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Background: Bullous pemphigoid (BP) is an autoimmune subepidermal blistering disease associated with
immune response against BP-180 and BP-230. Peripheral blood eosinophilia and dermal infiltration of
eosinophils are common findings in BP.
Objective: The aim of our study was to demonstrate a statistical correlation between dermal and periph-
eral blood eosinophilia, anti BP-180, and anti BP-230 IgG and clinical severity of BP.
Methods: A total of 27 patients with newly diagnosed BP were included. Severity of disease was assessed
according to the bullous pemphigoid disease activity index (BPDAI). Anti-BP-180 and anti-BP-230 titers,
peripheral blood eosinophilia, and dermal eosinophil infiltration and tissue inflammation severity were
assessed for each patient.
Results: A significant correlation was found between the serum levels of anti-BP-180 and anti-BP-230,
and dermal eosinophilia and tissue inflammation severity with objective and subjective BPDAI scores.
In addition, there was a significant correlation between the percentage of peripheral blood eosinophils
and subjective BPDAI scores and urticarial/eczematous lesions. Moreover, the mucosal component did
not show any correlation with autoantibody levels and inflammation severities.
Conclusion: Anti-BP-180 and anti-BP-230 levels, tissue inflammation severity, and dermal eosinophilia
had a strong and significant correlation with BP severity. In addition, percentage of peripheral blood eosi-
nophilia showed a correlation with subjective BPDAI scores.

� 2020 Published by Elsevier Inc. on behalf of Women’s Dermatologic Society. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Bullous pemphigoid (BP) is the most common autoimmune
subepidermal blistering disease and typically presents in the
elderly. BP is characterized by a generalized pruritic and blistering
eruption; however, the clinical presentation can be polymorphic,
especially in the early pre-bullous phase of the disease (Van Beek
et al., 2018).

BP is an immune-mediated disease associated with a humoral
and cellular response directed against two hemidesmosomal pro-
teins: BP-180 (BPAg2, type XVII collagen) and BP-230 (BPAg1).
The binding of autoantibodies leads to an inflammatory reaction
cascade resulting in complement activation, inflammatory cell
infiltration, and the release of proteases and reactive oxygen spe-
cies that induces subepidermal separation (Ishiura et al., 2008;
Murrell et al., 2012). Enzyme-linked immunosorbent assay (ELISA)
is a sensitive method for detection of anti-BP-180 and anti-BP-230.
Almost all patients with BP develop circulating IgG autoantibodies
that bind to BP-180, but they also exhibit significant autoreactivity
to intracellular BP-230.

Studies have found that patients with BP develop an autoreac-
tive T-cell response against BP-180 and BP-230, which is probably
crucial for stimulating B-cells to produce pathogenic autoantibod-
ies. Anti-BP-180 IgG titers were demonstrated to have parallel dis-
ease activity and control in several studies. In contrast to BP180-
specific antibodies, the pathogenicity of anti-BP-230 IgG remains
undetermined (Esmaili et al., 2015; Feng et al., 2008; Izumi et al.,
2004; Koga et al., 2018; Le Saché-de Peufeilhoux et al., 2012;
Schmidt et al., 2000).

Cutaneous infiltration by eosinophils is considered an early and
crucial event in the development of bullous lesions in BP. The role
of eosinophils in the pathogenesis of BP is supported by the pres-
ence of extracellular eosinophil granules, degranulated eosino-
phils, and free granule proteins within the bullous lesions
(Bernard et al., 1987; Kridin, 2018; Marzano et al., 2009). On the
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contrary, the clinical significance and relationship between tissue
eosinophilia and disease severity has not been studied yet. More-
over, peripheral blood eosinophilia has been reported in 50% to
60% of BP cases with a positive correlation with disease severity
(Bernard et al., 1987; Kridin et al., 2018; Zuo et al., 2012). Count
of peripheral eosinophils have been shown to reflect disease activ-
ity more accurately than anti-BP-180 levels (Kenneth et al., 2014).

To the best of our knowledge, no study has focused on the cor-
relation between disease severity in BP cases and severity of der-
mal eosinophils. The objective of our study was to demonstrate a
statistical correlation between dermal and peripheral blood
eosinophilia, anti-BP-180, and anti-BP-230 IgG with clinical sever-
ity of BP.
Table 1
Clinical and histological characteristics of patients with bullous pemphigoid.

Clinical and histological variables Mean ± SD Median Range

Anti-BP180 718.99 ± 681.36 296 1.9–˃1600
Anti-BP230 133.58 ± 209.33 29.6 0.5–688
Peripheral blood eosinophilia

(count)
597.62 ± 827.76 210 0–3507

Peripheral blood eosinophilia (%) 5.38 ± 6 2 0–21
Objective BPDAI 109.44 ± 44.68 106 14–174
Erosive and bullous lesions 59.74 ± 26.39 2–95
Urticarial and eczematous lesions 41.57 ± 22.82 1–82
Pigmented and scar lesions 7.92 ± 2.5 1–11
Mucosal lesions 1.07 ± 3.14 0–13

Subjective BPDAI, n (%)
Mild (0–10) 4 (14.8%)
Moderate (11–20) 7 (25.9%)
Severe (21–30) 16 (59.3%)

Tissue inflammation, n(%)
Grade 0 (0%) 0
Grade 1 (<25%) 2 (7.4%)
Grade 2 (25%–50%) 8 (29.6%)
Grade 3 (50%–75%) 11 (40.7%)
Grade 4 (˃75%) 6 (22.2%)

Dermal eosinophils, n(%)
Grade 0 (0%) 0
Grade 1 (<25%) 6 (22.2%)
Grade 2 (25%–50%) 7 (25.9%)
Grade 3 (50%–75%) 6 (22.2%)
Grade 4 (˃75%) 8 (29.6%)

BPDAI, bullous pemphigoid disease activity index; SD, standard deviation; n,
number.
Methods

This prospective study was performed over a period of 2 years
and analyzed 27 new cases of BP admitted to the outpatient and
inpatient clinics of Razi hospital, from 2016 to 2017. The study
was approved by the ethical committee of Tehran University of
Medical Sciences (IR.TUMS.REC.1394.253).

The inclusion criteria were patients with a definite diagnosis of
BP that were new cases and who consented to participate in the
study. The diagnosis of BP was based on characteristic clinical fea-
tures suggestive of BP, subepidermal blister formation with dermal
eosinophilic infiltration based on skin biopsy test results, and lin-
ear IgG and/or C3 deposits along the dermoepidermal junction by
direct immunofluorescence. The exclusion criteria were cases with
an inconclusive diagnosis of BP or patients under treatment for
their disease.

Severity of disease was assessed with the BP disease activity
index (BPDAI), which measures separate scores of the skin (cuta-
neous blisters/erosions and cutaneous urticaria/erythema) and
mucous membrane (mucosal blisters/erosions) disease activity
based on the number and size of the lesions. Damage scores are
separate as well and included the postinflammatory pigmentation
in different skin locations. Total BPDAI score ranges from 0 to 360
(up to 240 for cutaneous activity and up to 120 for mucosal
activity).

Severity of pruritus was also determined as a major symptom of
BP by a subjective component of the BPDAI that uses a visual ana-
logue scale from 0 to 10 for the past 24 hours, past week, and past
month (score, 0–30). If a patient was incapable of completing a
reliable visual analogue scale rating, the degree of pruritus was
assessed based on the extent of excoriations, scored out of 30
(Murrell et al., 2012).

Routine histopathology (hematoxylin and eosin staining) and
direct immunofluorescence studies were performed for all
patients, and the same tissue samples were evaluated for assess-
ment of tissue inflammation and dermal eosinophils. Tissue
inflammation was scored as Grade 0 = 0%, Grade 1 < 25%, Grade
2 = 25% to 50%, Grade 3 = 50% to 75%, and Grade 4 > 75% based
on the percentage of light microscope fields that included inflam-
matory cells. In this regard, four fields of each case were evaluated
by a power of�10, each field was divided into four quadrants (each
25%), and the severity of tissue inflammation was scored according
to the existence of inflammation in each quadrant. Finally, the
mean of percent in four fields was considered the final score of tis-
sue inflammation for each case.

Dermal eosinophils were scored as Grade 0 = 0%, Grade 1 < 25%,
Grade 2 = 25% to 50%, Grade 3 = 50% to 75%, and Grade 4 > 75%
based on the mean of percentage of eosinophils among inflamma-
tory cells in the same four fields by a power of �40. Count of
inflammatory cells and eosinophils was done as cell by cell and
then converted to percentage.
To assess anti-BP-180 and anti-BP-230 antibody titers, commer-
cial ELISA kits (Anti-BP180-NC16A-4X and Anti-BP230-CF, Euroim-
mun medizinische labordiagnostika AG, Germany) were used.
Serum samples were diluted at 1:100 per the manufacturer’s
instructions, and the proposed positive cutoff value was 20 RU/ml.

All statistical analyses were performed with SPSS software (ver-
sion 21.0, IBM; Chicago, IL). Spearman correlation coefficient was
used to investigate the relationship between number of peripheral
blood eosinophils, percent of peripheral blood eosinophils, anti-BP-
180 antibody titers, anti-BP-230 antibody titers, dermal eosinophil
infiltration, and tissue inflammation severity with objective and
subjective BPDAI (severity of itching). A p-value of <.05 was con-
sidered statistically significant.

Results

In total, 27 patients with a confirmed diagnosis of BP were
enrolled in this study. Thirteen cases (48.1%) were male patients
and 14 cases (51.9 %) were female. The mean patient age was
71.77 ± 13.48 years (range, 31–91 years). Twenty-five of 27
patients (92.6%) tested positive for anti-BP-180, and 16 (59.25%)
tested positive for anti-BP-180 and anti-BP-230, but none of the
patients tested positive for anti-BP-230 alone. Four patients had
mucosal lesions.

Using ELISA, anti-BP-180 levels in patients ranged from 1.9 to
>1600 u/ml with an average of 718.99 ± 681 u/ml, and anti BP-
230 levels ranged from 0.5 to 688 u/ml with an average of
133.59 ± 209.33 u/ml. Patients’ clinical and histological character-
istics are summarized in Table 1. The reported diseases in patients
were hypertension (12 cases), diabetes mellitus (3 cases), cere-
brovascular accident (2 cases), benign prostate hyperplasia (2
cases), and hyperlipidemia, Parkinson disease, Alzheimer disease,
rheumatoid arthritis, epilepsy, and laryngeal cancer (one case
each).

A significant correlation was found between objective BPDAI
scores and serum levels of anti-BP-180 and anti-BP-230 antibodies



Table 2
Correlation between histopathologic and laboratory parameters with severity of bullous pemphigoid.

Variables Objective BPDAI Subjective BPDAI Urticarial/eczematous lesion Erosive/bullous lesions Mucosal lesions

Anti-BP180 r = .82
p < .0001

r = .56
p = .002

r = .787
p < .0001

r = .65
p < .0001

r = .009
p = .96

Anti-BP230 r = .64
p < .0001

r = .43
p = .025

r = .71
p < .0001

r = .428
p = .026

r = .06
p = .76

Eosinophil count r = .36
p = .062

r = .35
p = .07

r = .368
p = .059

r = .28
p = .156

r = -.19
p = .31

Eosinophil percent r = .378
p = .052

r = .41
p = .03

r = .38
p = .049

r = .29
p = .139

r = -.21
p = .28

Dermal eosinophils r = .47
p = .012

r = .44
p = .022

r = .34
p = .23

r = .53
p = .004

r = .13
p = .49

Tissue inflammation r = .57
p = .002

r = .44
p = .022

r = .55
p = .003

r = .44
p = .02

r = -.08
p = .97

BPDAI, bullous pemphigoid disease activity index.
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(p < .0001), dermal eosinophils (p = .012), and tissue inflammation
severity (p = .002), but not with peripheral blood eosinophils
(Table 2).

Aside from the total scores of objective BPDAI, the Spearmen
correlation coefficient was used to analyze the relationship
among the three components of the objective BPDAI (urticarial/
eczematous lesions, erosive/bullous lesions, and mucosal lesions).
There was a significant correlation between severity of erosive/
bullous lesions and anti-BP-180 (p < .0001), anti-BP-230
(p = .026), dermal eosinophils (p = .004), and tissue inflammation
(p = .02). Severity of urticarial/eczematous lesions was signifi-
cantly correlated with anti-BP-180, anti-BP-230 (p < .0001), per-
centage of peripheral blood eosinophils (p = .049), and tissue
Fig. 1. (A, B) Generalized urticarial and blistering lesions, (C) corresponding histologica
dermal eosinophilic infiltrate Grade 2 (hematoxylin and eosin staining, C�100, D�400).
inflammation severity (p = .003), but this correlation was not
found for the number of peripheral blood and dermal eosinophils.
Moreover, there was no significant relationship between the
severity of mucosal lesions and any of the aforementioned vari-
ables (Fig. 1).

Furthermore, like objective BPDAI, subjective BPDAI had a sig-
nificant correlation with serum levels of anti-BP-180 (p = .002),
anti-BP-230 antibodies (p = .025), dermal eosinophils (p = .022),
tissue inflammation severity (p = .022), and percentage of periph-
eral blood eosinophilia (p = .03). Subjective BPDAI (severity of itch-
ing) was also significantly correlated with patient age (r = .45;
p = .017), but there was no significant correlation between age
and other variables (Tables 2 and 3).
l findings, including cell-rich subepidermal bulla, and (D) tissue inflammation and



Table 3
Correlation between age and other parameters in bullous pemphigoid disease.

BPDAI Subjective
BPDAI

Peripheral blood
eosinophilia (count)

Peripheral blood
eosinophilia (%)

Anti-BP180 Anti-BP230 Dermal
eosinophilia

Tissue
inflammation

Age r = .37
p = .55

r = .45
p = .017

r = .15
p = .44

r = .18
p = .36

r = .22
p = .25

r = .13
p = .49

r = .33
p = .09

r = .25
p = .19

BPDAI, bullous pemphigoid disease activity index.
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Discussion

This study illustrates the significant correlation between anti-
BP-180, anti-BP-230, dermal eosinophilia and tissue inflammation
severity and severity of BP (objective BPDAI). There was also a sig-
nificant correlation between severity of itching (subjective BPDAI)
and serum levels of anti-BP-180, anti-BP-230 antibodies, dermal
eosinophilia, tissue inflammation severity, and percentage of
peripheral blood eosinophilia. This was the first study to examine
the association between BP severity and histopathological param-
eters (dermal eosinophilia and tissue inflammation severity).

Our findings revealed no relationship between peripheral blood
eosinophil count and objective BPDAI, and this held for the three
components of objective BPDAI. This is inconsistent with the
results of previous studies, which reported a significant positive
correlation between BP severity and serum eosinophilia. In a study
by Kenneth et al. (2014) of patients with BP treated with omal-
izumab, the parameter that followed disease activity the most clo-
sely was eosinophil count. Another study by Van Beek et al. (2015)
reported a significant correlation between circulating eosinophil
counts and the classical phenotype of BP (blisters and erosions),
but not with the extent of urticarial lesions and erythema.

Moreover, we found a significant correlation between percent-
age of peripheral blood eosinophils and urticarial/eczematous
lesions (r = .38; p = .049), but this result was not obtained for ero-
sive/bullous lesions (r = .29; p = .139). This difference could be
explained by the paucity of reports in this field and the fact that
in most studies a range of cut point of 400 to 600 eosinophils/mL
was used as a definition for eosinophilia, which can cause different
results.

In a recent case-control study by Kridin (2018), patients with BP
and moderate or severe eosinophilia (>1500 cells/mL) were older at
the time of presentation and had higher proportions of extensive
disease, palmoplantar involvement, positive indirect immunofluo-
rescence, and more frequently were in the urticarial stage of BP (al-
beit lacking a statistical significance) compared with patients with
normal eosinophil counts and percentage. This is in line with our
findings, where the percentage of peripheral blood eosinophils
had a significant correlation with urticarial/eczematous lesions;
however, there was no correlation between eosinophilia and age
in our study.

Moreover, pruritus severity was significantly correlated with
age, eosinophil percentage (r = .41; p = .03), dermal eosinophilia
(r = .44; P = .022), and tissue inflammation (r = .44; p = .022), but
not with eosinophil count. In other words, we can assume that per-
centage of peripheral blood eosinophils is more valuable than the
absolute count of these cells in estimating BP severity.

In our study, the correlation between severity of tissue inflam-
mation and severity of disease or BPDAI (r = .57; p = .002), includ-
ing severity of erosive/bullous lesions (r = .44; p = .02), urticarial/
eczematous lesions (r = .55; p = .003), and pruritus (r = .44;
p = .022), was found to be significant. The same results were found
for the severity of dermal eosinophilia, but interestingly this factor
was not related with severity of urticarial/eczematous lesions
(r = .368; p = .059). In a study by Izumi et al. (2016), a noninflam-
matory phenotype of BP, in which autoantibodies specifically
target the midportion of collagen XVII but not NC16A, clinically
showed significantly reduced erythema associated with scant
lesional infiltration of eosinophils. Studies that consider the
relationship between clinical features of BP and tissue inflamma-
tion are rare, and there is a need for more detailed analyses of
the relevance of tissue eosinophils to erythematous lesions in
further investigations. Of note, this parameter could be of
high value in the determination of BP severity and associated
pruritus.

In our study, there was a significant correlation between the
level of anti-BP-180 and anti-BP-230 with BPDAI and the severity
of itching. This finding is consistent with the results of a similar
study in France in 2012, which showed that levels of both autoan-
tibodies paralleled the clinical evolution, especially in cases of dis-
ease control, but no correlation was revealed by clinical severity
(Le Saché-de Peufeilhoux et al., 2012). In contrast, the vast majority
of studies found a significant correlation between BPDAI and pru-
ritus severity with anti-BP-180 but not with anti-BP-230
(Charneux et al., 2011; Daneshpazhooh et al., 2018; Feng et al.,
2008; Giusti et al., 2017; Ishiura et al., 2008; Schmidt et al., 2000).

There are contradictory results with regard to the role of anti-
BP-230 in the pathogenesis of BP. It has shown that although major
epitopes for IgG anti-BP-180 reside within the extracellular
domain, IgG anti-BP-230 reacts with various domains on the entire
BP-230 molecule (Hashimoto et al., 2017). In contrast with BP-180,
which is a transmembrane protein with well-documented roles in
BP pathogenicity, the pathogenic role of BP-230 as an intracyto-
plasmic protein is questionable. Anti-BP-230 autoantibodies may
be helpful in diagnosis, with a diagnostic added value of 5% com-
pared with BP-180 alone, and have been reported to be associated
with localized types of BP (Giusti et al., 2017; Hayakawa et al.,
2016). A study by Hayakawa et al. (2016) revealed a new disease
entity as anti-BP-230 type BP, in which IgG anti-BP-230 is the sole
autoantibody.

Additionally, we have not found any significant correlation
between the severity of mucosal involvement and any of the stud-
ied variables, including anti-BP-180, anti-BP-230, and tissue and
peripheral eosinophilia. This finding is similar to that of a previous
study by Daneshpazhooh et al. (2018), which reported that neither
anti-BP-180 nor anti-BP-230 levels had a significant relationship
with the oral mucosa subcomponent of the BPDAI scoring systems.
The researchers concluded that this finding reflects a need for
modification in the scoring system with proportionate emphasis
on BP mucosal involvement (Daneshpazhooh et al., 2018). Interest-
ingly, in a study by Clapé et al. (2018), a shift toward higher blister/
erosion BPDAI scores has been shown for patients with mucosal
involvement. The researchers also found that mucosal lesions are
related clinically to disease severity and immunologically to the
absence of anti-BP-230 antibodies (Clapé et al., 2018).

A limitation of our study is the low patient number, which may
affect the significance of the results.

Conclusion

We found that anti-BP-180 and anti-BP-230 levels, tissue
inflammation severity, and dermal eosinophilia had a strong and
significant correlation with BP severity. In addition, percentage of
peripheral blood eosinophils showed a correlation with subjective
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BPDAI and urticarial/eczematous lesions. Moreover, the mucosal
component did not show any correlation with autoantibody levels
and inflammation severities.

These findings indicate the need for a modification of the exist-
ing BPDAI scale and the utilization of peripheral eosinophilia as a
marker of severity of pruritus and the need for treatments that
could alleviate symptoms. Moreover, the severity of tissue inflam-
mation and eosinophil infiltration might be an indicator and/or
prognostic factor of BP severity.
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