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Purpose: To identify the subtypes among patients clinically diagnosed as herpetic
anterior uveitis (HAU) and characterize their clinical features and visual prognosis.

Methods: Three hundred and seventeen patients were clinically diagnosed as HAU
in our department. Aqueous humor (AqH) and serum were collected from 43 of 317
HAU patients during eye surgery. Pathogens were identified using droplet digital
polymerase chain reaction and the Goldmann–Witmer coefficient. The AqH levels of
10 inflammatory cytokines were measured. The demographics, clinical features,
treatment, and visual prognosis of the subtypes of HAU identified by AqH analysis were
analysed.

Results: DNA for herpes simplex virus (HSV), varicella-zoster virus (VZV), and
cytomegalovirus (CMV)were identified in 13,18 and12 eyes, respectively. TheAqH levels
of interleukin-13, interferon-γ , and tumor necrosis factor-α were significantly higher
in VZV-AU as compared with HSV-AU and CMV-AU (all P < 0.05). In general, all these
three subtypes of HAU had clinical features in common, including mutton-fat keratic
precipitates usually tonedwith pigmentation, iris atrophy, elevated intraocular pressure
(IOP), and posterior synechia with pupil pulling appearance unlike that caused by other
uveitis. A much higher IOP and poor visual acuity at first visit were more commonly
observed in VZV-AU and CMV-AU as compared with HSV-AU (both P < 0.05). A poor
visual prognosis was noted in VZV-AU as compared with HSV-AU and CMV-AU
(P = 0.010).

Conclusions: Our study identified three subtypes of HAU and characterized their
clinical features. VZV-AU is frequently associatedwithmuch higher IOP and a poor visual
prognosis.

Translational Relevance: We addressed the similarity and difference regarding
clinical features and visual prognosis among three subtypes of HAU and also found
droplet digital polymerase chain reaction is a sensitive technique for identifying its
subtypes throughout the disease course.

Introduction

Herpetic anterior uveitis (HAU) is the most
common etiology of viral uveitis and characterized

by unilateral involvement, iris atrophy and increased
intraocular pressure (IOP).1 It has been reported to
account for 1.5% of the total cases of uveitis in
China and 1% to 10% in Western countries.2–5 Eight
herpes viruses have been found to cause uveitis, among
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which herpes simplex virus (HSV), varicella-zoster
virus (VZV), and cytomegalovirus (CMV) are the most
common pathogens. The diagnosis of HAU is mainly
based on the medical history and clinical manifesta-
tions. Aqueous humor (AqH) analysis is useful for the
identification of viruses. However, anterior chamber
paracentesis is not often performed clinically, mainly
owing to the adverse effects of the invasive nature of
this test. A number of studies have described the clini-
cal characteristics and visual outcomes of HAU.6–8
The profile of the clinical manifestations among these
subtypes of HAU is mainly evaluated using the AqH
analysis at acute stage. The whole spectrum of their
clinical features overtime as well as visual prognosis
has not been well-addressed owing to a lack of sensi-
tive techniques for detecting the virus and long-term
follow-up.

Early studies showed that causative agents in AqH
of HAU patients can be evaluated by Goldmann–
Witmer coefficient (GWC)9 or polymerase chain
reaction (PCR).6 Quantitative PCR has been used
widely for identifying viral nucleic acid. However, it is
a relative quantitative technique and has limitations in
sensitivity.More recently, droplet digital PCR (ddPCR)
has been developed to detect extremely small amounts
of nucleic acid in samples and achieve absolute
quantification without the use of standard curves.10
This technique has been used for the measurement
of viral nucleic acid in Posner–Schlossman syndrome
and yield a better result compared with conventional
quantitative PCR.11 In this study, we used ddPCR
and GWC to identify the herpes virus in AqH among
patients diagnosed clinically with HAU and evaluate
the relevance of these results to clinical manifestations,
as well as visual prognosis.

Methods

Patients and Controls Enrolled

A total of 317 patients were diagnosed as HAU
with a follow-up time ≥3 months in the First Affili-
ated Hospital of Chongqing Medical University from
June 2018 to December 2022. The clinical diagnostic
criteria for HAU were based on the following clini-
cal characteristics12–16: (a) unilateral AU, (b) elevated
IOP, (c) the presence of stromal keratitis with exclud-
ing that caused by other factors such as syphilis, tuber-
culosis, sarcoidosis, or leprosy, (d) the presence of
mutton-fat keratic precipitates (KPs) and iris atrophy,
(e) the presence of posterior synechia with or without
pupil deformation, and (f) a clear history of herpes
keratitis or herpes zoster ophthalmicus. Patients with

four or more clinical features were clinically diagnosed
as HAU. During a period of 3 to 48 months of
follow-up, 62 patients developed complicated cataract
(19.6%), and 18 patients (5.7%) developed intractable
increased IOP. A total of 43 patients with compli-
cated cataract or intractable increased IOP under-
went cataract surgery or antiglaucoma surgery in our
department. We simultaneously collected AqH and
serum for pathogen detection from these 43 cases
undergoing eye surgery (Supplementary Fig. S1). None
of them had diabetic retinopathy, macular abnormal-
ities, optic nerve disease, or other retinal diseases.
AqH and serum samples were also obtained from
10 patients with Vogt–Koyanagi–Harada, 10 patients
with Behcet′s disease, and 10 patients with age-related
cataract during cataract surgery serving as controls.
The International Study Group’s criteria17 and the
criteria proposed by our group18 were used to diagnose
Behcet′s disease and Vogt–Koyanagi–Harada disease,
respectively.

The study was approved by the institutional review
board of the First Affiliated Hospital of Chongqing
Medical University and adhered to the Declaration
of Helsinki. All participants signed the informed
consent.

AqH and Serum Detection

Samples were collected during surgery and immedi-
ately stored in a freezer and kept at−80°C until labora-
tory assays. ddPCR analysis was used to identify the
presence of HSV,VZV, orCMVDNA inAqH samples.
The viral DNA was extracted using the QIAamp
MinElute Virus SpinKit (Cat. No. 57704) as instructed
by themanufacturer. The final volume of 20 μL ddPCR
reaction mixture for QX200 ddPCR contained “2 ×
ddPCRSupermix for Probes” (Bio-Rad,Hercules, CA)
with primers/probe mix (concentrations of 900 and
250 nM, respectively) and templates. The following
cycling protocol was run: 95°C × 5 minutes (1 cycle);
95°C × 30 seconds, 57°C × 1 minutes (40 cycles); 98°C
× 10 minutes (1 cycle); and 4°C hold. The primers and
probes sequences for the DNA detection of HSV, VZV,
and CMV are listed in Supplementary Table S1.11,19

The concentrations of specific immunoglobulin G
against HSV, VZV, CMV, and total immunoglobulin G
in serum and AqH were determined by enzyme-linked
immunosorbent assay using commercial kits (Ruixin
Biotechnology, Changsu, China) and used to calcu-
late the GWC. The intraocular specific antibodies were
generally considered to be locally produced when the
GWC value of greater than 4.20 Positive laboratory
results were defined as ddPCR positive, a GWC of
greater than 4, or both.
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Additionally, 10 cytokines including interleukin
(IL)-1α, IL-1β, IL-4, IL-6, IL-8, IL-10, IL-13,
monocyte chemotactic protein 1, interferon (IFN)-γ ,
and tumor necrosis factor (TNF)-α in the AqH
were measured in 22 samples using the Quanti-
body Human Inflammatory Array 1 (RayBiotech,
Peachtree Corners, GA) to evaluate their associa-
tion with subtypes of HAU as well as with clinical
manifestations.

Clinical and Laboratory Examinations

Complete ocular examinations were performed
at each visit, including best-corrected visual acuity
(BCVA) measurement, tonometry, direct ophthal-
moscopy, and slit-lamp biomicroscopy. Fundus
fluorescence angiography, visual field, ultrasound
biomicroscopy, optical coherence tomography, corneal
specular microscopy, anterior segment photography,
and B-scan ultrasound examination were performed if
needed or possible. In addition, all patients underwent
laboratory tests, such as routine blood tests, fasting
plasma glucose, and kidney and liver function.

Therapy

All patients with HAU with active anterior segment
inflammation were treated with topical and systemic
corticosteroids in combination with topical antivi-
rals, followed by gradual tapering if the intraocular
inflammation was controlled. The activity of anterior
segment inflammation was assessed according to the
SUN criteria.21

Patients with complicated cataract underwent
cataract surgery with implantation of intraocular lens
if the anterior segment inflammation was completely
controlled. Intractable increased IOP was defined as
IOP of 24mmHg or greater with or without visual field
or optic disc changes after 3 months of medications.
Patients with intractable increased IOP underwent
antiglaucoma surgeries, including trabeculectomy and
glaucoma valve implantation, if they failed to response
to the medical treatment.

Data and Statistical Analyses

The following information, including demograph-
ics, unilateral or bilateral involvement, BCVA, IOP,
presence or history of keratitis, KPs, anterior segment
inflammation, posterior synechia, iris atrophy, fundus
examination, ocular complications, surgical treatment,
and visual outcome, was analyzed among the definite
three subgroups of HAU diagnosed with laboratory
examinations.

All data were analyzed statistically with SPSS
software version 25.0 or GraphPad Prism software
version 7.0. P values of less than 0.05 were consid-
ered as significant. Mean ± standard deviation or
medians were used to describe quantitative variables,
while relative frequencies were used to describe categor-
ical variables. Quantitative data were analyzed using
the paired t test, Kruskal–Wallis test, analysis of
variance, and Mann–Whitney U test, and categorical
data were analyzed using the Fisher exact test and
χ2 test. Finally, the Bonferroni correction was used
to control the type I error rate in multiple compar-
isons. After Bonferroni adjustment, the α level was set
to 0.017.

The BCVA was transformed to logarithm of the
minimum angle of resolution (logMAR) for calcula-
tion purposes. Final logMAR BCVA was defined as
the patient’s visual outcome at 6 months after surgery.
Counting fingers, hand motions, light perception, and
no light perception were converted to 2.6 logMAR,
2.9 logMAR, 3.1 logMAR, and 3.4 logMAR,
respectively.22

Results

A total of 317 patients (128 males and 189 females)
were diagnosed as HAU, accounting for 2.2% of the
14,218 cases of uveitis referred to our department
during this study period. The mean age of patients
with HAUwas 48 years, and the follow-up time ranged
from 3 to 48 months. AqH samples from 43 patients
were evaluated for pathogens, and all of them were
diagnosed as having herpes virus infection either by
ddPCRalone or by combination of ddPCRwithGWC.
The past medical history, treatment history, and clini-
cal features of 274 patients with a clinical diagnosis of
HAU and 43 patients with a definite diagnosis of HAU
are shown in Table 1. In general, they are similar except
for the initial visual acuity and IOP between these two
groups.

All 43 AqH samples were tested by ddPCR for
HSV, VZV, and CMV and 22 samples were also
analyzed using GWC. Among these 43 HAU patients,
13 were diagnosed with HSV-AU (30%), 18 with
VZV-AU (42%), and 12 with CMV-AU (28%) based
on the ddPCR results. The GWC-positive results
were completely identical to ddPCR-positive results
in 22 cases. There was no detectable DNA for these
three types of herpes virus in the AqH samples
from patients with Vogt–Koyanagi–Harada disease,
Behcet′s disease, and cataract patients, and all of the
patients in the control groups had GWC value of less
than 4.
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Table 1. Comparison of Past Medical and Treatment History and Clinical Characteristics of Patients With a
Clinical Diagnosis of HAU and Those With a Definite Diagnosis of HAU Using AqH Analysis

Items

Patients With a
Clinical Diagnosis of HAU

(n = 274 Eyes)

Patients With a Definite
Diagnosis of HAU
(n = 43 Eyes) P Value

Mean age at first visit (range), years 47 (5–88) 51 (10–82) 0.167*

Male gender, n (%) 109/274 (40%) 19/43 (44%) 0.584†

Past medical history before referral to our department
Presence or history of herpes zoster ophthalmicus, n (%) 34/274 (12%) 6/43 (14%) 0.777†

History of ocular pain, n (%) 170/274 (62%) 30/43 (70%) 0.329†

History of redness, n (%) 216/274 (79%) 32/43 (74%) 0.514†

History of photophobia, n (%) 138/274 (50%) 22/43 (51%) 0.923†

History of decreased vision, n (%) 221/274 (81%) 32/43 (74%) 0.343†

Previous treatment before referral to our department
Patients who have received treatment, n (%) 224/274 (82%) 36/43 (84%) 0.755†

Topical antiglaucoma agents, n (%) 205/274 (75%) 33/43 (77%) 0.786†

Topical and/or systemic corticosteroids, n (%) 219/274 (80%) 35/43 (81%) 0.823†

Topical antivirals, n (%) 216/274 (78%) 34/43 (79%) 0.972†

Systemic antivirals, n (%) 82/274 (30%) 12/43 (28%) 0.787†

Clinical characteristics at the first visit to our department
Initial logMAR BCVA, median (range) 0.3 (0–3.4) 0.6 (0.1–2.9) <0.001*

Initial IOP, median (range), mm Hg 19 (5–60) 33 (16–60) <0.001*

Mutton-fat KPs toned with pigmentation, n (%) 196/274 (72%) 29/43 (67%) 0.583†

Posterior synechia, n (%) 219/274 (80%) 35/43 (81%) 0.823†

Iris atrophy, n (%) 204/274 (75%) 34/43 (79%) 0.515†

Pupil deformation, n (%) 164/274 (60%) 27/43 (63%) 0.714†

*
P values were performed by Mann–Whitney U test.

†
P values were performed by χ2 test.

Demographic and Baseline Clinical Features

Table 2 summarizes the demographic and clinical
characteristics at baseline in these three subgroups of
HAU. For patients with HSV-AU, VZV-AU, or CMV-
AU, the mean age at first visit to our department was
48, 50, and 55 years, respectively. The ratios of male to
female were 1:1.2, 1:1.3, and 1:1.4, respectively. There
were no differences concerning the age at first visit and
sex among these three subgroups.

The time interval between disease onset and being
referred to our department in the patients with a
definite diagnosis of HAU was significantly differ-
ent, with the longest interval in HSV-AU patients
(range, 1–36 months), followed by CMV-AU (range,
0.2–8.0 months) and VZV-AU patients (range, 0.23–
13.00months) (P= 0.002). The presence or a history of
herpes zoster ophthalmicus was observed in 33% VZV-
AU patients. Neither the patients with HSV-AU nor
those with CMV-AUhad this sign. There was no signif-
icant difference concerning the incidence of presence or
a history of keratitis among these three subgroups.

As for ocular symptoms in the patients with a
definite diagnosis of HAU, more than 80% of VZV-
AU and CMV-AU patients complained about ocular
pain, whereas only 15% of HSV-AU patients had
this symptom. There were no differences concern-
ing redness and photophobia among these three
subgroups. Unilateral involvement was observed in
all these patients with a definite diagnosis of HAU,
although bilateral involvement was also noted in 15
out of 274 patients with a clinical diagnosis of HAU.
The median logMAR BCVA at the first visit for HSV-
AU, VZV-AU, and CMV-AU eyes was 0.4, 0.7, and
1.0, respectively, and poor visual acuity was noted in
VZV-AU patients or CMV-AU patients as compared
with HSV-AU patients (P = 0.006 and P = 0.005).
The increased IOP (>24 mm Hg) at the first visit
was observed in more than 75% of the patients in all
three subgroups, and the mean IOP in HSV-AU, VZV-
AU, and CMV-AU patients was 24.2 ± 4.0, 40.6 ±
10.9, and 36.0 ± 12.2 mm Hg, respectively, showing
a statistical difference among these three groups (P <

0.001). Ciliary or mixed injection was noted in more
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Figure 1. Diffuse or single patchy iris atrophy was observed in a HSV-AU patient (A) and a VZV-AU patient (B). Multifocal round, oval, or
irregular iris atrophy was observed in CMV-AU patients (C and D).

Figure 2. Pupil deformation in HAU patients with a pulling appearance unlike that caused by other uveitis entities (A and B).

than 60% of HSV-AU and VZV-AU patients, whereas
it was observed only in 17% of CMV-AU patients.
Corneal lesions manifested mainly as edema or opacity
in all these subgroups without difference in frequency
among them. KPs were observed in more than 60% of
the affected eyes at the first visit and characterized by
mutton-fat KPs almost universally toned with pigmen-
tation. Anterior chamber cells were noted in all the
patients in these 3 subgroups at first visit, and a severe
inflammation (anterior chamber cells ≥2+) was more
frequently noted in VZV-AU patients than in HSV-
AU or CMV-AU patients (P < 0.001 and P = 0.001),
although no difference was observed concerning the
anterior chamber flare among these three subgroups.
Iris stromal atrophy was observed in more than 75%
of the patients in all three subgroups. It was single

or multiple in number, and round, oval, or irregu-
lar in appearance. HSV-AU and VZV-AU patients
usually presented as single or multiple patchy, or
diffuse iris atrophy, whereas CMV-AU patients mostly
displayed multifocal round, oval, or irregular iris
atrophy (Fig. 1, Supplementary Table S2). There were
no differences regarding posterior synechia and pupil
deformation among these subgroups (Table 2). The
deformed pupil mostly showed a pulling appearance
unlike that caused by other nonherpetic uveitis entities
(Fig. 2).

Auxiliary Examinations

Fundus fluorescence angiography was nonselec-
tively performed in 33 patients with a definite diagnosis
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of HAU, of which two VZV-AU patients had cystoid
macular edema and one CMV-AU patient had retinal
vasculitis. A thin retinal nerve fiber layer was noted
in 13 of 42 patients examined by optical coherence
tomography, and all of them had intractable increased
IOP. Corneal specular microscopy was nonselectively
performed in 31 patients, and the median corneal
endothelial cell density in HSV-AU, VZV-AU, and
CMV-AU patients was 2203.3, 2058.2, and 1536.9
cells/mm2, respectively, showing a significant difference
among these subgroups (P = 0.001) (Supplementary
Table S3). Additionally, the median corneal endothe-
lial cell density in the patients with age-related cataract
was 2989.4 cells/mm2, which is significantly higher than
that in these three HAU subtypes (all P < 0.01). Visual
field defect was noted in 15 of 40 HAU patients, and
a higher percentage of visual field defect was observed
in VZV-AU patients as compared with the other two
types of HAU (P = 0.005).

AqH Analysis

All AqH samples fromHAU patients were analyzed
by ddPCR, and herpes virus DNA was detectable in
these patients. The mean AqH viral load for HSV-
AU, VZV-AU, and CMV-AU patients was 1.7 × 103
copies/mL (range, 0.2 × 103–7.5 × 103 copies/mL), 2.4
× 103 copies/mL (range, 0.3 × 103–1.0 × 104 copies/
mL), and 1.1 × 103 copies/mL (range, 0.2 × 103–2.6
× 103 copies/mL), respectively. The mean viral load
was significantly higher in patients with intractable
increased IOP than those without this sign at sampling
(P= 0.004). Among the 22 samples evaluated byGWC,
5 were diagnosed with HSV-AU, 11 with VZV-AU, and
6 with CMV-AU. The mean GWC values for the HSV-
AU, VZV-AU, and CMV-AU groups were 6.1 (range,
4.1–7.8), 10.9 (range, 4.1–33.4), and 4.8 (range, 4.1–
7.8), respectively. These results were completely identi-
cal to those detected by ddPCR.

AqH samples obtained from 8 HSV-AU, 6 VZV-
AU, and 8 CMV-AU patients were also evaluated

for inflammation-associated cytokines. As shown in
Supplementary Figure S2, the levels of IL-13, IFN-
γ , and TNF-α were significantly higher in VZV-AU
patients as compared with HSV-AU or CMV-AU
patients. There were no differences concerning the
levels of IL-1α, IL-1β, IL-4, IL-6, IL-8, IL-10, or
monocyte chemotactic protein 1 among these three
subgroups.

Treatment

All patients were treated with antiviral and anti-
inflammatory eye drops and systemic corticosteroids,
and those with elevated IOPwere treated with antiglau-
comamedications. Most patients had complete control
of the anterior segment inflammation at 3 months
after treatment. Complicated cataract was observed in
62 of 317 patients with HAU, of which 37 patients
underwent cataract surgery in other hospitals and 25
patients underwent cataract surgery in our depart-
ment. Intractable increased IOP was noted in 18 of 317
patients with HAU and antiglaucoma surgery, includ-
ing trabeculectomy and glaucoma valve implantation,
was performed in these patients. All these patients
achieved a normal IOP after surgery. The complication
and surgical therapy among these three subgroups of
HAU are shown in Supplementary Table S4.

Prognosis

The final visual acuity of 274 patients with a clinical
diagnosis of HAU was better than that of 43 patients
with a definite diagnosis of HAU (P= 0.043). The final
median logMAR BCVA for patients with HSV-AU,
VZV-AU, and CMV-AU was 0.0, 0.7, and 0.1, respec-
tively (Table 3). Improved visual acuity was noted in
HSV-AU and CMV-AU patients (P = 0.001 and P =
0.002), but not in VZV-AU patients after treatment.
All the patients in these three subgroups achieved a
better visual acuity following cataract surgery (P <

0.001). An improved visual field and visual acuity were

Table 3. Visual Outcome Among These Three Subgroups of HAU

LogMAR BCVA, Median (Range)

HSV-AU (n = 13 Eyes) VZV-AU (n = 18 Eyes) CMV-AU (n = 12 Eyes) P Value

First visit 0.4 (0.1–1.0) 0.7 (0.4–2.9) 1.0 (0.3–2.9) 0.006*

Final visit 0.0 (0.0–0.3) 0.7 (0.0–2.9) 0.1 (0.0–0.5) 0.010*

P Value 0.001† 0.281† 0.002‡

*
P values compared among three groups using the Kruskal–Wallis test.

†
P values were performed by paired t-test.

‡
P values were performed by paired samples Wilcoxon signed rank test.
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noted in HSV-AU (form 0.6 ± 0.4 logMAR to 0.2
± 0.1 logMAR) and CMV-AU patients (from 0.7 ±
0.3 logMAR to 0.0 ± 0.0 logMAR), but not in VZV-
AU patients (from 1.4 ± 1.0 logMAR to 1.3 ± 1.0
logMAR) after antiglaucoma surgery.

Discussion

In this study, we characterized the clinical manifes-
tations of 274 patients with a clinical diagnosis of HAU
and 43 patients with a definite diagnosis of HAU. The
results showed that these three subgroups of HAU
have clinical features in common, including unilateral
involvement, increased IOP, mutton-fat KPs usually
toned with pigmentation, iris atrophy, and posterior
synechia with a deformed pupil. VZV-AU was usually
associated with a higher frequency of severe anterior
segment inflammation, intractable increased IOP, and
poor visual prognosis as compared with the other two
types of HAU.

HAU has long been recognized as an indepen-
dent type of uveitis. It is diagnosed principally based
on clinical manifestations and named clinically as
a presumed diagnosis in the absence of laboratory
examination.23 A definite diagnosis has been made
by detection of viral DNA in AqH or evaluation of
GWC. It has been shown that viral DNA detection
is useful in the diagnosis of HAU within 2 months
of the onset of disease, and GWC can be used for
its diagnosis in the whole course.24 In this study, we
used a sensitive PCR technique, ddPCR, to detect the
viral DNA in AqH obtained from patients with a long
history of clinically diagnosed as HAU. Interestingly,
our results showed that viral DNAwas all detectable in
these patients.More important, the viralDNAdetected
was completely identical to GWC result. The superi-
ority of ddPCR in detecting target DNA for viral
diseases at extremely low concentrations compared
with conventional quantitative PCR has been demon-
strated in previous studies.25,26 Our study showed that
the detection limit of ddPCR was 102 copies/mL, in
line with a previous report,27 significantly lower than
that reported by De Groot-Mijnes et al.24 In addition,
we found that viral load was correlated with IOP
rather than disease duration. Patients with intractable
increased IOP had much higher viral loads, consis-
tent with that reported in the literature.11 Our results
suggest, on one hand, that the parameters chosen in
this study are pertinent to the diagnosis of HAU clini-
cally. The clinical diagnosis of HAU was demonstrated
in all the patients with AqH testing. On the other hand,
ddPCR seems to be a sensitive technique for the definite

diagnosis of HAU, even in the patients with a long
history.

It is well-known that HAU has distinct clinical
manifestations, including mutton-fat KPs toned with
pigmentation, iris atrophy and increased IOP. These
clinical features generally allow us to differentiate
HAU from other AU entities. However, the differences
among the three subtypes of HAU during the whole
course of disease have not been well-addressed clini-
cally. In this study, we compared the clinical manifes-
tations among patients with a definite diagnosis of
HSV-AU, VZV-AU, or CMV-AU. As for iris atrophy,
previous reports showed that HSV-AU and VZV-AU
patients mostly presented with small patchy, segmen-
tal or sectorial iris atrophy, whereas CMV-AU patients
usually displayed diffuse iris atrophy at first visit or
at the acute stage.6,28,29 Our study showed a similar
result. Additionally, we found that CMV-AU patients
generally presented as multifocal round, oval, or irreg-
ular iris atrophy. As regards to IOP, Terada et al.6
reported that the IOP was significantly higher in CMV-
AU patients at the acute stage as compared with HSV-
AU and VZV-AU patients. In this study, we showed
a similar result regarding the increased IOP in CMV-
AU patients. However, we also found that the IOP
was much higher in VZV-AU patients as compared
with HSV-AU patients. The reasons as to why there
is a difference concerning increased IOP among three
subtypes of HAU between our results and those of
a previous study are not clear. Clinical differences
have been found in other diseases among various race
populations.30–32 The difference concerning elevated
IOP among these three subtypes of HAU between our
study and others may be attributed to a racial origin.
More studies are needed to clarify this issue. It has been
shown that corneal endothelial cell loss is a common
sign of these three subtypes of HAU.6 In this study, we
also revealed a decreased density of corneal endothelial
cells in all three subtypes of the disease. Interestingly, a
much lower corneal endothelial cell density was noted
in CMV-AU patients as compared with HSV-AU and
VZV-AU patients. It is not yet exactly known how the
viral infection leads to corneal endothelial cell loss and
why there is a difference concerning this abnormality
among these three subtypes of HAU. More studies are
expected to clarify these issues.

Systemic and topical corticosteroids mostly
combined with systemic antiviral agents have been
used for the treatment of HAU.6,33–35 In this study, we
used a relatively low dose of systemic corticosteroids
in combination with corticosteroids and antiviral eye
drops for the treatment of this disease and showed a
complete control of the anterior segment inflammation
in most patients 3 months after treatment. Unexpect-
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edly, an elevated IOP persisted in some patients,
although there was no anterior segment inflammation.
A greater percentage of intractable increased IOP was
observed in VZV-AU patients as compared with HSV-
AU and CMV-AU patients. The reason as to why there
is much higher IOP in VZV-AU patients is not known.
The higher levels of IL-13, IFN-γ and TNF-α detected
in the present study may partially explain the difference
of IOP among these three subtypes of HAU. However,
it is not known why there is a persistent release of
these cytokines in VZV-AU patients. Further studies
are needed to address this issue. It is worthwhile to
point out that the elevated IOP was all controlled after
antiglaucoma surgery. However, persistently elevated
IOP leaded to a worse visual prognosis in VZV-AU
patients, possibly owing to its damage to optic nerve as
evidenced by severely impaired visual field. Therefore,
it should be kept in mind that controlling the IOP
is essential to the recovery of visual acuity in HAU
patients, especially in those with VZV-AU.

There were some limitations to our study. First,
it was a retrospective study and a definite diagnosis
was made only in a minority of the patients using
AqH analysis. The clinical features of these 43 patients
with definite HAU diagnosis did not reflect the overall
characteristics of different types of HAU patients.
These results reported here are expected to be clari-
fied using prospective studies on the patients with
definite HAU diagnosis. Second, owing to the limited
volume of AqH, we only evaluated the three most
common subtypes of herpes virus; thus, the possibil-
ity of co-infection with other viral subtypes cannot be
excluded completely. Third, this study was performed
only in Chinese Han patients and the results need
to be validated in other populations. Fourth, as the
full data regarding the patients underwent cataract
surgery in other hospitals were not available, we only
analyzed the data of the patients underwent surgery
in our department. Studies of the multiple centers are
needed to accurately evaluate the effects of compli-
cated cataract relevant surgeries on the patients’ visual
outcome.

Conclusions

Our study showed that HAU can be diagnosed
solely based on clinical manifestations and ddPCR is a
sensitive technique for identifying its subtypes during
the whole course of the disease. More important, our
study addresses the similarity and difference regarding
clinical features and visual prognosis among patients
with HSV-AU, VZV-AU, and CMV-AU.

Acknowledgments

The authors thank all the patients and controls who
participated in this study.

Supported by theNationalNatural Science Founda-
tion Key Program (82230032), National Natural
Science Foundation Key Program (81930023), Key
Project of Chongqing Science and Technology Bureau
(CSTC2021jscx-gksb-N0010), Chongqing Outstand-
ing Scientists Project (2019), Chongqing Chief Medical
Scientist Project (2018), and Chongqing Science and
Technology Bureau Mountaineering Project (cyyy-
xkdfjh-jcyj-202301, cyyy-xkdfjh-lcyj-202303, cyyy-
xkdfjh-cgzh- 202302).

Author Contributions: PY and HL conceived and
designed the study. HL, SG and YL carried out experi-
ments. HL, SG and GS collected and analysed the data
of the study. HL wrote the manuscript. PY interpreted
the data and revised the manuscript. PY is the guaran-
tor.

Statement of Ethics: All procedures performed
in studies involving human participants were in
accordance with the ethical standards of the Insti-
tutional Review Board of the First Affiliated Hospi-
tal of Chongqing Medical University (Approval
ID:2018-048) and with the 1964 Helsinki declara-
tion and its later amendments or comparable ethical
standards.

Data Availability Statements: All data generated or
analyzed during this study are included in this article.
Further enquiries can be directed to the corresponding
author.

Disclosure: H. Liu, None; S. Guo, None; Y. Liu,
None; G. Su, None; P. Yang, None

References

1. Zandi S, Bodaghi B, Garweg JG. Review for
disease of the year: treatment of viral anterior
uveitis: a perspective. Ocul Immunol Inflamm.
2018;26(7):1135–1142.

2. Yang P, Zhang Z, Zhou H, et al. Clinical patterns
and characteristics of uveitis in a tertiary center for
uveitis in China. Curr Eye Res. 2005;30(11):943–
948.

3. Smit R, Baarsma GS, De Vries J. Classification of
750 consecutive uveitis patients in the Rotterdam
Eye Hospital. Int Ophthalmol. 1993;17:71–76.



Herpetic Anterior Uveitis in Chinese Patients TVST | April 2025 | Vol. 14 | No. 4 | Article 2 | 10

4. Rothova A, Buitenhuis HJ, Meenken C, et al.
Uveitis and systemic disease. Br J Ophthalmol.
1992;76(3):137–141.

5. Henderly DE, Genstler AJ, Smith RE, et al.
Changing patterns of uveitis. Am J Ophthalmol.
1987;103(2):131–136.

6. Terada Y, Kaburaki T, Takase H, et al. Distin-
guishing features of anterior uveitis caused by
herpes simplex virus, varicella-zoster virus, and
cytomegalovirus.Am JOphthalmol. 2021;227:191–
200.

7. Miserocchi E, Fogliato G, Bianchi I, et al. Clinical
features of ocular herpetic infection in an Italian
referral center. Cornea. 2014;33(6):565–570.

8. Accorinti M, Petitti L, Gaeta A, et al. Viral acute
anterior uveitis: clinical signs useful for differen-
tial diagnosis. Ocul Immunol Inflamm. 2021;29(7-
8):1355–1362.

9. Goldmann H. Antibodies in the aqueous humor.
Ophthalmologica. 1954;127:323–330.

10. Kojabad AA, Farzanehpour M, Galeh HEG, et al.
Droplet digital PCR of viral DNA/RNA, current
progress, challenges, and future perspectives. JMed
Virol. 2021;93(7):4182–4197.

11. Cao G, Tan C, Zhang Y, et al. Digital droplet
polymerase chain reaction analysis of common
viruses in the aqueous humour of patients with
Posner-Schlossman syndrome in Chinese pop-
ulation. Clin Exp Ophthalmol. 2019;47(4):513–
520.

12. Standardization of Uveitis Nomenclature (SUN)
Working Group. Classification criteria for herpes
simplex virus anterior uveitis. Am J Ophthalmol.
2021;228:231–236.

13. Standardization of Uveitis Nomenclature (SUN)
WorkingGroup. Classification criteria for varicella
zoster virus anterior uveitis. Am J Ophthalmol.
2021;228:165–173.

14. Standardization of Uveitis Nomenclature (SUN)
Working Group. Classification criteria for
cytomegalovirus anterior uveitis. Am J Ophthal-
mol. 2021;228:89–95.

15. Cunningham ET. Diagnosing and treating
herpetic anterior uveitis. Ophthalmology.
2000;107(12):2129–2130.

16. Liu Y, Li F, Du L, et al. Association of TLR2
gene polymorphisms with presumed viral-induced
anterior uveitis in male Han Chinese. Exp Eye Res.
2019;187:107777.

17. International Study Group for Behçet’s Disease.
Criteria for diagnosis of Behçet’s disease. Lancet.
1990;335:1078–1080.

18. Yang P, Zhong Y, Du L, et al. Development
and evaluation of diagnostic criteria for Vogt-

Koyanagi-Harada disease. JAMA Ophthalmol.
2018;136(9):1025–1031.

19. Chronopoulos A, Roquelaure D, Souteyrand G,
et al. Aqueous humor polymerase chain reaction
in uveitis–utility and safety. BMC Ophthalmol.
2016;16(1):1–7.

20. Errera MH, Goldschmidt P, Batellier L, et al.
Findings in detection of Herpesviridae by poly-
merase chain reaction and intraocular antibody
production in a case series of anterior uveitis.Ocul
Immunol Inflamm. 2013;21(1):61–68.

21. Standardization of Uveitis Nomenclature (SUN)
Working Group. Standardization of uveitis
nomenclature for reporting clinical data. Results
of the First International Workshop. Am J
Ophthalmol. 2005;140(3):509–516.

22. Johnson LN, Guy ME, Krohel GB, et al. Lev-
odopa may improve vision loss in recent-onset,
nonarteritic anterior ischemic optic neuropathy.
Ophthalmology. 2000;107(3):521–526.

23. Yang P. Atlas of uveitis: diagnosis and treatment.
People’s Medical Publishing House & 446. Berlin:
Springer;2021:249–267.

24. De Groot-Mijnes JDF, Rothova A, Van Loon
AM, et al. Polymerase chain reaction and
Goldmann-Witmer coefficient analysis are com-
plimentary for the diagnosis of infectious uveitis.
Am J Ophthalmol. 2006;141(2):313–318.

25. Hui Y, Wu Z, Qin Z, et al. Micro-droplet digital
polymerase chain reaction and real-time quantita-
tive polymerase chain reaction technologies pro-
vide highly sensitive and accurate detection of Zika
virus. Virol Sin. 2018;33:270–277.

26. Giovannelli I, Ciccone N, Vaggelli G, et al. Utility
of droplet digital PCR for the quantitative detec-
tion of polyomavirus JC in clinical samples. J Clin
Virol. 2016;82:70–75.

27. Limothai U, Chuaypen N, Poovorawan K, et al.
Reverse transcriptase droplet digital PCR vs
reverse transcriptase quantitative real-time PCR
for serum HBV RNA quantification. J Med Virol.
2020;92(12):3365–3372.

28. Van der Lelij A, Ooijman FM, Kijlstra A,
et al. Anterior uveitis with sectoral iris atro-
phy in the absence of keratitis. Ophthalmology.
2000;107(6):1164–1170.

29. Chee SP, Bacsal K, Jap A, et al. Corneal endothe-
liitis associated with evidence of cytomegalovirus
infection. Ophthalmology. 2007;114(4):798–
803.

30. Yang P, Zhang W, Chen Z, et al. Development of
revised diagnostic criteria for Fuchs’ uveitis syn-
drome in a Chinese population. Br J Ophthalmol.
2022;106(12):1678–1683.



Herpetic Anterior Uveitis in Chinese Patients TVST | April 2025 | Vol. 14 | No. 4 | Article 2 | 11

31. Hossain RR, Al-Ani HH, Sims JL, et al. Rates
of spondyloarthropathies vary with age and eth-
nicity in HLAB27 uveitis. Br J Ophthalmol.
2021;105(10):1395–1398.

32. Niederer RL, Ma SP, Wilsher ML, et al. Systemic
associations of sarcoid uveitis: correlation with
uveitis phenotype and ethnicity. Am J Ophthalmol.
2021;229:169–175.

33. Miserocchi E, Waheed NK, Dios E, et al. Visual
outcome in herpes simplex virus and varicella

zoster virus uveitis: a clinical evaluation and com-
parison. Ophthalmology. 2002;109(8):1532–1537.

34. Touhami S, Qu L, Angi M, et al. Cytomegalovirus
anterior uveitis: clinical characteristics and long-
term outcomes in a French series. Am J Ophthal-
mol. 2018;194:134–142.

35. Qian Z, Fan H, Tao Y, et al. Herpetic anterior
uveitis in a Chinese referral center: clinical manifes-
tations and laboratory test results. Ocul Immunol
Inflamm. 2020;28(5):758–763.


