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Abstract

Background: Quantifying anti-desmoglein (anti-Dsg) antibodies and indirect immunofluorescence (IIF) are
valuable methods for diagnosing and assessing the severity of pemphigus vulgaris (PV). Location-specific
Pemphigus Disease Area Index (PDAI) scoring may better reflect disease activity than total PDAI scores.

Objectives: To explore correlations between anti-Dsg1, anti-Dsg3 antibody levels, IIF titers, and location-spe-
cific PDAI scores in Vietnamese patients with PV.

Methods: A cross-sectional study was conducted on 48 PV patients, including newly diagnosed or those off
immunosuppressive therapy for at least one month. Anti-Dsgl and anti-Dsg3 levels were measured by ELI-
SA, and IgG antibodies were assessed by IIF.

Results: Among 48 patients (mean age 56.15 years; 64.58% female), anti-Dsgl positivity was 91.67%, and
anti-Dsg3 positivity was 66.67%. Anti-Dsgl positivity was significantly higher in patients with cutaneous
lesions (97.73% vs. 25.00%; P=0.0009), while anti-Dsg3 positivity was higher in those with mucosal lesions
(92.86% vs. 30.00%; P<0.0001). Anti-Dsg1 levels correlated with cutaneous PDAI (r=0.378; P=0.0081), and anti-
Dsg3 levels strongly correlated with mucosal PDAI (r=0.795; P<0.0001). IIF titers correlated with total PDAI
(r=0.377; P=0.0082) and mucosal PDAI (r=0.389; P=0.0062), and were associated with anti-Dsg3 levels
(r=0.444; P=0.0015). Higher anti-Dsgl levels were observed in IIF-negative patients compared to IIF-positive
ones. Serum levels of anti-Dsg3 were higher in the IIF-positive group compared to the IIF-negative group
(median 114.63 RU/ml vs. 13.9 RU/ml, P=0.0369).

Conclusion: Severity of PV, assessed by location-specific PDAI scores, correlates significantly with anti-Dsg
ELISA levels and IIF titers. Integrating clinical scoring with serological and immunofluorescence assays enha-
nces disease monitoring in PV.

Keywords: Desmoglein 1, desmoglein 3, indirect immunofluorescence, Pemphigus Disease Area Index, pem-
phigus vulgaris.
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Introduction

emphigus vulgaris (PV) is the most prevalent

form of pemphigus diseases, which are auto-
immune conditions marked by blistering on the
skin and mucous membranes.2 In PV, autoanti-
bodies (Ab) play a critical role by targeting des-
moglein (Dsg) molecules 1 and 3 (anti-Dsgl and
anti-Dsg3), which are essential for maintaining

intercellular adhesion in the epidermis.23 Both
indirect immunofluorescence (IIF) and enzyme-
linked immunosorbent assay (ELISA) are impor-
tant diagnostic methods for PV, with ELISA
being more sensitive and specific than IIF. ELISA
is also beneficial for classifying the disease, eva-
luating its severity, and monitoring disease acti-
vity. The severity of skin lesions is associated
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with anti-Dsgl antibody levels, while that of
mucosal lesions is linked to anti-Dsg3 antibody
levels. Predicting disease progression solely thro-
ugh clinical evaluation is challenging.*5 There-
fore, quantifying the concentrations of anti-Dsgl
and anti-Dsg3 antibodies using ELISA offers an
objective approach to disease monitoring. How-
ever, some studies have shown no correlation in
certain patients. Some patients remain anti-Dsg
positive during stable disease stages, at lower
levels compared to active disease stages.® Harm-
an's study demonstrated high ELISA values in
patients during the quiescent disease period.”

Antibody titers measured by IIF are also rela-
ted to disease severity but are not sufficient for
selecting treatment methods, prognosis, or moni-
toring disease activity. Meanwhile, anti-Dsg1 and
anti-Dsg3 are related to IIF results, disease phe-
notype, and treatment status.> The Pemphigus
Disease Area Index (PDAI) is one of the most
reliable scoring systems for assessing disease sev-
erity. Scoring PDAI according to cutaneous and
mucosal lesions separately provides better repre-
sentativeness than the total PDAI score.89 Prev-
ious studies have mainly assessed disease seve-
rity based on the total PDAI and the severity of
the disease by location has not been thoroughly
demonstrated.

In Vietnam, the IIF technique has been a stan-
dard procedure for some time, whereas the use of
anti-Dsg ELISA is a more recent development.
Consequently, this research seeks to assess the
relationship between anti-Dsgl and anti-Dsg3
ELISA results with IIF and region-specific PDAI
scores.

Methods

This is a cross-sectional descriptive study. A total
of 48 patients with PV were selected for the stu-
dy. Of these, 23 had previously been treated with
one or more immunosuppressive medications,
which had been stopped taking at least a month
before the study began. The remaining 25 pati-
ents were newly diagnosed and had not yet rece-
ived any treatment. Diagnosis was confirmed
through typical clinical signs, histopathological
analysis, and immunofluorescence (indirect and

direct).10 Patients with malignancies, infections,
autoimmune diseases, or immune deficiencies
were excluded from the study. All participants
were provided informed consent. Recruitment
took place between April 2023 and December
2023.

Patients with pemphigus were categorized
according to the location of their lesions-whether
they had cutaneous, mucosal, or both cutaneous
and mucosal lesions-as well as based on the pre-
sence of either cutaneous or mucosal lesions. Dis-
ease severity was evaluated using the PDAI sco-
re, categorized as mild (0 to 8 points), moderate
(9 to 24 points), and severe (25 points or higher).1
The scoring included both cutaneous PDAI and
mucosal PDAI, where total PDAI = cutaneous
PDAI + mucosal PDAIL?

ELISA kits (IgG) EUROIMMUN anti-Dsgl
and anti-Dsg3 (EUROIMMUN Medizinische Lab-
ordiagnostika, Liibeck, Germany) were used. Ser-
um from PV patients was collected and stored at -
80°C until analysis, diluted at a ratio of 1:100 in
sample buffer. Results were measured in relative
units (RU): < 20 RU/ml-negative; > 20 RU/ml-
positive. If the serum sample measurement sur-
passed the standard substance 1 value (200 RU/
ml), samples were retested at dilutions of 1:400,
1:800, and 1:1600, with the resulting RU/ml val-
ues multiplied by factors of 4, 8, and 16, respec-
tively.

The serum was sequentially diluted with PBS
(phosphate-buffered saline) buffer to quantify
IgG antibodies against keratinocyte cells by IIF
technique. The human dermal substrate was inc-
ubated with serum plus a secondary antibody,
Polyclonal Rabbit Anti-Human IgG/FITC (Nr. F
100202 Edition/Ausgabe 01.01.032.3, Denmark).
Each serum sample was examined under fluo-
rescence microscopy. Positive anti-intercellular
antibodies were indicated by fluorescent staining
patterns on desmosomes of the epidermal inter-
cellular substance. Each serum sample was dilu-
ted starting from 1/20, and if fluorescence was
observed, dilution levels were increased gradu-
ally to 1/40, 1/80, 1/160, 1/320, etc. Serum sam-
ples were considered positive if immunofluores-
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cence was detected at a dilution of 1/20 or hi-
gher.

Descriptive statistics were reported as mean
(standard deviation, SD) for continuous variables
with normal distribution, or median (interquar-
tile ranges, IQR) for non-normal continuous vari-
ables, and frequency (percentages) for categorical
variables. Normality of continuous variables was
checked using graphical methods and the Sha-
piro-Wilk test. Absolute and relative frequencies
(%) of IIF, anti-Dsgl Ab, and anti-Dsg3 Ab were
presented. Differences in positive rates between
subgroups based on lesion location were analy-
zed using the Chi-square test or Fisher’s exact test
if over 20% of the contingency table cells had exp-
ected frequencies less than 5. The Mann-Whitney
U test compared absolute values of anti-Dsgl Ab
and anti-Dsg3 Ab between subgroups by relative
IIF, while the Kruskal-Wallis test compared les-
ion locations. Spearman’s correlation assessed

relationships between IIF, anti-Dsgl Ab, anti-
Dsg3 Ab, and PDAI (total, cutaneous, and muc-
ous) in absolute values.

The study received approval from the
Research Ethics Committee of Hanoi Medical
University under decision No. 838/GCN-
HDDDNCYSH-DHYHN, dated March 27, 2023.

Results

The study involved 48 individuals diagnosed
with PV, their characteristics were shown in
Table 1. The median total PDAI score was 22.50
(IQR: 21.50), with cutaneous PDAI at 18.00 (IQR:
21.50) and mucosal PDAI at 2.00 (IQR: 7.50). The
median anti-Dsgl Ab level was 232.00 RU/ml
(IQR: 410.14) with 91.67% positivity, and the
median anti-Dsg3 Ab level was 65.75 RU/ml
(IQR: 218.22) with 66.67% positivity. The IIF
positivity rate was 85.42%, with a median
antibody titer of 1/160 (IQR: 1/600).

Table 1: General characteristics of pemphigus vulgaris patients (n=48).

Characteristics
Age 56.15 (15.15)
Age groups, n (%) 1 (2.08)
30-39 years 6 (12.5)
40-49 years 14 (29.17)
50-59 years 9 (18.75)
60-69 years 7 (14.58)
=70 years 11 (22.92)
Gender, n (%) Female 31 (64.58)
Male 17 (35.42)
Diseases duration (months) median (IQR) 5.5 (34)
Age at onset (years) mean (SD) 53.90 (15.24)
Location, n (%) Cutaneous 20 (41.67)
Mucosal 4 (8.33)
Both cutaneous and mucosal 24 (50)
Disease severity, n (%) Mild 14 (29.17)
Moderate 18 (37.5)
Severe 16 (33.33)
Treatment, n (%) No treatment 25 (52.08)
Corticosteroids 23 (47.92)
Azathioprine 4 (8.33)
Methotrexate 5 (10.42)
Mycophenolat mofetil 0 (0)
Rituximab 1 (2.08)
Traditional medicines 14 (29.17)
Comorbidities, n (%) Hypertension 7 (14.58)
Diabiates 3 (6.25)
PDAI (pemphigus disease area index)
Total PDAI median (IQR) 22.50 (21.50)
Cutaneous PDAI median (IQR) 18.00 (21.50)
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Mucosal PDAI median (IQR) 2.00 (7.50)
Serum levels of anti-Dsgl Ab

Quantification (RU/ml) median (IQR) 232.00 (410.14)
Qualitative (positive) n (%) 44 (91.67)
Serum levels of anti-Dsg3 Ab

Quantification (RU/ml) median (IQR) 65.75 (218.22)
Qualitative (positive) n (%) 32 (66.67)

ITF (Indirect immunofluorescence)

Antibody titer median (IQR) 1/160 (1/600)
Qualitative (positive) n (%) 41(85.42)

IQR: interquartile range; SD: standard deviation

Table 2: Positive ELISA rates with anti-Dsg Ab according to location with or without lesions.

Locations

Anti-Dsgl Ab positive

Anti-Dsg3 Ab positive

Cutaneous lesion

n (%) n (%)

Yes (n=44) 43 (97.73) 28 (63.64)
No (n=4) 1 (25.00) 4 (100.00)
P-value 0.0009* 0.2863*
Mucous lesion

Yes (n=28) 25 (89.29) 26 (92.86)
No (n=20) 19 (95) 6 (30)
P-value 0.6309* <.0001t
Cutaneous lesion (n=20) 19 (95) 6 (30)
Both cutaneous and mucous lesion (n=24) 24 (100) 22 (91.67)
P-value 0.0004* <.0001*

*Fisher’s exact test; TChi-square test; Dsg: Desmoglein

Among PV patients, 91.67% tested positive
for anti-Dsgl Ab, while 66.7% tested positive for
anti-Dsg3 Ab. The overall positive rate for indi-
rect immunofluorescence (IIF) was 85.42%. Ana-
lysis by lesion location showed a higher anti-
Dsgl Ab positivity in patients with cutaneous les-
ions compared to those without (97.73% vs.
25.0%; P=0.009). Similarly, patients with mucosal
lesions had a higher rate of anti-Dsg3 Ab posi-
tivity compared to those without (92.86% vs. 30%;
P<0.0001). Significant differences in anti-Dsgl Ab
and anti-Dsg3 Ab positivity were observed across
cutaneous, mucosal, and combined lesion groups
(P=0.0004 and P=0.0001, respectively) (Table 2).

Serum levels of anti-Dsg3 Ab were higher in
the IIF-positive group compared to the IIF-nega-
tive group (median 114.63 RU/ml vs. 13.9 RU/
ml, P=0.0369). Conversely, anti-Dsgl Ab levels
were higher in the IIF-negative group compared
to the IIF-positive group (median 726.08 RU/ml
vs. 194.84 RU/ml, P=0.0029). Anti-Dsgl and anti-
Dsg3 antibody levels differed between at least

two of the three subgroups according to lesion
location (P < 0.05). Anti-Dsgl Ab level was high-
est in patients with cutaneous lesions, anti-Dsg3
Ab level was highest in patients with only muco-
sal lesions (as shown in Figure 1).

There were correlations between anti-Dsgl
Ab and cutaneous PDAI (r=0.378, P=0.0081); anti-
Dsg3 Ab and mucosal PDAI (r=0.7948, P<0.001);
anti-Dsg3 Ab and IIF (r=0.4447, P=0.0015). Anti-
Dsg3 Ab ELISA correlated with IIF (r=0.444,
P=0.0015). IIF showed correlation with total PDAI
(r=0.377, P=0.0082) and mucosal PDAI (r=0.389,
P=0.002), illustrated in Figure 2.

Discussion

In our study, all 48 patients diagnosed with PV
displayed either skin or mucosal lesions. The not-
ably high prevalence of positive anti-Dsgl
(91.67%) likely stems from the majority of pati-
ents presenting both types of lesions. The corre-
lation between autoantibody findings and clinical
manifestations can be elucidated by the desmo-
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Figure 1: Desmoglein 1 and 3 liters according to (A) Indirect Immunofluorescence and (B) Lesion location.

glein compensation theory, which suggests that
desmoglein 1 and desmoglein 3 can compensate
for each other’s function in cell adhesion when
co-expressed, thereby impacting adhesive cap-
abilities when one is compromised.31213

There exists a direct relationship between the
positivity rates of IIF and the presence of anti-
Dsg3 Ab, but not with anti-Dsgl Ab. This obser-
vation aligns with Avgerinos’s findings.1* How-
ever, some participants exhibited divergent out-
comes in this investigation. For instance, one ind-
ividual presented with skin lesions despite test-
ing negative for both anti-Dsg1l and anti-Dsg3 Ab.
Conversely, certain patients with skin lesions
lacked anti-Dsgl Ab, and others with mucosal

lesions were devoid of anti-Dsg3 Ab. Notably, a
patient with skin lesions (cutaneous PDAI=5) tes-
ted negative for both anti-Dsgl and anti-Dsg3 Ab,
despite showing a positive IIF result. Hence, a
comprehensive approach integrating clinical cri-
teria, IIF, and ELISA outcomes proves essential
for precise diagnosis in these instances.10

In PV cases, IIF sensitivity ranges between
70% and 90%, contingent upon substrate type.l5
Research underscores ELISA's utility as a diag-
nostic adjunct in PV cases where IIF yields nega-
tive results.’® ELISA demonstrates heightened
sensitivity and specificity for detecting serum IgG
against anti-Dsgl and anti-Dsg3 compared to
IIF.1517 It furnishes an objective means to quantify
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autoantibodies, discerning between pemphigus
phenotypes. Conversely, IIF, a semi-quantitative
technique for serum IgG autoantibody assess-
ment, involves subjective interpretation based on
fluorescence intensity. Studies on the correlation
between IIF results and PV severity have yielded
mixed outcomes. Some indicated that PV anti-
body titers measured via IIF effectively gauge
disease activity, while others argue IIF lacks con-
sistent correlation with disease severity, thus pro-
ving inadequate for guiding treatment selection
or disease progression monitoring.15

In this study, we identified a correlation bet-
ween anti-Dsg3 levels and IIF, whereas no such
correlation was observed between anti-Dsgl
levels and IIF. Zivanovi¢’s research demonstrated
strong correlations between IIF values and anti-
Dsg3 Ab (r=0.742, P<0,01); and anti-Dsgl Ab
(r=0.372, P=0.02).1¢ However, we noted higher

levels of anti-Dsgl in the IIF-negative group
compared to the IIF-positive group. This discre-
pancy may be attributed to the small sample size
of the IIF-negative group (only seven patients),
which limited our ability to draw definitive con-
clusions. Notably, approximately half of our stu-
dy participants had received prior immunosup-
pressive therapy, predominantly corticosteroids,
with a third using traditional remedies, poten-
tially influencing our findings.

To comprehensively evaluate disease activity,
it is crucial to consider both anti-Dsg Ab and IIF.
Our findings on the relationship between Dsg
ELISA outcomes and clinical phenotypes have
had a similar patterns which were observed in
Avgerinou’s research, highlighting marked diffe-
rences in serum anti-Dsg3 levels between groups
exhibiting only mucosal lesions and those with
both cutaneous and mucosal lesions (P=0.004).14
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The highest anti-Dsg1 levels were observed in the
cutaneous phenotype and the highest anti-Dsg3
levels were observed in the mucosal phenotype.
These observations align with global studies that
link serum anti-Dsgl levels to the severity of
cutaneous lesions and anti-Dsg3 levels to the
severity of mucosal lesions.518 Patsatsi A’s study
in Greece emphasized a strong correlation bet-
ween total PDAI scores and anti-Dsgl levels in
patients with cutaneous-mucosal lesions, albeit
with a weaker correlation noted with anti-Dsg.319

Nevertheless, the correlation between anti-
Dsg Ab and disease severity remains content-
ious.>1718 Li reported no significant correlation
between conventional anti-Dsg3 Ab and PDAI
scores.?0 Although the overall study cohort sho-
wed a significant association between anti-Dsg
and disease severity, specific cases exhibited dis-
crepancies. For instance, Zhelyazkova documen-
ted a case of newly diagnosed mucosal PV with
initially negative levels of anti-Dsg3 (10.911
RU/ml) and anti-Dsgl (16.776 RU/ml).2! Simi-
larly, Balighi identified eight female pemphigus
patients with initially negative anti-Dsgl/anti-
Dsg3 Ab levels; one patient with both cutaneous
and mucosal lesions initially tested negative for
both types of anti-Dsg Ab ELISA.22 In this study,
one patient presented with either cutaneous or
mucosal lesions; however, ELISA results were
negative for both types of anti-Dsg. This pheno-
menon may be elucidated by the presence of non-
Dsg IgG autoantibodies implicated in the disease
pathogenesis.232 Furthermore, the disease patho-
genesis involves interactions beyond antibodies,
including T cells, myeloid cells, and various cyto-
kines 324

The present study reiterated earlier discove-
ries on the link between anti-Dsgl Ab and the
extent of skin lesions, between anti-Dsg3 Ab and
the severity of mucosal lesions. Nevertheless,
akin to prior research, the correlation between cli-
nical presentations and antibody levels was not
uniform. What sets this study apart from its pre-
decessors is its distinct examination of cutaneous
and mucosal PDAI in relation to both IIF and
anti-Dsg Ab.

Nevertheless, this study faces several limita-
tions. It includes data from both newly diagnosed
PV patients and those previously treated with
immunosuppressive medications, which may in-
fluence antibody levels. Additionally, our cross-
sectional study design was constrained by a rela-
tively small sample size. Consequently, correla-
tions with P<0.05 should be interpreted cau-
tiously and require validation in larger, prospec-
tive studies.

Conclusion

There was a correlation between disease severity
as assessed by PDAI location scores, IIF, and anti-
Dsg Ab. The combination of these two tests pro-
vided more accurate information for diagnosing
the disease and assessing overall severity across
affected areas (skin and mucosa).
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