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Abstract. Immunoglobulins serve immunomodulatory roles in 
numerous autoimmune diseases. The aim of the present study 
was to investigate the correlations between serum Ig levels 
and retinal structural parameters in patients with newly diag‑
nosed acute Vogt‑Koyanagi‑Harada (VKH) disease. A total of 
138 participants were enrolled and the foveal thickness (FT), 
serous retinal detachment (SRD), sensory retinal thickness, 
central FT (CFT), cube volume (V) and cube average thick‑
ness (AT) were assessed by optical coherence tomography. 
The patients were divided, according to the extent of SRD, into 
a high‑detachment group (>500 µm) and a low‑detachment 
group (≤500 µm). Rate‑scattering turbidimetry was performed 
to measure the Ig levels. The high‑detachment group 
comprised 51 (36.96%) patients. The proportion of males was 
significantly greater in the high‑detachment group compared 
with the low‑detachment group (58.82 vs. 40.23%; P<0.05) 
and best‑corrected visual acuity was significantly worse in the 
high‑detachment group compared with the low‑detachment 
group (P<0.001). The IgE levels in the high‑detachment group 
were significantly greater compared with the low‑detachment 
group (P<0.05). FT, SRD, CFT, V and AT were significantly 
greater in the high‑detachment group compared with the 
low‑detachment group (P<0.001). The IgE levels were positively 

associated with SRD, CFT and AT (P<0.05). Multivariate 
binary logistic regression analysis demonstrated that male sex 
(B=2.447; P<0.05) and serum IgE levels (B=0.997, P<0.05) 
may be independent risk factors for severe SRD. The results of 
the present study demonstrated that males are more likely to 
develop severe SRD and that serum IgE levels were associated 
with the extent of detachment. These data suggested that IgE 
may be involved in the progression of VKH disease.

Introduction

Vogt‑Koyanagi‑Harada (VKH) disease is an autoimmune 
disease that is relatively common in China and is character‑
ized by ophthalmic, auditory, dermatologic and neurologic 
effects. The most common ophthalmic manifestation of 
VKH disease is granulomatous intraocular inflammation. 
Serous retinal detachment (SRD) is the most common ocular 
manifestation in patients presenting in the acute phase of 
VKH disease (1,2).

The etiology and pathogenesis of VKH disease are still 
unknown. One putative mechanism may involve an autoim‑
mune response to melanocytes, which is mediated through 
CD4+ T cells (3). Changes in the ratio of CD4+ lymphocytes 
and CD4+/CD8+ cells were observed in skin lesions of patients 
with VKH disease. Histopathology of skin lesions demon‑
strated that in addition to diffuse infiltration of activated T 
cells in the choroid membrane, the lesions also contained infil‑
trations of plasma cells, multinucleated giant cells and other 
cells, which suggested that humoral immunity may also serve 
a role in the pathogenesis of VKH disease (4).

Immunoglobulins are globulin proteins with antibody‑like 
structures that exert important immune antibody activities. 
Upon stimulation by an antigen, B cells proliferate and differ‑
entiate into plasma cells, which secrete antigen‑relevant Ig 
antibodies involved in the regulation of humoral immunity. Igs 
also serve immunomodulatory roles by neutralizing specific 
antigens and activating the complement system (5). Studies 
have demonstrated that serum IgG, IgA and IgM also serve 
important roles in numerous diseases, including autoim‑
mune hemolytic anemia, IgA nephropathy and autoimmune 
hepatitis (6‑8). It has also been reported that the serum IgG, 
IgA and IgM levels were significantly increased in patients 
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with rheumatoid arthritis and the changes in these levels were 
associated with disease activity (9). Elevated IgE levels were 
detected in patients with other autoimmune diseases, including 
systemic lupus erythematosus and bullous pemphigoid, and 
IgE autoantibodies were also detected in these patients (10,11). 
Previous studies have also reported higher serum total 
IgE levels in patients with types of autoimmune uveitis, 
including acute iridocyclitis, Eales' disease, pars planitis and 
multifocal choroiditis compared with normal control group 
patients (12,13).

However, few previous studies have assessed Ig levels 
in patients with VKH disease or examined the correlation 
between Ig levels and retinal structural parameters. Therefore, 
in the present study, the medical records of patients admitted 
to Shanghai Xuhui Central Hospital with acute VKH disease 
were reviewed and the serum Ig levels in these patients were 
analyzed according to the extent of SRD. Correlations between 
Ig levels and changes in retinal structure in acute VKH disease 
were also examined.

Materials and methods

Ethics approval. The present study was approved by the 
Shanghai Xuhui Central Hospital Ethics Committee (Shanghai, 
China; approval no. 2020‑179). These protocols followed the 
tenets of The Declaration of Helsinki, and written informed 
consent was obtained from all patients or their guardian after 
obtaining ethics approval and prior to performing the analysis.

Patients. This was a retrospective clinical study. The authors 
retrieved the medical records of patients with newly diagnosed 
acute VKH who were admitted to Shanghai Xuhui Central 
Hospital (Shanghai, China) between August 2015 and June 
2020. Patients who satisfied the diagnostic criteria for acute 
VKH disease, as previously described (2), were eligible for 
inclusion in the present study. Once identified, patients were 
contacted to obtain informed consent. Patients with corneal 
disease, glaucoma, eye trauma, a history of eye surgery, 
eye developmental abnormalities or genetic diseases were 
excluded. Patients with asthma, urticaria, systemic lupus 
erythematosus, bullous pemphigoid or other systemic immune 
diseases were also excluded. Furthermore, patients who did 
not cooperate with the examinations or patients with corneal 
or lenticular opacity were excluded. The best‑corrected visual 
acuity (BCVA), which was taken as the converted logarithm 
of the minimum angle of resolution (logMAR), and the 
interval between the onset of ocular symptoms and initiation 
of treatment were retrieved from the patients' medical records. 
Optical coherence tomography (OCT) and serum data, 
assessed at the same time as BCVA, were also retrieved from 
the medical records.

OCT examination of the macular area. OCT was performed at 
the time of admission to hospital. Patients' pupils were dilated 
with tropicamide (0.5% tropicamide and 0.5% deoxyepineph‑
rine hydrochloride) eye drops before the examination. The 
macular areas were scanned using a Cirrus HD‑OCT 4000 
OCT scanner (Carl Zeiss AG) with software version 4.0. All 
patients were scanned in both the macular cube mode and with 
a five‑line raster.

The macular cube 512x128 mode scanned a 6.0x6.0 mm 
square region centered on the fovea. The central foveal thick‑
ness (CFT; assessed in the central 1 mm subfield), cube volume 
(V) and cube average thickness (AT) were automatically 
quantified by the software (Fig. 1A).

In the five‑line raster scanning mode, the distance between 
each line was 0.25 mm and the transverse scans were centered 
on the fovea. Foveal thickness (FT), SRD and sensory retinal 
thickness (SRT) were quantified manually using the software's 
caliper. FT boundaries were set as the internal limiting membrane 
and the inner boundary of the retinal pigment epithelium (RPE) 
layer. SRD was defined as the distance from the inner boundary 
of the sensory layer to the internal boundary of the RPE layer 
in the fovea. SRT was defined as the distance from the inner 
boundary membrane in the fovea to the inner boundary of the 
sensory layer (Fig. 1B). Each measurement was repeated twice 
and the mean value was recorded. The patients were divided 
into two groups based on the SRD, a high‑detachment group 
(>500 µm) and low‑detachment group (≤500 µm).

Measurement of serum Igs, CRP and TNF‑α levels. Fasting 
venous blood samples were obtained at the time of admission 
and the sera were separated and stored at ‑20˚C until testing. 
Ig levels were quantified by rate‑scattering turbidimetry on 
a BN II System automatic analyzer (Siemens Healthineers). 
CRP and TNF‑α levels were assessed using ELISA kits (R&D 
Systems, Inc.).

Statistical analysis. SPSS version 15.0 (SPSS, Inc.) was used 
for statistical analyses. Data were tested for a normal distri‑
bution using the Kolmogorov‑Smirnov test. Data that did not 
conform to a normal distribution were presented as the median. 
The Mann‑Whitney U test was used for comparisons between 
the two groups. Pearson's χ2 test was used to test categorical 
variables. In all analyses, P<0.05 was considered to indicate a 
statistically significant difference.

Results

General clinicopathological characteristics of patients. The 
present study included 138 patients, of whom 67 were male 
(48.55%). The median age was 41.5 years (range, 14‑76 years) 
and the mean interval between the onset of ocular symptoms 
and initiation of treatment was 17.71 days (range, 2‑90 days). 
The mean logMAR BCVA was 0.76±0.56.

General clinicopathological characteristics of patients in 
the two groups are presented in Table I. Of the138 patients, 
51 were included in the high‑detachment group, 30 of whom 
were male (58.82%). The other 87 patients were included in 
the low‑detachment group, of whom 35 were male (40.23%). 
In the high‑detachment group, the median age was 42 years 
[interquartile range (IQR), 28‑52] and the median interval 
between the onset of ocular symptoms and initiation of treat‑
ment was 10 days (IQR, 7‑20). The median logMAR BCVA 
for the high‑detachment group was 1.0 (IQR, 0.6‑1.3). In the 
low‑detachment group, the median age was 41 years (IQR, 
28‑50) and the median interval between the onset of ocular 
symptoms and initiation of treatment was 14 days (IQR, 7‑21). 
The median logMAR BCVA for the low‑detachment group 
was 0.5 (IQR, 0.3‑0.7).
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The proportion of males (P=0.035) and the logMAR 
BCVA (P<0.001) were significantly different in the 
high‑detachment group compared with the low‑detachment 
group. However, there were no significant differences in 
the age of onset (P=0.841) or the interval between the onset 
of ocular symptoms and initiation of treatment (P=0.535) 
between the two groups.

Serum Ig, CRP and TNF‑α levels. The serum IgA, IgG, IgM, 
IgE, CRP and TNF‑α levels of the two groups are presented 
in Table II. There were no significant differences in the serum 
levels of IgA (P=0.304), IgG (P=0.208), IgM (P=0.865), CRP 
(P=0.082) or TNF‑α (P=0.099) between the high‑ and the 
low‑detachment groups. However, the serum IgE level was 
significantly greater in the high‑detachment group compared 
with the low‑detachment group (P=0.016).

Comparison of Oct macular area morphologic characteristics. 
The FT, SRD, SRT, CFT, V and AT macular parameters of the 
high‑ and low‑detachment groups are presented in Table III. FT 
(P<0.001), SRD (P<0.001), CFT (P<0.001), V (P<0.001) and 
AT (P<0.001) were significantly higher in the high‑detachment 
group compared with the low‑detachment group. However, 
although SRT was not identified as significantly different 
between the high‑ and the low‑detachment groups (P=0.052), 
it was markedly greater in the high‑detachment group.

Correlations and associations between IgE, BCVA and OCT 
macular characteristics. Correlations between IgE or BCVA 
and OCT assessed macular characteristics are presented 
in Table  IV. The serum IgE levels were weakly positively 
associated with SRD (r=0.136; P=0.024), CFT (r=0.137; 
P=0.023) and AT (r=0.125; P=0.038). Moreover, the BCVA 
was significantly positively correlated with FT (r=0.644; 
P<0.001), SRD (r=0.618; P<0.001), SRT (r=0.160, P=0.008), 
CFT (r=0.588; P<0.001), V (r=0.596; P<0.001) and AT 
(r=0.554; P<0.001).

Analysis of risk factors for severe SRD. Multivariate binary 
logistic regression was performed using IgA, IgG, IgM, IgE, 

CRP and TNF‑α as the independent variables and severity of 
SRD (SRD >500 µm=1; SRD ≤500 µm=0) as the dependent 
variable. Age, sex (male=1; female=2) and interval between 
ocular symptom onset and initiation of treatment were also 
included for adjustment. In this analysis, male (P=0.049) and 
serum IgE level (P=0.014) were identified as putative signifi‑
cant independent risk factors for severe SRD (Table V). The 
receiver operating characteristic curve analysis demonstrated 
that the area under the curve for IgE as a diagnosis of severe 
SRD was 0.623 (P=0.016).

Discussion

All of the patients included in the present study were of Han 
Chinese ethnicity. The mean age at onset of VKH disease was 
41.65 years (range 14‑76 years). The percentage of females 
(51.45%) was lower compared with a previous report  (3). 
Possible explanations may include the differing sample sizes 
or racial differences (3). However, the proportion of males was 
significantly greater in the high‑detachment group than in the 
low‑detachment group and the regression analysis demon‑
strated that male sex was a significant risk factor for SRD in 
this cohort of patients with VKH disease. These results suggest 
that, among Han Chinese, males with acute VKH disease are 
more likely than females to present with severe SRD.

VKH disease is a common type of panuveitis. As choroidal 
inflammation develops, it first affects the adjacent RPE layer, 
causing it to crease. As choroidal vascular permeability 
increases, inflammatory choroidal fluid accumulates beneath 
the neuroepithelium, which causes neuroepithelial detach‑
ment. Fluorescein and indocyanine green angiography can 
be used to detect any leaks from retinal blood vessels that 
may lead to SRD. SRD is a common manifestation of VKH 
disease that indirectly reflects the severity of inflammation (1). 
OCT, a non‑invasive imaging modality, can provide clear 
tomographic images that demonstrate the microstructure of 
the retina (14). The extent of SRD can be quantified using 
numerous OCT parameters. In the present study, the age at 
onset and the interval between ocular symptom onset and 
initiation of treatment were not significantly different between 

Figure 1. Representative optical coherence tomography images of the fovea. (A) The macular cube 512x128 scan was used to automatically measure the CFT, 
V and AT. (B) The horizontal B scan was used to manually measure FT, SRD and SRT. AT, cube average thickness; CFT, central fovea thickness; FT, foveal 
thickness; SRD, serous retinal detachment; SRT, sensory retinal thickness; V, cube volume.
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the high and low‑detachment groups. However, FT, SRD, CFT, 
V and AT were significantly greater in the high‑detachment 
group than in the low‑detachment group, demonstrating that 
the leakage caused by inflammation was more severe in the 
high‑detachment group. However, SRT was not significantly 
different between the two groups, which suggested that in 
the acute stage, the inflammatory process had not caused 
marked changes in the sensory layer of the retina. Although 
not statistically significant, SRT was generally greater in the 
high‑detachment group. The BCVA was significantly worse 
in the high‑detachment compared with the low‑detachment 
group, it was significantly positively correlated with FT, SRD, 
SRT, CFT, V and AT. These findings demonstrated that OCT 
scans in patients with acute VKH disease not only depicted 
changes in the retinal structure, but also indirectly reflected 
the patient's disease severity and BCVA.

The present study demonstrated no significant differences 
in the serum IgA, IgG, IgM, CRP or TNF‑α levels when 
compared between the high‑ and low‑detachment groups. 
However, the serum IgE level was significantly greater in the 
high‑detachment group compared with the low‑detachment 
group. IgE synthesis is regulated through a number of factors, 
including T lymphocytes, B lymphocytes and numerous 
cytokines (15). The interaction between CD40 on the surface 
of B lymphocytes and CD40L expressed by CD4+ T lympho‑
cytes is crucial for mediating antigen‑specific IgE responses 
in vivo. The IgE response is dependent on T lymphocytes 
because the activation of B lymphocytes requires the addi‑
tional T lymphocyte factors IL‑4 and IL‑3 (16). IgE is highly 
sensitive to the T cell‑derived cytokine environment because it 
is regulated by cytokines secreted from CD4+ T cells (15). The 
most widely recognized pathogenesis of VKH disease involves 

Table I. General clinicopathological characteristics of patients with serous retinal detachment.

Clinicopathological characteristic	 High‑detachment group	 Low‑detachment group	 P‑value

n (male; %) 	 51.00 (30.00; 58.82)	 87.00 (35.00; 40.23)	 0.035
Age, yearsa	 42.00 (28.00, 52.00)	 41.00 (28.00, 50.00)	 0.841
Interval between onset of symptoms	 10.00 (7.00, 20.00)	 14.00 (7.00, 21.00)	 0.535
and initiation of treatment, daysa	 		
logMAR BCVAa	 1.00 (0.60, 1.30)	 0.50 (0.30, 0.70)	 <0.001

aData are presented as median (interquartile range). BCVA, best‑corrected visual acuity; logMAR, log of the minimum angle of resolution.

Table III. Comparison of the OCT parameters FT, SRD, SRT, CFT, V and AT between patients with serous retinal detachment.

OCT parameter	 High‑detachment groupa	 Low‑detachment groupa	 P‑value

FT, µm	 864.00 (661.00, 1247.25)	 324.50 (232.00, 446.25)	 <0.001
SRD, µm	 701.00 (421.75, 997.25)	 162.00 (96.00, 282.00)	 <0.001
SRT, µm	 141.00 (124.00, 161.25)	 134.00 (118.00, 158.50)	 0.052
CFT, µm	 813.00 (606.75, 1016.25)	 362.00 (268.75, 445.50)	 <0.001
V, mm3 	 17.60 (14.70, 20.38)	 11.80 (10.90, 13.00)	 <0.001
AT, µm	 489.50 (408.00, 566.75)	 327.50 (320.75, 360.25)	 <0.001

aData are presented as median (interquartile range). AT, cube average thickness; CFT, central fovea thickness; FT, foveal thickness; IQR, 
interquartile range; OCT, optical coherence tomography; SRD, serous retinal detachment; SRT, sensory retinal thickness; V, cube volume.

Table II. Comparison of serum IgA, IgG, IgM, IgE, CRP and TNF‑α between patients with serous retinal detachment.

Serum component	 High‑detachment groupa	 Low‑detachment groupa	 P‑value

IgA, g/l	 2.04 (1.77, 2.59)	 2.26 (1.74, 3.08)	 0.304
IgG, g/l	 11.20 (9.74, 13.05)	 11.69 (10.20, 13.76)	 0.208
IgM, g/l	 1.23 (0.92, 1.64)	 1.24 (0.86, 1.67)	 0.865
IgE, U/ml	 83.00 (30.00, 251.00)	 53.00 (32.00, 80.00)	 0.016
CRP, mg/l	 1.04 (0.50, 2.02)	 0.67 (0.30, 3.00)	 0.082
TNF‑α, pg/l	 4.60 (4.00, 6.43)	 4.21 (4.00, 5.47)	 0.099

aData are presented as median (interquartile range).
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autoimmune inflammation mediated by CD4+ T cells targeting 
melanocytes  (3). Therefore, it may be hypothesized that 
elevated IgE levels may also be involved in the autoimmune 
inflammation mediated by CD4+ T cells.

IgE is recognized as the antibody that mediates parasitic 
immunity and type I hypersensitivity. Previous studies have 
reported that the serum IgE level is elevated in patients with 
certain autoimmune diseases; IgE autoantibodies are also 
detected in a number of patients (10,12). A retrospective study 
of 1,583 patients reported that allergic diseases (53.14%) 
and autoimmune diseases (47.37%) were the most common 
disease groups associated with patients assessed as having 
elevated serum IgE levels  (17). The correlation between 
the serum total IgE level and autoimmune disease severity 
has been reported as being the same as that for specific IgE 
autoantibodies (10). Moreover, several previous studies have 
reported that elevated serum total IgE levels were closely 
associated with the activity of diseases, including systemic 
lupus erythematosus and bullous pemphigoid (18‑20). Permin 
and Wiik (21) also reported that, although immune complexes 
comprised IgE autoantibodies, IgE itself increased vascular 
permeability by mediating the release of vasoactive amines. 
In the present study, the serum IgE levels in the high‑detach‑
ment group was significantly higher compared with that in 
the low‑detachment group, and it was weakly positively asso‑
ciated with SRD, CFT and AT. Logistic regression analysis 
demonstrated that serum IgE level was an independent risk 
factor for severe SRD. We hypothesized that high IgE levels 

may lead to a marked increase in vascular permeability, 
which then progressed to severe SRD, and that high serum 
IgE levels may have contributed to the severe condition of 
patients with acute VKH disease.

To the best of our knowledge, the present study is the 
first to investigate the relationship between SRD and Igs 
in patients with acute VKH disease. However, the present 
study has certain limitations; owing to the limitations of the 
Cirrus OCT‑HD 4000 scanner, the images of the choroid 
were unclear and disease inflammation also made it difficult 
to quantify the relevant choroid parameters. Furthermore, 
the serum total IgE level was quantified but the IgE 
autoantibody levels were not assessed in patients with acute 
VKH disease.

In conclusion, males with acute VKH disease were more 
likely to present with severe SRD. Furthermore, the severity 
of SRD was associated with high serum IgE levels, which 
suggested that IgE may be involved in the pathogenesis and/or 
progression of VKH disease.
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