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Abstract: Background and Objectives: A cross-sectional single-center study was conducted to inves-
tigate the etiology in hypertensive anterior uveitis whose clinical features are not fully distinctive
from cytomegalovirus or from rubella virus and to demonstrate the possible coexistence of both these
viruses in causing anterior uveitis. Materials and Methods: The clinical charts of a cohort of patients
with hypertensive viral anterior uveitis of uncertain origin consecutively seen in a single center
from 2019 to 2022 were retrospectively reviewed; data on the clinical features, aqueous polymerase
chain reaction, and antibody response to cytomegalovirus and rubella virus were collected. Results:
Forty-three eyes of as many subjects with viral anterior uveitis of uncertain origin were included.
Thirty-two patients had an aqueous polymerase chain reaction or antibody index positive to cy-
tomegalovirus only, while 11 cases had an aqueous antibody response to both cytomegalovirus and
rubella virus. This latter overlapping group had a statistically significant higher rate of hypochromia
and anterior vitritis (p-value: 0.02 and < 0.001, respectively). Conclusions: The simultaneous presence
of intraocular antibodies against cytomegalovirus and rubella virus could redefine the differential
diagnosis of hypertensive viral anterior uveitis, demonstrating a possible “converged” immune
pathway consisting in a variety of stimuli.

Keywords: overlapping viral anterior uveitis; cytomegalovirus; rubella virus; Fuchs Uveitis; antibody
index

1. Introduction

Viral anterior uveitis (VAU) represents a group of uveitis that account for 4.5-18.6% of
all uveitis in the Caucasian populations of developed countries [1]. It must be suspected in
the presence of granulomatous keratic precipitates (KPs) and elevated intraocular pressure
(IOP). The most commonly implicated viruses in VAU include herpes simplex virus (HSV),
varicella-zoster virus (VZV), cytomegalovirus (CMV), and rubella virus (RV) [2,3]. Several
studies have indicated that each virus has its own predictive features in terms of KPs,
endotheliitis, iris atrophy, hypochromia, iris nodules such as Koeppe’s nodules, cataract,
and anterior vitritis [4-6]. For example, in herpetic anterior uveitis, “mutton fat” KPs in
a triangular arrangement (Arlt’s triangle) below the horizontal midline and sectorial iris
atrophy are frequent findings, the latter much more extended and defined in the case of
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VZV [7,8]. However, it is common to find doubtful cases with a similar, mystifying clinical
picture—in particular, in the differential diagnoses between CMV and RV anterior uveitis.
Therefore, it is often not possible to identify with certainty the viral etiology of the uveitis
without resorting to an aqueous humor analysis. Aqueous polymerase chain reaction
(PCR) and antibody diagnostics can considerably increase VAU diagnostic sensitivity and
specificity [9,10].

RV is currently considered the main causative agent of Fuchs uveitis (FU), first de-
scribed in the early twentieth century by the homonymous Austrian ophthalmologist [11].
In the early 2000s, Quentin and Reiber first showed that RV-specific antibodies were de-
tected in the anterior chamber in 87% of the eyes affected by FU [12]. Since then, numerous
studies have evidenced a tenacious association between RV and FU in predominantly
Caucasian populations, thanks to the aqueous/serum ratio quantitative antibody analy-
sis [13-15]. RV anterior uveitis is difficult to diagnose by RV RNA detection alone, because
positive PCR is not reliable. Indeed, many studies have shown that 10-20% of suspected
cases were PCR-positive, whereas 87-100% of AH samples were RV-IgG-positive [12,16,17].
However, while some authors stated that CMV can also cause FU in the Asian popula-
tion in 16-42% of cases of FU, on closer inspection, the CMV-associated FU cases often
present with features that differ from those of RV-associated cases, including different KP
morphology or the absence of vitritis [18]. It is important to underline the epidemiology:
the prevalence of CMV infection in the Asian population with VAU is higher than that
in the West, possibly because of its apparently higher seroprevalence in Asian countries
(approximately 69.1-98.6%) than in the West (approximately 41.9-57%) [18,19]. Instead,
RV infection is much more diffuse in the Caucasian than in the Asian population. Dif-
fering genetic susceptibilities or pathogenic strains of these viruses may give rise to this
geographic disparity [19]. In particular, different ethnic groups may imply the presence
of a distinct and specific cytokine profile implicated in the pathogenesis of FU; indeed,
Xu et al. showed that, in Chinese patients, macrophage inflammatory protein (MIP)-1f3 is
an important chemokine in the intraocular environment of FU [20]. However, it should
be noted that there is currently no universal gold standard for the diagnosis of FU, as
evidenced by the diagnostic and classification criteria recently proposed by Caucasian and
Asian authors [21,22].

The differential diagnosis between CMV and RV anterior uveitis is sometimes chal-
lenging; in these cases, performing an aqueous tap for the analysis of aqueous humor to
search for CMV and RV antibody responses is essential to planning targeted treatments. In
fact, this aqueous tap consistently affects therapeutic behavior, because the management
of CMV anterior uveitis involves the use of topical or systemic antivirals, topical steroids,
and topical antiglaucoma medications, while, in RV anterior uveitis, topical steroid drugs
are not indicated, because inflammation is low-grade and because they may also speed up
cataract and glaucoma formation. The treatment of RV anterior uveitis should therefore aim
only to control IOP with antiglaucoma medications and/or laser or surgical procedures.

However, the literature seems to consider CMV and RV anterior uveitis as mutually
exclusive, even if clinical manifestations of these uveitides can overlap: in other words, if an
eye is affected by CMYV, it cannot be considered affected by RV. In this study, we set out to
demonstrate the possible coexistence of both CMV and RV in causing certain hypertensive
VAU by analyzing the intraocular antibody production.

2. Materials and Methods

This retrospective study included consecutive patients with VAU of uncertain origin
who were referred to the Ocular Immunology Unit, Azienda USL-IRCCS di Reggio Emilia,
Italy, between January 2019 and March 2022.

All subjects had to meet the following criteria to be considered in the study:

- recurrent unilateral granulomatous hypertensive anterior uveitis (IOP > 21 mmHg)
without posterior synechiae or sectoral iris atrophy or epithelial-stromal keratitis;
- negative QuantiFERONO-TB Gold and TPHA-VDRL tests;



Medicina 2022, 58, 1054

30f10

- normal serum lysozyme and angiotensin-converting enzyme levels;

- execution of an anterior chamber paracentesis in the affected eye for laboratory tests
during the active phase of uveitis; additionally, patients had not received topical or
systemic antivirals or steroids for at least 2 weeks before the anterior chamber tap.

The laboratory tests on the extracted aqueous humor were the antibody index (AlI) for
RV as a parameter of the intraocular synthesis of specific antibodies against RV and the
PCR or the Al for CMV.

Quantitative CMV DNA was amplified from aqueous humor by real-time PCR accord-
ing to the manufacturer’s protocols (CMV ELITe MGB® Kit).

Intraocular fluid and serum were analyzed with immunochemical nephelometry
(Siemens, Germany) to quantify the albumin and total immunoglobulin G (IgG). Antigen-
specific IgG against CMV and RV were measured using a commercially available one-point
quantification ELISA assay (Enzygnost, Siemens, Germany) according to the manufac-
turer’s instructions. A specific Al is a modified Goldmann-Witmer coefficient (GWC)
that was calculated for CMV and RV, as previously described [23]. Briefly, the measured
optical density was evaluated as an arbitrary unit by reference to a standard curve. Af-
ter multiplication with the dilution factor, we calculated the specific antibody quotient,
QlgGspec = IgGspec (aqueous humor)/IgGspec (serum), and total antibody quotient Qlg-
Gtot = IgGtot (aqueous humor)/IgGtot (serum) using the aqueous humor and serum
antibody concentrations. To determine the Al, it is necessary to calculate the Qlim (upper
limit in the Reiber quotient diagram), which represents the discrimination line defined
as 0 mg/L of the local synthesis of the antibodies, i.e., the maximum value of passively
filtered immunoglobulins from the serum in certain conditions of the barrier state [24]. In
general, the cases without the local synthesis of IgG in aqueous humor are below this line.
Therefore, specific Al represent an evolution of the GWC, considering the permeability of
the blood—ocular barrier. In our study, intraocular antibody production was considered
positive if it was detected, regardless of the value.

The clinical features considered in the statistical analysis were the age at diagnosis
in years, the diagnostic delay in months, sex, IOP, endothelial cell count, the presence
of endotheliitis, iris atrophy, hypochromia, stellate precipitates, coin-shaped precipitates,
Koeppe’s nodules, cataract, and anterior vitritis.

The study was conducted in agreement with the principles of the Declaration of
Helsinki and received approval by the local ethics committee (protocol n. 0068784 /2019
Comitato Etico dell’Area Vasta Emilia Nord, Italy).

Statistical Analyses

The continuous variables are expressed as the mean =+ standard deviation (SD) and
the categorical variables as absolute frequencies and percentages. Comparisons among the
groups were performed using Student’s t-tests and chi-square tests. A p-value < 0.05 was
considered significant. Statistical analysis was carried out using SPSS v. 28 (IBM Statistics).

3. Results

Forty-three eyes of as many subjects with VAU of uncertain origin were included.
All patients (27 males (62.8%) and 16 females (37.2%) with a mean age at diagnosis of
53 £ 15 years) were Caucasian. The aqueous humor analysis revealed the presence of CMV
in each case, with the following differences: 32 patients (74.4%) had a PCR or antibody
response to CMV only, while 11 cases (25.6%) had an antibody response to both CMV and
RV. The demographic, laboratory, and clinical features of the two groups are summarized
in Table 1. These two groups were comparable in terms of age at diagnosis, diagnostic
delay, and sex. The pure CMV group had 12/32 (37.5%) positive PCR and 29/32 (90.6%)
positive Al, while the overlapping CMV-RV group had 2/11 (18.1%) positive CMV-PCR,
11/11 (100%) positive CMV-AI, and 11/11 (100%) positive RV-AI. The values for Al and
the corresponding GWC are listed in Appendix A (Table Al for the pure CMV group
and Table A2 for the overlapping CMV-RV group). There were no statistically significant
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differences between the two groups in terms of the IOP, endothelial cell count, presence of
endotheliitis, iris atrophy, stellate precipitates, coin-shaped precipitates, Koeppe’s nodules,
or cataract. The only differences were hypochromia, which was much more present in the
overlapping CMV-RV group (p-value: 0.02), and above all, the presence of anterior vitritis,
highly predictive of the same group (p-value < 0.001).

Table 1. Descriptive table of demographic, laboratory, and clinical characteristics. Data are presented
as the mean values & SD or # (%); ns: not statistically significant; CMV: cytomegalovirus; RV: rubella
virus; PCR: polymerase chain reaction; Al: antibody index; IOP: intraocular pressure.

Pure CMV Anterior Overlapping CMV-RV

Uveitis (n = 32) Anterior Uveitis (n = 11)
Mean =+ SD or n (%) Mean =+ SD or n (%) p-Value
Age at Diagnosis, Years 56 £15 50 £15 ns
Diagnostic delay, months 126 £+ 154 67 + 66 ns
male 19 (59.4) 8(72.7) ns
Sex female 13 (40.6) 3(27.3) ns
CMV-PCR (+) 12 (37.5) 2(18.2) ns
CMV-AI (+) 29 (90.6) 11 (100) ns
CMV-Al value 12.8 £ 22 10.0 £15.2 ns
IOP, mmHg 30.8 £ 6.9 27 £3.2 ns
Endothelial cellzcount, 2204 + 578 2016 + 742 ns
cells/mm
Endotheliitis 10 (31.3) 3(27.3) ns
Iris atrophy 2 (6.3) 3(27.3) 0.06
Hypochromia 4(12.5) 5(45.5) 0.02
Stellate precipitate 0 (0) 1(11.1) ns
Coin-shaped precipitate 13 (48.1) 4(444) ns
Koeppe’s nodules 0(0) 1(9.1) ns
Cataract 17 (53.1) 8(72.7) ns
Anterior vitritis 2 (6.3) 6 (54.5) <0.001

4. Discussion

In this retrospective study, we analyzed the laboratory and clinical data of 43 patients
with VAU of uncertain origin, demonstrating the possibility of the simultaneous presence
of intraocular antibodies against CMV and RV and identifying some clinical findings:
hypochromia and anterior vitritis, which allow a distinction from pure CMV uveitis.

CMV has a spectrum of ocular signs. However, along with usually being unilateral, it
has been described that the presence of a few coin-shaped KPs has a positive predictive
value of 90.9% for CMV [25]. In every CMV anterior uveitis, the pupil remains round, and
posterior synechiae are absent. Vitreous inflammation is mild or typically absent. In some
cases, the uveitis may be complicated by corneal endotheliitis, in which the endothelial
cells are the primary target of CMV infection. Immune ring formation may be seen in CMV
endotheliitis [18].

Interestingly, the literature shows differences between Asian and European patients in
terms of clinical presentation. Chronic CMV anterior uveitis in the eyes of Asian patients
resembles FU, while European patients have fewer KPs, which are located inferiorly
and are characteristically coin-shaped. Therefore, CMV anterior uveitis is one of the
most challenging diagnoses in immunocompetent patients; we previously reported that
laboratory analyses using PCR and Al are useful and complementary to improving the
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diagnostic accuracy for CMV anterior uveitis [26]. In our report, 37.5% and 90.6% of
patients belonging to the pure CMV group had positive PCR and positive Al for CMV,
respectively. These results highlight the greater sensitivity of antibody detection in aqueous
humor compared to PCR and confirm those reported in previous studies [26,27].

IOP increases during the course of the disease, with the maximum IOP in this type of
uveitis generally higher than that in HSV or VZV anterior uveitis. Secondary glaucoma
requiring surgery is the most common complication, followed by posterior subcapsular
cataract due to chronic uveitis or to the use of topical corticosteroids to reduce intraocular
inflammation [18].

FU is characterized by chronic low-grade inflammation involving the anterior uvea
and vitreous humor [13]. The diagnosis of FU is clinical, which explains why most of
these uveitides do not need the support of an aqueous humor analysis; however, it has
been widely demonstrated that RV is the main causative agent of FU, especially in the
Caucasian population [13,15,28-30]. One of the most peculiar findings is the presence of
white small-to-medium-sized stellate KPs that are characteristically distributed diffusely
over the endothelium [31]. The major iris finding in FU patients is heterochromia, generally
subtle or absent in dark or brown irises, whereas it is prominent in light-colored ones, even
if heterochromia may be present in less than 40% of patients with FU [32]. Iris nodules have
been observed on the iris surface (Busacca nodules) or at the pupillary margin (Koeppe’s
nodules) in about 20-30% of FU in a cases series [32-34]. Another iris feature is the
absence of posterior synechiae [35]. Although FU is most commonly unilateral, bilateral
involvement is possible (10%), detected almost always at the baseline rather than during a
follow-up [32]. Since low-to-moderate vitritis is seen in the vast majority of FU patients,
it should be considered a major diagnostic element [29,36]. Gradual progression of the
disease is associated with cataract formation and glaucoma. Cataract is the most common
complication, usually presenting in its posterior subcapsular form. Hence, FU diagnosis
should be excluded in any young patient with unilateral lens opacification and no history
of trauma or steroid use [37]. The elevations in IOP are initially intermittent but can later
become chronic, and secondary glaucoma has been frequently reported in FU patients [38].

CMV and RV both represent an important cause of anterior uveitis and present com-
mon features, such as the absence of posterior synechiae and the presence of subcapsular
cataract, also due to the inappropriate use of topical steroids. Clinical phenotypes can vary
widely among both viruses, but it is not uncommon in clinical practice to find features
simultaneously predictive of both CMV and RV anterior uveitis. Specifically, it is possible to
find areas of iris atrophy that determine a more or less evident hypochromia, the presence
of subcapsular cataract, or a few coin-shaped KPs mixed with stellate KPs (Figure 1). Our
study found that anterior vitritis was almost completely absent in the pure CMV group,
while it was present in the overlapping CMV-RV one (Figure 2); this could be a sign of the
presence of RV, which is the main virus to determine the anterior vitritis among the viruses
that induce VAU. These overlapping uveitides have never been described as a separate
entity but have always traced back to a specific type of uveitis. In our case series, Al demon-
strates the simultaneous presence of CMV and RV. We speculate that both viruses contribute
to determining these particular forms of anterior uveitis. The practical implication is that
uveitis that would not have been treated if they had been RV anterior uveitis alone would
nevertheless benefit from the treatment against CMV; this clinical improvement would
otherwise have not been achieved. Our results reiterate the importance of performing not
only molecular diagnostics with PCR but also of searching for the antibody response—in
particular, in the Al form—to increase the diagnostic sensitivity [16,26-28].

To the best of our knowledge, this is the first study that has highlighted the possible
coexistence of both CMV and RV in causing overlapping VAU. However, this study has
certain limitations. First, this was a retrospective analysis, which limited the consistency
of the data. Second, the small sample size decreased the power of our statistical analysis.
Third, this was a single-center study. Fourth, the two groups were not homogeneous—in
particular, a small number of the overlapping CMV-RV group compared to the pure CMV
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one. Further prospective multicenter studies considering randomized groups and also
including pure RV anterior uveitis are needed to confirm our results.

Figure 1. Few coin-shaped KPs mixed with stellate KPs in the overlapping CMV-RV group.

Figure 2. Anterior vitritis in the overlapping CMV-RV group.

5. Conclusions

VAU could derive from simultaneous intraocular immune responses against CMV and
RV, demonstrating a possible “converged” immune pathway following a variety of stimuli.



Medicina 2022, 58, 1054

7 of 10

Author Contributions: Conceptualization, FG. and L.C.; Data curation, L.B., PG., VM., M.B. and
S.C.; Formal analysis, R.A.; Investigation, F.G., P.G. and FA.; Methodology, L.B., R.A., VM., M.B.
and S.C.; Resources, P.G. and L.D.S.; Software, L.B. and V.M.; Supervision, A.Z., GM.C., C.S. and
L.C.; Validation, E.B. and F.A.; Visualization, L.D.S.; Writing—original draft, EG.; and Writing—
review and editing, A.Z., C.S. and L.C. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the Azienda Unita Sanitaria Locale-IRCCS of Reggio Emilia,
Reggio Emilia, Italy.

Institutional Review Board Statement: The study was conducted in agreement with the principles
of the Declaration of Helsinki and received approval by the local ethics committee (protocol n.
0068784/2019 on 5 June 2019 Comitato Etico dell’Area Vasta Emilia Nord, Italy).

Informed Consent Statement: All subjects included in the study had given consent to the processing
of their anonymized personal health data at their first visit to the Ocular Immunology Unit, Azienda
USL-IRCCS di Reggio Emilia.

Data Availability Statement: The data are contained within the article or in Appendix A.
Acknowledgments: Thanks to Jacqueline M. Costa for the English language editing.

Conflicts of Interest: All authors certify that they have no affiliations with or involvement in any
organization or entity with any financial interest (such as honoraria; educational grants; participation
in speakers’ bureaus; membership, employment, consultancies, stock ownership, or other equity
interest; and expert testimony or patent licensing arrangements) or nonfinancial interest (such as
personal or professional relationships, affiliations, knowledge, or beliefs) in the subject matter or
materials discussed in this manuscript.

Appendix A

Table A1l. Pure CMV group values for Al and the corresponding GWC; nd: not determinable.

CMV-PCR CMV-PCR CMV-AI CMV-AI CMV-GWC
Patient (0 = Negative; Value (0 = Negative; Value Value

1 = Positive) (Copies/mL) 1 = Positive) (n) (n)
1 88,801 1 11.5 11
2 0 nd 1 0.5 0.5
3 1 1692 1 12 12
4 0 nd 1 4.1 42
5 0 nd 1 2.3 2.3
6 0 nd 1 0.6 0.7
7 0 nd 1 2 2
8 0 nd 1 59 59
9 0 nd 1 55 54
10 1 250 1 0.6 0.6
11 0 nd 1 0.9 0.5
12 1 136 1 20 19
13 0 nd 1 1.1 1.2
14 0 nd 1 2 2
15 0 nd 1 55 53
16 0 nd 1 2.4 1.3
17 1 133,000 1 6.3 6.3
18 0 nd 1 1.9 1.9
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Table A1. Cont.
CMV-PCR CMV-PCR CMV-AI CMV-AI CMV-GWC
Patient (0 = Negative; Value (0 = Negative; Value Value

1 = Positive) (Copies/mL) 1 = Positive) (n) (n)
19 0 nd 1 34 3.6
20 0 nd 1 99 100
21 0 nd 1 32 3.2
22 1 455 1 51 51
23 0 nd 1 1.2 2
24 0 nd 1 45 50
25 1 3716 0 nd nd
26 1 574 1 46 42
27 1 282 0 nd nd
28 0 nd 1 1.2 1.1
29 1 850 1 1 1
30 1 753,702 0 nd nd
31 0 nd 1 6.3 8
32 1 4511 1 30 30

Table A2. Overlapping CMV-RV group values for Al and the corresponding GWC; nd: not determinable.

CMV-PCR CMV-PCR CMV-AI CMV-AI CMV-GWC RV-AI RV-AI RV-GWC
Patient (0 = Negative; Value (0 = Negative; Value Value (0 = Negative;  Value Value

1=Positive) (Copies/mL) 1= Positive) (n) (n) 1 = Positive) (n) (n)
33 0 nd 1 0.8 0.8 1 55 56
34 0 nd 1 19.9 20 1 0.7 0.7
35 0 nd 1 1.3 1.3 1 1 1
36 0 nd 1 1.2 1.2 1 6.1 6
37 0 nd 1 0.7 0.1 1 0.6 0.1
38 0 nd 1 1.3 0.7 1 50 50
39 1 767 1 50 50 1 0.5 0.5
40 1 439 1 18 17 1 0.9 0.9
41 0 nd 1 1.5 1.5 1 0.8 0.8
42 0 nd 1 13.5 13.5 1 1.2 1.2
43 0 nd 1 1.5 21 1 18 15

References

1. Jap, A.; Chee, S.P. Viral anterior uveitis. Curr. Opin. Ophthalmol. 2011, 22, 483-488. [CrossRef] [PubMed]
2. Relvas, L], Caspers, L.; Chee, S.P.; Zierhut, M.; Willermain, F. Differential Diagnosis of Viral-Induced Anterior Uveitis. Ocul.
Immunol. Inflamm. 2018, 26, 726-731. [CrossRef] [PubMed]

3.  Lambert, N.; Strebel, P.; Orenstein, W.; Icenogle, J.; Poland, G.A. Rubella. Lancet 2015, 385, 2297-2307. [CrossRef]

4. Groen-Hakan, F; Babu, K.; Tugal-Tutkun, I.; Pathanapithoon, K.; de Boer, ]. H.; Smith, J.R.; De Groot-Mijnes, ].D.; Rothova, A.
Challenges of Diagnosing Viral Anterior Uveitis. Ocul. Immunol. Inflamm. 2017, 25, 710-720. [CrossRef]
5. Pleyer, U.; Chee, S.P. Current aspects on the management of viral uveitis in immunocompetent individuals. Clin. Ophthalmol.
2015, 9, 1017-1028. [CrossRef]
6. Babu, K.; Konana, VK.; Ganesh, S.K.; Patnaik, G.; Chan, N.5.W.; Chee, S.-P.,; Sobolewska, B.; Zierhut, M. Viral anterior uveitis.

Indian ]. Ophthalmol. 2020, 68, 1764-1773. [CrossRef]


http://doi.org/10.1097/ICU.0b013e32834be021
http://www.ncbi.nlm.nih.gov/pubmed/21918442
http://doi.org/10.1080/09273948.2018.1468470
http://www.ncbi.nlm.nih.gov/pubmed/29869892
http://doi.org/10.1016/S0140-6736(14)60539-0
http://doi.org/10.1080/09273948.2017.1353105
http://doi.org/10.2147/OPTH.S60394
http://doi.org/10.4103/ijo.IJO_928_20

Medicina 2022, 58, 1054 90f 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Wensing, B.; Mochizuki, M.; De Boer, ].H. Clinical Characteristics of Herpes Simplex Virus Associated Anterior Uveitis. Ocul.
Immunol. Inflamm. 2018, 26, 333-337. [CrossRef]

Kido, S.; Sugita, S.; Horie, S.; Miyanaga, M.; Miyata, K.; Shimizu, N.; Morio, T.; Mochizuki, M. Association of varicella zoster
virus load in the aqueous humor with clinical manifestations of anterior uveitis in herpes zoster ophthalmicus and zoster sine
herpete. Br. ]. Ophthalmol. 2008, 92, 505-508. [CrossRef]

Takase, H.; Kubono, R.; Terada, Y.; Imai, A.; Fukuda, S.; Tomita, M.; Miyanaga, M.; Kamoi, K.; Sugita, S.; Miyata, K.; et al. Compar-
ison of the ocular characteristics of anterior uveitis caused by herpes simplex virus, varicella-zoster virus, and cytomegalovirus.
Jpn. J. Ophthalmol. 2014, 58, 473-482. [CrossRef]

Terada, Y.; Kaburaki, T.; Takase, H.; Goto, H.; Nakano, S.; Inoue, Y.; Maruyama, K.; Miyata, K.; Namba, K.; Sonoda, K.-H.; et al.
Distinguishing Features of Anterior Uveitis Caused by Herpes Simplex Virus, Varicella-Zoster Virus, and Cytomegalovirus. Am.
J. Ophthalmol. 2021, 227, 191-200. [CrossRef]

Fuchs, E. Komplicationen der Heterochromie. Z. Augenheilkd. 1906, 1906, 191-212.

Quentin, C.D.; Reiber, H. Fuchs heterochromic cyclitis: Rubella virus antibodies and genome in aqueous humor. Am. J. Ophthalmol.
2004, 138, 46-54. [CrossRef]

De Groot-Mijnes, ].D.E,; De Visser, L.; Rothova, A.; Schuller, M.; Van Loon, A.M.; Weersink, A.J.L. Rubella virus is associated with
Fuchs heterochromic iridocyclitis. Am. J. Ophthalmol. 2006, 141, 212-215. [CrossRef]

Suzuki, J.; Goto, H.; Komase, K.; Abo, H.; Fujii, K.; Otsuki, N.; Okamoto, K. Rubella virus as a possible etiological agent of Fuchs
heterochromic iridocyclitis. Graefe’s Arch. Clin. Exp. Ophthalmol. 2010, 248, 1487-1491. [CrossRef]

Stunf, S.; Petrovec, M.; Zigon, N.; Hawlina, M.; Kraut, A.; De Groot-Mijnes, J.D.; Valentin¢i¢, N.V. High concordance of intraocular
antibody synthesis against the rubella virus and fuchs heterochromic uveitis syndrome in Slovenia. Mol. Vis. 2012, 18, 2909-2914.
De Groot-Mijnes, ].D.; Rothova, A.; Van Loon, A.M.; Schuller, M.; Ten Dam-Van Loon, N.H.; De Boer, ].H.; Schuurman, R,;
Weersink, A.J. Polymerase chain reaction and goldmann-witmer coefficient analysis are complimentary for the diagnosis of
infectious uveitis. Am. J. Ophthalmol. 2006, 141, 313-318. [CrossRef]

Ruokonen, P.C.; Metzner, S.; Ucer, A.; Torun, N.; Hofmann, J.; Pleyer, U. Intraocular antibody synthesis against rubella virus and
other microorganisms in Fuchs’ heterochromic cyclitis. Graefe’s Arch. Clin. Exp. Ophthalmol. 2010, 248, 565-571. [CrossRef]
Chan, N.S.W.; Chee, S.P; Caspers, L.; Bodaghi, B. Clinical Features of CMV-Associated Anterior Uveitis. Ocul. Immunol. Inflamm.
2018, 26, 107-115. [CrossRef]

Nora, R.L.D.; Putera, I.; Mayasari, Y.D.; Hikmahwati, W.; Pertiwi, A.M.; Ridwan, A.S.; Sitompul, R.; Westcott, M.; Chee, S.-P,;
Pavesio, C.; et al. Clinical characteristics and treatment outcomes of cytomegalovirus anterior uveitis and endotheliitis: A
systematic review and meta-analysis. Surv. Ophthalmol. 2022, 67, 1014-1030. [CrossRef]

Xu, J.; Qin, Y.; Chang, R.; Tan, H.; Wang, Q.; Su, G.; Cao, Q.; Kijlstra, A.; Yang, P. Aqueous cytokine levels in four common uveitis
entities. Int. Immunopharmacol. 2020, 78, 106021. [CrossRef]

Standardization, T.; Sun, N.; Group, W. Classification Criteria for Fuchs Uveitis Syndrome. Am. J. Ophthalmol. 2021, 228, 262-267.
[CrossRef]

Yang, P.; Zhang, W.; Chen, Z.; Zhang, H.; Su, G.; Cao, Q.; Zhu, Y.; Zhong, Z.; Zhou, C.; Wang, Y.; et al. Development of revised
diagnostic criteria for Fuchs’ uveitis syndrome in a Chinese population. Br. J. Ophthalmol. 2021, 1-6. [CrossRef] [PubMed]
Cimino, L.; Aldigeri, R.; Parmeggiani, M.; Belloni, L.; Zotti, C.A.; Fontana, L.; Invernizzi, A.; Salvarani, C.; Cappuccini, L.
Searching for viral antibodies and genome in intraocular fluids of patients with Fuchs uveitis and non-infectious uveitis. Graefe’s
Arch. Clin. Exp. Ophthalmol. 2013, 251, 1607-1612. [CrossRef] [PubMed]

Reiber, H.; Felgenhauer, K. Protein transfer at the blood cerebrospinal fluid barrier and the quantitation of the humoral immune
response within the central nervous system. Clin. Chim. Acta 1987, 163, 319-328. [CrossRef]

Hwang, Y.-S.; Shen, C.-R.; Chang, S H.L; Lai, C.-C.; Liu, C.-L.; Chen, K.-].; Lin, K.-K.; Chen, T.-L.; Hsiao, C.-H. The validity of
clinical feature profiles for cytomegaloviral anterior segment infection. Graefe’s Arch. Clin. Exp. Ophthalmol. 2011, 249, 103-110.
[CrossRef]

De Simone, L.; Belloni, L.; Aldigeri, R.; Zerbini, A.; Mastrofilippo, V.; Sangiovanni, A.; Parmeggiani, M.; Fontana, L.; Cimino, L.
Aqueous tap and rapid diagnosis of cytomegalovirus anterior uveitis: The Reggio Emilia experience. Graefe’s Arch. Clin. Exp.
Ophthalmol. 2019, 257, 181-186. [CrossRef]

Leleu, I; Jhanji, V.; Touhami, S.; Westcott, M.; Angi, M.; Titah, C.; Rousseau, A.; Hamard, P.; Brasnu, E.; Manicom, T.; et al. Clinical
Features and Diagnosis of Anterior Segment Inflammation Related to Cytomegalovirus in Immunocompetent African, Asian,
and Caucasian Patients. Ocul. Immunol. Inflamm. 2021, 29, 160-168. [CrossRef]

Provost, ].; Labetoulle, M.; Bouthry, E.; Haigh, O.; Leleu, I.; Kobal, A.; Mouriaux, F; Barreau, E.; Vauloup-Fellous, C.; Rousseau, A.
Rubella virus-associated uveitis: The essentiality of aqueous humor virological analysis. Eur. |. Ophthalmol. 2022, 1-9. [CrossRef]
Groen-Hakan, F.; van de Laar, S.; van der Eijk-Baltissen, A.A.; van Loon, N.T.D.; de Boer, J.; Rothova, A. Clinical Manifestations,
Prognosis, and Vaccination Status of Patients With Rubella Virus—Associated Uveitis. Am. ]. Ophthalmol. 2019, 202, 37-46.
[CrossRef]

de Visser, L.; Braakenburg, A.; Rothova, A.; de Boer, ]. H. Rubella Virus-Associated Uveitis: Clinical Manifestations and Visual
Prognosis. Am. ]. Ophthalmol. 2008, 146, 292-297. [CrossRef]

Chan, N.S.W.; Chee, S.P. Demystifying viral anterior uveitis: A review. Clin. Exp. Ophthalmol. 2019, 47, 320-333. [CrossRef]


http://doi.org/10.1080/09273948.2017.1420806
http://doi.org/10.1136/bjo.2007.125773
http://doi.org/10.1007/s10384-014-0340-6
http://doi.org/10.1016/j.ajo.2021.03.020
http://doi.org/10.1016/j.ajo.2004.02.055
http://doi.org/10.1016/j.ajo.2005.07.078
http://doi.org/10.1007/s00417-010-1434-6
http://doi.org/10.1016/j.ajo.2005.09.017
http://doi.org/10.1007/s00417-009-1239-7
http://doi.org/10.1080/09273948.2017.1394471
http://doi.org/10.1016/j.survophthal.2021.12.006
http://doi.org/10.1016/j.intimp.2019.106021
http://doi.org/10.1016/j.ajo.2021.03.052
http://doi.org/10.1136/bjophthalmol-2021-319343
http://www.ncbi.nlm.nih.gov/pubmed/34108225
http://doi.org/10.1007/s00417-013-2287-6
http://www.ncbi.nlm.nih.gov/pubmed/23456172
http://doi.org/10.1016/0009-8981(87)90250-6
http://doi.org/10.1007/s00417-010-1510-y
http://doi.org/10.1007/s00417-018-4180-9
http://doi.org/10.1080/09273948.2019.1662059
http://doi.org/10.1177/11206721221087562
http://doi.org/10.1016/j.ajo.2019.02.002
http://doi.org/10.1016/j.ajo.2008.04.011
http://doi.org/10.1111/ceo.13417

Medicina 2022, 58, 1054 10 of 10

32.

33.

34.

35.

36.

37.
38.

Accorinti, M.; Spinucci, G.; Pirraglia, M.P.,; Bruschi, S.; Pesci, FR.; Iannetti, L. Fuchs” Heterochromic Iridocyclitis in an Italian
Tertiary Referral Centre: Epidemiology, Clinical Features, and Prognosis. J. Ophthalmol. 2016, 2016, 1458624. [CrossRef]
Rothova, A.; La Hey, E.; Baarsma, G.S.; Breebaart, A.C. Iris nodules in Fuchs’ heterochromic uveitis. Am. J. Ophthalmol. 1994, 118,
338-342. [CrossRef]

Tugal-Tutkun, I.; Giiney-Tefekli, E.; Kamaci-Duman, F.; Corum, I. A Cross-sectional and Longitudinal Study of Fuchs Uveitis
Syndrome in Turkish Patients. Am. J. Ophthalmol. 2009, 148, 510-515.e1. [CrossRef]

Callear, A.B.; Murray, P.I; Reynolds, A.; Harry, J. Iris crystals in chronic uveitis. Investig. Ophthalmol. Vis. Sci. 1997, 38, 703-706.
[CrossRef]

Ozdamar Erol, Y.; Inang, M.; Ozdal, P. Fuchs’ Uveitis: Is It Different from What We Know? Ocul. Immunol. Inflamm. 2022, 30,
62-67. [CrossRef]

Mohamed, Q.; Zamir, E. Update on Fuchs’ uveitis syndrome. Curr. Opin. Ophthalmol. 2005, 16, 356-363. [CrossRef]
Nilforushan, N.; Yadgari, M.; Alemzadeh, S.A. Surgical management of glaucoma in Fuchs uveitis syndrome: Trabeculectomy or
Ahmed glaucoma valve. J. Curr. Ophthalmol. 2019, 31, 24-30. [CrossRef]


http://doi.org/10.1155/2016/1458624
http://doi.org/10.1016/S0002-9394(14)72958-7
http://doi.org/10.1016/j.ajo.2009.04.007
http://doi.org/10.1136/bjo.83.6.703
http://doi.org/10.1080/09273948.2020.1795207
http://doi.org/10.1097/01.icu.0000187056.29563.8d
http://doi.org/10.1016/j.joco.2018.10.005

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	Appendix A
	References

