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Abstract
Background To determine whether rubella virus is involved
in the pathogenesis of Fuchs heterochromic iridocyclitis
(FHI).
Methods Fourteen patients (14 eyes) diagnosed with FHI
based on characteristic ocular manifestations and eight
control subjects were studied. Aqueous humor (AH)
samples from 14 FHI patients and one vitreous sample
from a FHI patient were analyzed for intraocular antibody
production against rubella virus by calculation of the
Goldmann–Witmer coefficient (GWC). Viral detection by
nested polymerase chain reaction and isolation by culture in
RK-13 cells were conducted in nine FHI patients. In
addition to laboratory examinations, medical history of
rubella virus vaccination was also obtained.
Results Ten patients with FHI examined showed intraoc-
ular synthesis of rubella virus antibodies (GWC>3). A
high index of rubella virus antibody production was also
found in the vitreous sample (GWC=30.6). GWC in all
control subjects were below detectable level. The rubella
genome was detected in two of nine patients, and rubella
virus was isolated from one of nine patients with FHI. None of
the patients with FHI had been vaccinated against rubella.

Conclusions Our laboratory data strongly suggest a relation-
ship between FHI and rubella virus.
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Introduction

Fuchs heterochromic iridocyclitis (FHI) is an intraocular
inflammatory disease that constitutes approximately 0.5% to
6.2% of all cases of uveitis [1, 2]. FHI usually occurs in only
one eye. Common clinical manifestations are: (1) chronic
low-grade iridocyclitis including keratic precipitates, (2) iris
heterochromia, atrophy or both, (3) absence of synechiae,
and (4) early cataract [3, 4]. Complications such as glaucoma
and vitreous opacities have been reported in 14.8% of
patients with FHI [5]. Patients may remain asymptomatic for
years, and diagnosis is often made by a decrease in visual
acuity secondary to cataract which was observed in 77.8% at
presentation. Therefore, it is difficult to detect FHI at the
early stage and to prevent disease progression.

The etiology of FHI remains unknown. Because of the
association between FHI and Horner’s syndrome, sympa-
thetic nerve dysfunction was considered to be a cause of
FHI [6]. Saari et al. [7] also reported vascular abnormality
of the iris in patients with FHI, as demonstrated by
fluorescein angiography. In addition to the organic abnor-
malities in patients, some infectious agents such as
Toxoplasma gondii [8], herpes simplex virus (HSV) [9]
and cytomegalovirus (CMV) [10], as well as auto-antigens
[11, 12] have been proposed as possible causes of FHI.
Recently, several studies have implicated rubella virus
infection as a possible etiological agent of FHI [13–16].
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However, it is suggested that intraocular presence of rubella
virus is not necessary for the development of FHI [13, 16].

The objectives of the present study were to verify the
relationship between rubella virus infection and FHI by
examining intraocular antibody production and detecting
viral RNA by polymerase chain reaction (PCR), and to
attempt to isolate rubella virus from aqueous humor of FHI
patients to confirm the intraocular presence of the virus.

Material and methods

Fourteen Japanese patients (14 eyes) with FHI who
attended the uveitis clinic of Tokyo Medical University
Hospital between 2006 and 2009 were enrolled in this
retrospective review. The study was approved by the
institutional review board.

Diagnosis of FHI was based on characteristic ocular
manifestations including chronic anterior intraocular inflam-
mation, keratic precipitate, absence of posterior synechiae,
heterochromia or anterior stromal iris atrophy, and secondary
cataract. The demographics and clinical background of the
patients with FHI are shown in Table 1.

As controls, eight Japanese patients with other types of
uveitis comprising sarcoidosis (one), Posner–Schlossman
syndrome (one), herpetic iritis (one), Behçet disease (one)
and unclassified intraocular inflammation (four) were
selected. The diseases of the control patients were clearly
differentiated from FHI by clinical manifestations and
laboratory studies. Demographics of FHI patients and
controls are listed in Table 2.

Aqueous humor (AH) samples were obtained from all
FHI patients during surgery for secondary cataract or
secondary glaucoma. All patients with FHI had no or low-
grade ocular inflammatory activity at the time of sample
collection. One vitreous humor (VH) sample was also
obtained during vitrectomy for vitreous opacity. Rubella
antibody titers in intraocular fluid (AH and VH) and serum
samples from 14 FHI patients were determined by
fluorescent antibody (FA) and enzyme immunoassay
(EIA) techniques. Paired intraocular fluid and serum
samples from each patient were tested at the same time.
The Goldmann–Witmer coefficient (GWC) was calculated
as follows: quantity of rubella virus-specific IgG/total IgG
in intraocular fluid divided by rubella virus-specific IgG/
total IgG in serum. A GWC value exceeding 3 was
considered to indicate local antibody production, as
described previously [14].

Rubella virus detection and isolation were conducted
using AH samples from the nine most recent FHI patients
(cases 6 to 14). For rubella virus isolation, RK-13 cells
were inoculated with AH and incubated, and the cell
cultures were serially passaged. The RK-13 cells were lysed
by rapid freezing and thawing, and the lysate obtained was
used for reverse transcription-polymerase chain reaction
(RT-PCR). For rubella virus detection from ocular samples,
total RNA was extracted from the samples using the High
Pure Viral RNA kit (Roche Diagnostics, UK). For detecting
rubella viral RNA, two nested RT-PCR were conducted for
two parts of the E1 gene, designated as E1-2 region
(466 bp) and E1-3 region (423 bp). The primer designs
used for RT-PCR were listed in Table 3. The first round RT-
PCR was performed as follows: 50°C for 30 min, followed
by 95°C for 5 min, then 40 cycles of 90°C for 30 s, 61°C
for 30 sand 72°C for 1 min., and 72°C for 5 min. For the
nested PCR, 25 cycles of 98°C for 10 s, 59°C for 30 s (E1-
2 region) or 66°C for 30 s (E1-3 region) and 72°C for 45 s

Table 1 Demographic and clinical background of 14 patients studied

Case Age Gender Medical history

Rubella infection Rubella vaccination

1 55 male + –

2 50 female + –

3 47 female – –

4 60 male + –

5 41 male + –

6 50 male + –

7 39 male + –

8 26 female – not known

9 36 female + –

10 27 male + –

11 51 male not known –

12 62 female + –

13 39 female + –

14 54 female + –

FHI Control

Cases 14 8

Male 7 (50%) 3 (38%)

Female 7 (50%) 5 (62 %)

Age (years) 45.5 (27–62) 69.5 (45–85)

Intraocular antibody production against RV 10/10a (100%) 0/8 (0%)*

Table 2 Demographics and
clinical characteristics of FHI
and control patients

RV: rubella virus, a : Goldmann–
Witmer coefficient could not be
calculated in four cases due to
insufficient ocular sample for IgG
measurement

*: p<0.01: Fisher’s exact test
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were conducted. The PCR products were confirmed by
electrophoresis in 1.5% agarose gel.

In addition to laboratory examinations, medical history
related to exposure to rubella (vaccination or infection) was
also obtained.

Results

Antibody titer and GWC for rubella virus

We attempted to measure rubella antibody titers and
determine GWC using paired AH and serum samples
collected from 14 patients with clinically definite FHI.
Ten FHI patients demonstrated intraocular synthesis of
rubella virus antibodies (GWC>3) with median GWC of
45.1 (total range 5.7–186.1) (Fig. 1). In the remaining four
patients with FHI (cases 11 to 14), total IgG in AH could
not be measured because of inadequate AH samples, and
therefore GWC could not be determined, although rubella
antibody was positive in their AH samples (case 11:
32.5 IU, case 12: 130 IU, case 13: 20 IU, case 14:

28.5 IU). None of the control subjects had antibodies
against rubella in AH samples and GWC values were below
detectable level. The rates of intraocular antibody synthesis
were significantly different (P<0.01; Fisher’s exact test)
between patients with FHI (ten of ten) and control patients
(none of eight) (Table 2).

The vitreous sample from one FHI patient (case 6) was
also examined. The rubella antibody titer in the VH sample
was ×160, and total IgG was 14.9 mg/dl. The GWC of VH
was high (GWC=30.6).

Rubella virus gene detection from AH and lens anterior
capsule

Using RT-PCR, the rubella genome was detected in two of
nine AH samples from FHI patients (cases 6 and 7). Virus
detection was confirmed by two primer sets targeting the
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Fig. 1 Evaluation of the rubella virus Goldmann–Witmer coefficient
(GWC) values of ten patients with FHI and eight control patients. The
median value of FHI patients is indicated by a horizontal black line.
The threshold GWC value 3 is indicated by the dashed line. The GWC
value is presented in a logarithmic scale

Table 3 Primers for rubella virus RT-PCR

Region PCR Primer Sequence

E1-2 First E1-2F 5′- AGCGACGCGGCCTGCTGGG

E1-2R 5′- CCAGCGCGTATGTGG AGTCC

Nested E1-6F 5′- ACACCGTGATGAGCGTGTTC

E1-10R 5′- ATGT GGAGTCCGCACTTGCG

E1-3 First E1-7F 5′- TTGTGGGGGCCACGCCAGAG

E1-12R 5′- TGTGTGCCATACACCA CGCC

Nested E1-3F 5′- CGGCGAGGTGTGGGTCACGC

E1-3R 5′- ACCCGCGCGCTCGCGCGATC

Fig. 2 Representative results of
the detection of rubella virus
gene from ocular samples of
case 6 using two nested RT-
PCR. Lanes 1 and 2 indicate the
PCR products of E1-2 and E1-3
regions, respectively. Lane M
shows the 100 bp DNA ladder
markers. Cap; lens anterior
capsule, AH; aqueous humor.
Note that the PCR products
from AH are positive for rubella
virus

Fig. 3 Detection of rubella virus gene using RT-PCR from different
passages of RK-13 cells inoculated with aqueous humor sample
collected from case 7. Lanes 1-5 show the PCR results of E1-2 region,
and lanes 6-10 show the PCR results of E1-3 region. Lanes 1-3 and 6-
8 are the results from passages 1 to 3, respectively, of RK-13 cells
inoculated with AH. Lanes 4 and 9 indicate negative control and lanes
5 and 10 indicate positive control. Lane Ms are 100 bp DNA ladder
markers. Note that the PCR products from the 3rd passages of RK-13
cell are positive for rubella virus
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E1 gene of rubella virus. The representative data of RT-
PCR are shown in Fig. 2.

Rubella virus isolation from AH

Rubella virus isolation was attempted in nine patients with FHI
(Cases 6 to 14). Rubella virus was isolated from one patient
with FHI (case 7). The results of RT-PCR obtained from
lysates of various passages of RK-13 cells are shown in Fig. 3.

Medical history of rubella vaccination and infection

Fourteen patients with FHI were questioned for a medical
history of rubella vaccination and infection (Table 1). None
of the patients with FHI had been vaccinated against
rubella, although one patient was uncertain. A previous
medical history of rubella infection was confirmed in 11
cases.

Discussion

Many previous reports have speculated the etiology of FHI,
but recent reports of the relationship between rubella virus
and FHI have renewed the interest. Quentin et al. [13]
demonstrated the existence of rubella virus in AH by GWC
determination and PCR assay, and de Groot-Mijnes et al.
[14] confirmed the presence of rubella infection by
calculating GWC. In this study, we also demonstrated rubella
infection in AH and VH by GWC determination and PCR
assay. The epidemiologic observation revealed reduced
incidence of FHI following the introduction of vaccination
against rubella virus [15]. None of our patients with FHI had
received vaccination against rubella virus. Together with
previous reports, these results confirmed the relationship
between FHI and rubella virus.

With regard to the diagnosis of FHI, Ruokonen et al.
[16] reported the usefulness of determining intraocular
antibody production rather than detecting the virus gene by
RT-PCR. In their report, intraocular antibody production
against rubella virus was found in all cases, whereas only
two of 20 cases had positive results for PCR. In our study,
the rate of rubella antibody proportion was 10/10 and that
of virus gene detection by PCR was 2/9, and these findings
agree with Ruokonen’s report.

On the other hand, rubella virus was isolated from the AH
of one FHI patient in this study. Except with the congenital
rubella syndrome, rubella virus is transmitted by the respira-
tory route, and replicates in the nasopharynx and lymph nodes
and then spreads throughout the body causing fever and rash
[17]. The general perception is that there is no carrier state
and the reservoir exists only in active human cases.
Therefore, it is unclear whether the virus detected and

isolated from aqueous humor in the FHI patient was from
acute infection, re-infection or re-activation of latent virus. In
the case of congenital rubella syndrome, rubella virus may
persist in the lens for many years [18]. We also tried to detect
rubella virus from the lens anterior capsule in case 6 using
RT-PCR, but the result was negative.

Since rubella virus has not been hitherto isolated from
intraocular fluid of FHI patients, the genetic characters of
rubella virus associated with FHI are unknown. In Japan,
no nationwide epidemics of rubella have been documented
since 1992 [19], but small outbreaks in local areas have
been observed, and the virus genotypes isolated in various
outbreaks were different [20]. By studying the genealogical
background of rubella virus strains isolated from patients
with FHI, it may be possible to determine the time of
infection and the strain(s) with a predilection to induce FHI.
Moreover, antigen-specific immune reaction has been
suspected to play a role in the pathogenesis of FHI, based
on the results of restriction of infiltrated T cells [21] and
polymorphisms of cytotoxic T cell antigen 4 [22]. Analysis
of the specific genetic modification of the rubella virus may
clarify the characteristics and the tropisms of the virus.
Efforts to isolate and characterize the virus from intraocular
sites will elucidate the pathomechanism of FHI. Further
investigations are warranted.

In summary, isolation of rubella virus from intraocular
specimens of FHI patients is difficult. To the best of our
knowledge, this is the first report of isolation of rubella
virus from the aqueous humor of a patient with FHI.
Intraocular existence of rubella virus in an FHI patient is a
very interesting finding when considering the mechanism
of FHI development. Although the number of samples
examined in this study was small, the results confirm a
relationship between rubella virus and FHI. Further inves-
tigations, especially in the isolation and characterization of
rubella virus strains associated with FHI, are warranted.
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