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Detecting herpesvirus DNA in uveitis using the
polymerase chain reaction

Shuji Yamamoto, Deborah Pavan-Langston, Shigeru Kinoshita, Kohji Nishida,
Yoshikazu Shimomura, Yasuo Tano

Abstract
Background-Herpesviruses are involved
in the pathogenesis of many ocular
diseases including keratitis, iridocyclitis,
and acute retinal necrosis syndrome. The
rapid and accurate diagnosis of herpetic
infections has become increasingly
important with the rising incidence of
immunosuppressive diseases. The pur-
pose of this study was to evaluate the use
ofthe polymerase chain reaction (PCR) to
detect herpesvirus DNA in uveitis
patients.
Methods-Aqueous samples were aspi-
rated from 11 patients with active uveitis
of suspected viral origin. Using PCR,
masked samples were assayed for herpes
simplex virus (HSV), varicella zoster
virus (VZV), and cytomegalovirus (CMV)
to assist in supporting the clinical diag-
nosis of viral aetiology. Masked controls
included 10 aqueous humour specimens
from normal patients undergoing cataract
surgery and specimens from seven
patients diagnosed with active non-viral
uveitis - Behcet's disease, sarcoidosis,
Fuchs' heterochromic iridocyclitis, or
Harada's disease.
Results-Ten of 11 cases clinically diag-
nosed as being of possible viral aetiology
yielded aqueous PCR positive for a
herpesvirus. Eight patients were PCR
positive for amplified HSV DNA, ofwhom
two had acute retinal necrosis, one had
corneal endotheliitis, and five had recur-
rent iridocyclitis. VZV DNA was detected
in one case ofiridocyclitis, and CMV DNA
in one case of chorioretinitis. Successful
therapy was based on the PCR results.
Ten normal aqueous specimens and the
seven uveitis samples from cases not sus-
pected of a viral aetiology were PCR
negative for HSV, VZV, and CMV.
Conclusion-These results demonstrate
that detecting herpesvirus DNA in the
aqueous humour is useful to support a
clinical diagnosis ofviral uveitis.
(BrJ7 Ophthalmol 1996; 80: 465-468)

Herpetic ocular disease is a major cause of
blindness worldwide. It is well known that
herpesviruses, including herpes simplex virus
(HSV), varicella zoster virus (VZV), and
cytomegalovirus (CMV) are involved in the
pathogenesis ofmany ocular diseases including
keratitis, iridocyclitis, acute retinal necrosis
(ARN) syndrome, and chorioretinitis. 1-8
Although HSV and VZV have long been

regarded as principal aetiological agents in
iridocyclitis, diagnosing viral iridocyclitis with-
out previous keratitis or dermatitis is still diffi-
cult. 1-3 The rapid and accurate diagnosis of
herpetic infections has become increasingly
important with the rising incidence of
immunosuppressive diseases.9

Confirmation of a presumptive clinical diag-
nosis ofherpetic infection may be done by viral
isolation or serum antibody titres. Both require
days to weeks for completion, thus delaying
diagnosis and, therefore, therapy.7 8 Recently,
the polymerase chain reaction (PCR), a highly
sensitive and specific method, has been used in
a variety of biomedical research studies includ-
ing viral detection of many ocular inflamma-
tory diseases.9-21 In the present study, we
assayed for herpesvirus DNA (HSV, VZV,
CMV) in aqueous humour specimens from
patients with clinically suspected viral uveitis.

Patients and methods
Patients with various types of uveitis were
selected from 180 consecutive cases of uveitis
seen in the Department of Ophthalmology,
Osaka University Medical School, Japan.
Aqueous humour samples were obtained by
paracentesis at the initial visit in 18 patients, I 1
with anterior or posterior uveitis of suspected
viral origin because of the recurrent nature and
diffuse patchy iris atrophy, or comeal endo-
theliitis or ARN, and seven patients with active
uveitis not suspected ofhaving a viral aetiology
(two cases each of Behqet's disease, sarcoi-
dosis, Fuchs' heterochromic iridocyclitis, and
one case of Harada's disease). Sera also were
collected within 1 week of symptom onset and
2 weeks thereafter. Aqueous and serum speci-
mens as routine controls were obtained from
10 patients who underwent routine cataract
surgery.

DNA EXTRACTION AND PCR
Aqueous humour samples (50 ,u) were incu-
bated at 55°C for 5 hours in a final reaction
volume of 500 ,l containing 0.5°/o sodium
dodecyl sulphate (SDS), 100 ,ug/ml of pro-
teinase K, 1 mM EDTA, and 10 mM TRIS-
HCI (pH 7 8). After tRNA was added as a
carrier, the solutions were extracted by
phenol/chloroform, and DNA was precipitated
with ethanol and dissolved in 10 RI of TRIS-
EDTA buffer (10 mM TRIS-HCI, pH 7 5,
1 mM EDTA). The concentration ofDNA in
each sample was determined by using spectro-
photometric readings at a 260 nm wavelength.
We used 0- 1 ,ug DNA as a template in all PCR
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Table 1 Primer and probe sequences

HSVIO'15 5'-primer CATCACCGACCCGGAGAGGGAC 92 bp
3'-primer GGGCCAGGCGCTTGTTGGTGTA
probe GACT'TGTCCTCACCGCCGAACTGAGCAG

VZV1617 5'-primer TTCAGCCAACGTGCCAATAAA 642 bp
3'-primer GACGCGCTTAACGGAAGTAAC
probe TGAACAATCACGAACCGTTGACAGGACGTCAGATCACG

CMV18 5'-primer CACCTGTCACCGCTGCTATAT-lGC 400 bp
3'-primer CACCACGCAGCGGCCCTTGATGTTT
probe GTCGCCTGCACTGCCAGGTGCTTCG

HSV=herpes simplex virus; VZV=varicella zoster virus; CMV=cytomegalovirus; bp=base pair.

reactions. The PCR procedure was performed
according to the method described by Saiki
et al.21 The extracted DNA (0O 1 [ig) was sub-
jected to PCR in 50 ,ul of PCR buffer (10 mM
TRIS-HCl, pH 8-3, 50 mM KCl, 1.5 mM
MgCl2, 0-01% gelatin, 80 p.M each of all four
triphosphates, 2-5 units of Taq polymerase,
and 1 p.mol of each oligonucleotide primer).
Reaction mixtures were prepared for multiple
samples and aliquoted. The primers and
probes used in this study (Table 1) were syn-
thesised using an oligonucleotide synthesiser
(Gene Assembler Plus; Pharmacia-LKB,
Uppsala, Sweden). These primers are com-
monly used to amplify herpesvirus family
genomes, and the specificity of the primers
had been confirmed. For HSV amplification,
primer pairs previously shown to identify a
specific 92 base pair segment of the HSV DNA
polymerase gene sequence were used.10-15
This specific nucleotide sequence exists in
both HSV types 1 and 2. The primer pairs for
VZV were used to amplify a 642 base pair
target sequence that is incorporated in the
EcoRl-D fragment of the varicella zoster virus
genome.16 17 We designed and synthesised 38
base pairs of oligonucleotide between sense
and antisense primers and used them as
probes. The primers used for CMV were the
same as those used by Demmler et al.'8 These
primers allowed amplification of a 400 base
pair sequence of CMV DNA that codes for a
portion of a late antigen of CMV. 18 Thirty two
independent repeated cycles of the PCR
reaction were done at 94°C for 1 minute, 55°C
for 1 minute, and 72°C for 1 minute in a
thermal cycler (Cetus, Perkin-Elmer, Norwalk,
CT, USA).

Results
The clinical findings and the results of the PCR
study are shown in Table 2. Of the 11 cases of

Table 2 Clinicalfindings and polymerase chain reaction (PCR) results on patients with
clinically suspected viral uveitis

Patient no! PCR results
age (years)!
sex Clinical diagnosis/findings HSV VZV CMV

1/58/M ARN + + - -
2/41/M ARN ++ - -

3/2 1/M Iridocyclitis, KP, IOP increase, iris atrophy, recurrent episode + - -

4/65/M Iridocyclitis, KP, IOP increase, iris atrophy, recurrent episode + - -

5/48/F Iridocyclitis, KP, IOP increase, iris atrophy, recurrent episode + - -

6/18/M Iridocyclitis, KP, IOP increase, iris atrophy, recurrent episode + - -

7/54/M Iridocyclitis, KP, IOP increase, iris atrophy, recurrent episode + - -

8/4/F Chorioretinitis, malignant lymphoma - - +
9/72/F Iridocyclitis, KP, IOP decrease, iris atrophy, recurrent episode - +
10/40/M Comeal endotheliopathy, iridocyclitis +
11/21/F ARN, 6 months after onset

HSV=herpes simplex virus; VZV=varicella zoster virus; CMV=cytomegalovirus; ARN=acute
retinal necrosis; KP=keratic precipitates; IOP=intraocular pressure.

suspected viral uveitis studied, 10 were PCR
positive for one herpesvirus (HSV, VZV, or
CMV). Of the eight HSV-DNA positive
patients, two had ARN, one had corneal
endotheliitis, and five had recurrent irido-
cyclitis. VZV DNA was detected in one case of
iridocyclitis in a patient with pain in the V-1
dermatome, and CMV DNA was detected in
one case of chorioretinitis. The remaining seven
uveitis samples (two cases each of Behcet's
disease, Fuchs' heterochromic iridocyclitis, and
sarcoidosis and one case of Harada's disease),
and the 10 normal aqueous specimens were
negative for HSV, VZV, and CMV.

Only one patient, an immunosuppressed
female (case 8, Table 2) had a marked increase
in serum indirect immunofluorescent IgG anti-
body titres. This was against CMV (1:128,
baseline; 1:2048, week 2), and was first demon-
strable 2 weeks after symptom onset and our
obtaining CMV positive PCR results. HSV
(1:8; 1:16) showed no notable change. The titre
against VZV showed a notable fourfold increase
(1:8, baseline; 1:32, week 2). It is possible, how-
ever, that high titres against VZV may reflect
non-specific polyclonal activation of B cells in
an inflammatory process. For all other patients,
serology was positive for all three herpesviruses
(below 1:16), but the titres were insufficient to
be diagnostically meaningful.

CASE REPORT
On 4 September 1991, a healthy 65-year-old
man (case 4, Table 2) was referred to our clinic
with iridocyclitis and glaucoma in the right eye
unresponsive to treatment with topical steroids

Fig IA

Pig 11

Figure 1 (A) Numerous pigmented keratic precipitates
are observed. (B) Posterior synechia and a small area of
patchy iris atrophy are noted (arrows).

1.
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Fig 2B
Figure 2 (A) Gel electrophoresis profiles ofpolymerase chain reaction for hd
virus (HSV) and varicella zoster virus (VZV). Lane M, 1 kb molecular we
(Gibco BRL). Lane N, negative controlfor the assay (no template added to
reaction). Lanes 1-6, HSV; lanes 7-12, VZV; lanes 1 and 2, acute retinal
(ARN) (cases 1, 2); lanes 3 and 4, clinical uveitis (control patient with sari
4, Table 2); lane 5, empty; lane 6, positive controlforHSVDNA extracted
virus stock; lanes 7 and 8, ARN patients (cases 1, 2); lanes 9 and 10, clinic
(control patient with sarcoidosis, case 4, Table 2); lane 11, empty; lane 12, j
for VZVDNA extractedfrom VZV virus stock. (B) Southern blot hybridisa
the results. The lane orientations are the same as in (A).

after 1 week. Ocular history reveal
rior uveitis in the right eye with g
years previously. He was treated w
steroid and timolol eyedrops, and h
resolved slowly over 2 months.
On 4 December 1991, he ret

recurrent iridocyclitis in the right e
time his intraocular pressures (IO]
and 15 mm Hg in the right an

respectively. Slit-lamp examinati
numerous pigmnented keratic
(Fig 1A). Virus isolation on the ac

rate on Vero cells was unsuccessf
week incubation at 37°C. PCR re
able on the day of the first examir
positive for HSV (Fig 2). On the b
results, we prescribed oral acyclo'
five times daily for 2 weeks), topic
3% ointment five times daily, an
steroid (0-1% prednisolone) three
for 2 weeks. With this regimen, h
resolved completely within 3 weel

There were no further recurrences
month follow up period.

Discussion
Herpetic ocular inflammatory d
problem encountered in both imn
tent and immunosuppressed pa
presents a greater diagnostic dilei
former group because of a low ind
cion. Hence, the need for rapid a
diagnostic tools for herpetic
Accurate differentiation ofHSV fro
CMV has significant therapeutic i]

because the agents for treating these diseases
differ.9 13 We previously reported the use of
PCR to detect HSV DNA in tear specimens
from patients with clinically diagnosed her-

642 hb petic keratitis.12 In the present study, we
assayed for herpesvirus DNA in aqueous
humour specimens from patients with clini-
cally suspected viral uveitis.
By using serial dilutions of cloned HSV and

VZV DNA, amplification by our PCR allowed
the detection of 1 fg of DNA, equivalent to six
or seven copies of HSV or VZV genomes.15
Even with this PCR sensitivity and specificity,
no amplified HSV or VZV DNA was detectable
in the aqueous humour from normal cataract
patients or in patients with active uveitis diag-
nosed as non-viral in aetiology (Behcet's
disease, sarcoidosis, Harada's disease). Of the

642bp 28 patients assayed, all were seropositive for
HSV, VZV, and CMV. Therefore, every clini-
cally diagnosed viral uveitis patient with aque-
ous PCR positive for a herpesvirus was also
seropositive for that virus, but those in the non-
viral uveitis and normal groups were seroposi-
tive but PCR negative on aqueous assay. These

erpes simplex results are consistent with results from a pre-
7ight standard vious study in which CMV, Epstein-Barr virus,the PCI?
necrosis and HSV-1 DNA sequences were not detected
coidosis, case in aqueous specimens from normal donors

oal uvetis despite serological evidence of previous
positive control exposure to these herpesviruses.9
tion confinns Our study suggests that herpesviruses may

play a role in the pathogenesis of uveitis of
unknown aetiology. It is known that HSV or

led an ante- VZV may cause either anterior or posterior
laucoma 10 uveitis. Recurrent iridocyclitis induced by
ith a topical either virus may occur in the absence of overt
Lis condition herpetic ocular disease such as dendritic or

immune keratitis, thus making diagnosis diffi-
turned with cult.23 Similarly, CMV may cause posterior
ye, at which uveitis, which may be difficult to distinguish
Ps) were 29 from retinitis resulting from HSV or VZV.22
Ld left eyes, Complex interactions between the virus and
ion showed host immune system seem to play a key role
precipitates in determining the clinical expression of
lueous aspi- these ocular inflammatory conditions. In the
ful after a 4 absence of other uveitis aetiological factors
!sults, avail- such as collagen vascular disease, the index of
iation, were suspicion of herpesvirus should be raised
asis of these regardless of the patient's immune status.
vir (200 mg PCR detection of a specific viral DNA sup-
cal acyclovir ports a specific clinical diagnosis and has thera-
id a topical peutic implications. In the present study, HSV
times daily DNA was detected in five patients (cases 3-7,

is condition Table 2) with recurrent episodes of unilateral
ks (Fig 1B). iridocyclitis, mild IOP increases, and pig-
s during a 6 mented keratic precipitates. These five patients

responded to treatment with oral (1000 mg per
day for 2 weeks) or topical 3°/O acyclovir oint-
ment and corticosteroid eyedrops. Usui et al16
mainly demonstrated VZV DNA in anterior

lisease is a uveitis patients instead of HSV. We speculate
iunocompe- two possible explanations for the difference
itients, but between that study and ours: (1) we used the
mma in the same primers for the amplification of VZV
[ex of suspi- DNA, but the HSV primers were different
nd accurate from those of Usui et al, so the sensitivity of
infections. PCR for HSV was different. It is probable that
m VZV and our primers for HSV were more sensitive than
mplications, those of Usui et al; (2) regarding anterior
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uveitis cases, Usui et al selected iritis following
chickenpox, iritis with trigeminal neuralgia,
and two cases of herpes zoster ophthalmicus.
Therefore, they selected for VZV patients.
Among patients with clinically diagnosed

ARN, one patient (case 11, Table 2) was
aqueous PCR negative for all three herpes-
viruses. The aqueous from this patient was col-
lected 6 months after disease onset when no

inflammation was apparent and empiric treat-
ment with acyclovir had been completed 3
months before. It is possible that in the late
stage of ARN, few or no infected cells remain
in the aqueous humour specimens.17
The CMV genome was detected in one case

of chorioretinitis in a patient with malignant
lymphoma (case 8, Table 2). In this case, we
detected CMV specific DNA in 1 day and
ganciclovir therapy was initiated based on the
PCR results.
VZV DNA was detected in one case of irido-

cyclitis (case 9, Table 2). This patient had no

dermatitis and her cornea was normal, making
diagnosis difficult. The case was determined to
be one of zoster sine herpete by aqueous PCR
assay.23 This patient was treated successfully
with high dose acyclovir (800 mg five times
daily for 2 weeks) plus gamma globulin (2-5
g/day for 5 days).

Except for one case (case 8), patients in this
study were basically healthy and immunocom-
petent. Yet, we detected herpesvirus DNA in
the aqueous humour of those with suspected
viral aetiology of disease. This may result from
the incidental shedding of herpesvirus into the
aqueous humour that was unrelated to the
disease, or from reactivated virus inciting
inflammation. However, the former is not

likely, because no amplification of herpesvirus
DNA was demonstrable in the aqueous

humour in the patients with other types of
uveitis and in patients undergoing cataract

surgery. Moreover, our herpesvirus suspect

patients responded to the use of topically
applied or systemically administered acyclovir.

In this study, we investigated a PCR assay

for detecting herpesvirus DNA in the aqueous

humour of 18 patients with uveitis, 11 of sus-

pected viral aetiology, and seven with other
established aetiologies. The PCR results were

well matched with the clinical diagnoses, indi-
cating that PCR is a useful and rapid diag-
nostic tool for supporting clinical observations
in uveitis.
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