Barr virus (EBV), CMV, and human herpes virus
type 6 (HHV-6), type 7 (HHV-7) and type 8 (HHV-8). DNA was
extracted from the aqueous humour samples using a DNA
minikit (Qiagen, Valencia, California, USA). Multiplex PCR was
performed using LightCycler (Roche, Basle, Switzerland). The
primers of the glycoprotein gene sequences for CMV were
TACCCCTATCGCGTG  TGTITC (forward) and ATAG-
GAGGCGCCACGTATTC (reverse). The probes used included 3'-
fluorescein isothiocyanate: TCGTCGTAGCTACGCTTACAT
and LcRed705-5": ACACCACTTATCTGCTGGGCAGC. Specific
primers for the virus were used in conjunction with Accuprim Taq
(Invitrogen, Carlsbad, California, USA). PCR amplification condi-
tions used in the current study have been reported previously."?
Real-time PCR was only performed for the HHY, with
multiplex PCR used to detect the genomic DNA. Amplitaq Gold,
with a Real-Time PCR 7300 system (ABI, Foster City, California,
USA), was used to perform the procedure. The forward and
reverse primers of immediate early (IE)-1 were CATGAAGGT-
CTTTGCCCAGTAC and GGCCAAAGTGTAGGCTACAATAG,
respectively. FAMTGGCCCGTAGGTCATCCACACTAGG-TAMRA
was used as the probe. The PCR amplification conditions used in
the current study were previously reported by Sugita e al.** When
more than 50 copies per tube (5% 10°/ml) were observed, the value
of the sample’s viral copy number was considered to be significant.

Clinical evaluation

Clinical manifestations of the eye were determined by a slit-
lamp microscopic and ophthalmoscopic examination. Each
patient underwent best corrected visual acuity (BCVA)
measurement using a Japanese standard decimal visual acuity
chart (Landolt ring chart) after treatment. Anterior chamber
flare was measured by a laser flare photometer (FC-1000; Kowa
Electronics, Nagoya, Japan). A photograph of the central cornea
using a specular microscope (NONCON ROBO FA-3509; Konan
Medical, Nishinomiya, Japan) was used for evaluation of the
corneal endothelial cells. In cases of corneal endotheliitis, intense

corneal ocedema disturbed the measurements of the corneal
endothelium, and we measured corneal endothelial cell counts
after the inflammation was reduced by the treatment.

Evaluation of corneal endothelial cell loss

The relationship between the CMV viral load in the aqueous
humour and the intensity of the corneal endothelial cell loss was
assessed. The corneal endothelial cell loss was determined
according to the following formula:

Corneal endothelial cell loss(%) =
100 — (endothelial cell counts in affected eye)/
(endothelial cell counts in the fellow eye)x 100

Statistical analysis
Statistical analysis was performed using the Mann—Whitney U
test. Statistical significance was set at p<0.05. Linear regression
analysis was performed using the Spearman’s correlation coeffi-
cient by rank test.

RESULTS
Clinical manifestations
Nine men and two women ranging in age from 23 to 71 years
(mean age 60.6 years) were enrolled in the study. No abnormal-
ities were found in the systemic investigations and laboratory
tests. Serology examinations for human immunodeficiency virus
were all negative. None of the patients had any history of eye
surgery prior to the onset of uveitis. Clinical findings of the
CMV-associated iridocyclitis patients (n=7) and corneal endo-
theliitis patients (n=4) are shown in table 1. A unilateral mild
anterior uveitis with high IOP was noted in all 11 patients. There
were no significant differences between the iridocyclitis and
corneal endotheliitis groups in the cells and flare values in the
anterior chamber, nor were there any differences noted for the
elevated levels of IOP, KPs, gonioscopic findings and iris atrophy:.
Stromal cedema of the cornea was seen in all corneal endothe-
liitis but not in iridocyclitis patients. While the stromal oedema
was diffuse in three out of the four patients, it was localised at
upper cornea in one of the corneal endotheliitis patients. Repre-
sentative cases for iridocyclitis and corneal endotheliitis are
shown in figures 1 and 2, respectively. As for the IOP elevation, all
11 eyes required anti-glaucoma medications, with two eyes
(cases 1 and 2) requiring trabeculectomy. With regard to the iris
atrophy, no sectorial iris atrophy was seen in all 11 eyes, although
four eyes (two each in the iridocyclitis and the corneal endo-
theliitis groups, respectively) presented diffuse iris atrophy.
Systemic valganciclovir therapy (1800 mg/day for longer
than 3 weeks) in conjunction with topical corticosteroids and

Table 1 Clinical findings in patients with CMV anterior uveitis

Age Corneal Cells Flare 0P Pigmentation in Iris
Case {years) Sex Eye Diagnosis oedema KPs in AC in AC (mmHg) the AC angle atrophy
1 66 M R Iridocyclitis Mutton-fat 1+ 17 38 Depigmentation Nene
2 62 M R Iridocyclitis Mutton-fat 1+ 26 40 PAS and pigment Diffuse
3 56 M L Iridocyclitis Mutton-fat 1+ 13 44 Depigmentation Diffuse
4 53 F R Iridocyclitis Mutton-fat 1+ 13 36 Depigmentation None
5 n M L Iridocyclitis Mutton-fat 2+ 28 25 PAS None
6 63 M R Iridocyclitis Fine 1+ Nt 50 Depigmentation None
7 23 M R Iridocyclitis - Fine 1+ Nt 25 Depigmentation None
8 n M R Endotheliitis + (diffuse) Mutton-fat 2+ 151 37 PAS None
9 67 M R Endotheliitis + (diffuse) Fine 1+ 14 25 Depigmentation Diffuse
10 64 F L Endotheliitis + (superior) Fine 1+ 21 28 Depigmentation None
" n M R Endotheliitis + (diffuse) Mutton-fat 1+ 12 43 PAS Diffuse

Information from 11 patients with CMV anterior uveitis were reviewed. Data collected included intraocular pressure and clinical manifestation of the anterior segments in the affected eye.
AC, anterior chamber; F, female; KP, keratic precipitate; M, male; Nt, not tested; PAS, peripheral anterior synechia.
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Figure 1 Case 4: Slit-lamp micrascopy photo with cytomegalovirus-
associated iridocyclitis. Mutton fat keratic precipitates with some
pigmentation were scattered within the central area of the cornea. There
was mild inflammation found within the anterior chamber.

anti-glaucoma agents effectively controlled the inflammation in
the anterior segment of the eye as well as the high IOP.

Corneal endothelial cell loss

Specular microscopic examination revealed significant corneal
endothelial cell loss (=35%) in all 11 patients (table 2). Severe
corneal endothelial cell loss larger than 70% was recorded in more
than one-half of the endotheliitis group eyes. In contrast, this

Figure 2 Case 8: Slit-lamp microscopy photo with cytomegalovirus-
associated corneal endotheliitis. Diffuse corneal stromal oedema with
folds in Descemet’'s membrane was observed.
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severe cell loss was observed in one of the seven patients with
iridocyeclitis.

There were several patients (cases 1, 8, 10 and 11; see table 2)
with corneal endothelial cell counts <700 cells/mm?. Among the
patients, three cases had a low visual acuity between 0.3 and 0.6.
However, one patient had a good visual acuity of 1.5.

PCR analysis of the aqueous humour samples

Multiplex PCR analyses confirmed the presence of CMV
genomic DNA, but none of the other human herpes viruses
(HSV-1, HSV-2, VZV, EBV, HHV-6, HHV-7 or HHV-8) in all 11
of the patients (table 2).

Quantitative real-time PCR detected significant viral loads of
CMV genomic DNA in the aqueous humour of all 11 patients,
with values ranging from 5.4x10° to 5.9%10° copies/ml (table
2). The mean values for the CMV viral load in the iridocyclitis
and corneal endotheliitis groups were 9.4x10° and 1.2x10°
copies/ml, respectively. The differences in CMV viral load
between the two groups were not significant (p=0.571).

The corneal endothelial cell damage intensity was correlated
to the CMV viral load in the aqueous humour. Results of the
linear regression analysis demonstrated a positive correlation
between the CMV viral load and the corneal endothelial cell loss
(Spearman’s correlation coefficient by rank test, r=0.664;
p=0.036; figure 3).

However, there was no correlation between the interval from
the disease onset to the aqueous sampling and the viral load in
the aqueous humour (Spearman’s correlation coefficient by rank
test, r=0.445; p=0.159). Furthermore, the interval from the
disease onset to the sampling was not correlated with the corneal
endothelial cell damage intensity (Spearman’s correlation coef-
ficient by rank test, r=0.373; p=0.239). In addition, there was
also no correlation between the viral load and many other ocular
findings, such as cells and flare in the anterior chamber, types of
KPs, gonioscopic findings, IOP and post-treatment BCVA.

DISCUSSION

The present study analysed ocular manifestations and CMV
viral loads in the aqueous humour of patients with CMV-asso-
ciated iridocyclitis and corneal endotheliitis. Our major findings
included: (1) presence of significant corneal endothelial cell loss
in both corneal endotheliitis and iridocyclitis tested eyes; and (2)
a significant correlation between corneal endothelial cell loss and
CMV viral load in the aqueous humour.

Even though it has been demonstrated that viral infections
play a significant role in many inflammatory diseases, a qualita-
tive PCR method that is capable of determining the pathological
role of these viral infections has yet to be elucidated. If the
presence of viral DNA in an affected disease site could be proven,
the quantitative determination and correlation with the clinical
manifestations of the viral infection could lead to a much deeper
understanding of the role of the virus as a pathogenic disease
candidate. For example, we have previously reported on two
intraocular inflammatory disorders: one involving uveitis asso-
ciated with human T-cell leukaemia virus type 1 (HTLV-1)* 4
and the other involving anterior uveitis associated with VZV.** In
HTLV-1 uveitis, a significantly higher HTLV-1 viral load was
detected in the peripheral blood mononuclear cells of the patients
compared with asymptomatic HTLV-1 carriers.® This viral load
was significantly correlated with the vitreous inflammation of
the disease.’® In our report on anterior uveitis associated with
VZV, we demonstrated there was a high VZV viral load within
the patient’s aqueous humour. Furthermore, there was a signifi-
cant correlation between the viral load and the intensity of the
iris atrophy in these patients."
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Table 2 Virological analysis and corneal endothelial cell findings in patients with CMV anterior uveitis

Herpes virus DNA

Endothelial cell count (cells/mm?)

CMV Corneal endothelial Post-treatment Interval from onset
Case {copies/ml) Others* Affected eye Fellow eye cell loss (%) 1 BCVA to sampling (months)
1 2.3%x10° - 642 2738 77 0.4 96
2 55%10° - 1633 2869 43 0.8 8
3 1.3x10* - 1695 2789 39 15 48
4 6.5x10° - 1618 3576 55 15 24
5 3.5%10° - 1445 2608 38 1.2 14
6 5.9%10° - 919 2288 45 1.2 16
7 5.4%10° - 2512 3917 60 1.2 6
8 1.0X108 - 573 2427 76 0.6 12
9 2.8x10* - 1427 2262 35 0.7 5
10 1.2X10° - 593 2092 72 0.3 4
n 3.6x10° - 620 2674 77 15 20

Using aqueous humour samples, genomic DNA of the human herpes viruses was measured by qualitative multiplex PCR and quantitative real-time PCR. Corneal endothelial cell count was

examined by specular microscopy.

*Herpes viruses excluding CMV, ie herpes simplex virus type 1 and type 2, varicella zoster virus, Epstein—Barr virus, and human herpes virus types 6, 7 and 8.

tCorneal endothelial cell loss was calculated as described in the methods section.
BCVA, best-corrected visual acuity (decimal fraction); CMV, cytomegalovirus.

Although we found that there was a positive correlation
between the corneal endothelial cell loss and the CMV viral load
in the aqueous humour, there was no correlation between the
viral load and many other ocular signs such as cells and flare in
the anterior chamber, types of KPs, gonioscopic findings, IOP,
post-treatment visual acuity and the interval from the disease
onset to the aqueous sampling. These patients had been treated
with topical corticosteroids (eg betamethasone) and anti-glau-
coma agents (eg timolol and latanoprost) before they were
referred to us by local ophthalmologists. These treatments are
known to reduce the intensity of anterior uveitis, IOP and other
ocular manifestations, but have no effect on recovering the
corneal endothelial cell damage, because the corneal endothelial
cell damage is barely reversible.

The cells and flare in the anterior chamber were mild in all 11
patients. A possible explanation why the intensity of the
inflammatory reaction in the anterior chamber was so mild in
this disease might be related to the involvement of the anterior
chamber-associated immune deviation (ACAID).Y Y In an
experimental rabbit corneal endotheliitis model, eyes inoculated
with inactivated HSV-1 prior to an active HSV-1 infection
exhibited less severe inflammatory reactions and corneal endo-
theliitis. In addition, they also developed an immune deviation to
HSV-1.8 Although CMV-related ACAID has not been previously
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Figure 3 Correlation between cytomegalovirus (CMV) viral load and
corneal endothelial cell damage. The CMV viral load was plotted on

a logarithmic graph versus the corneal endothelial cell loss (%). The
scatter plot shows significant correlation between the CMV viral load and
the corneal endothelial cell loss (Spearman’s correlation coefficient by
rank test, r=0.664; p=0.036).
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reported, real-time PCR in the present study demonstrated that
CMV genomic DNA was present at high levels within the
anterior chamber of the patients. Therefore, it may be that
ACAID in response to CMV occurs in the eye, resulting in
a relatively mild inflammatory reaction.

While our results showed CMV infection in the anterior
segment of the eye caused inflammation and corneal endothelial
cells loss in immunocompetent hosts, our study cannot answer
many other questions. For example, why does CMV cause
intraocular inflammation in immunocompetent hosts? Where
does the CMV that is detected in the aqueous humour come
from? And how is CMV able to cause inflammatory disorder only
within the anterior segment of the eye? One possible explanation
why our patients developed CMV anterior uveitis is that all our
patients had been given topical corticosteroids for a long period of
time. This may have contributed to induce local immunosup-
pressive condition in the anterior segment of the eye and resulted
in reactivation of CMV?® Further clinical and experimental
investigations are necessary to clarify these important questions.

In conclusion, significant corneal endothelial cell damage was
detected in all CMV-associated iridocyclitis- and corneal endo-
theliitis-tested eyes. In addition, a significant correlation was
found between corneal endothelial cell loss and the CMV viral
load in the agqueous humour.
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