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1 | INTRODUCTION

| Pan Wei

Abstract

Background: Pemphigus vulgaris (PV) is a rare and potentially fatal autoimmune blis-
tering disease. Direct immunofluorescence (DIF) and histopathological analysis are
crucial methods for PV diagnosis, but oral tissue biopsy is difficult to perform because
of the fragile characteristics of the oral mucosa. However, no well-designed diagnos-
tic studies addressing the validity of DIF analysis of oral Tzanck smears for the diagno-
sis of PV exist. We aimed to design a diagnostic test based on DIF analysis combined
with oral Tzanck smears and evaluate its diagnostic accuracy for PV.

Methods: We enrolled 81 patients with oral erosive lesions, of whom 41 patients had
PV and 40 were non-PV controls. Oral Tzanck smears were obtained from oral mucosal
lesions and observed under a fluorescence microscope after fixing and fluorescence
staining. The diagnostic efficacy indexes including sensitivity, specificity, predictive
value, Youden index, diagnostic odds ratio, and likelihood ratio were calculated.
Results: Of the 41 PV patients, 36 showed DIF-positive findings for oral Tzanck
smears, and all 36 DIF-positive PV patients showed IgG and/or C3 deposition, with
seven also showing IgA and/or IgM positivity. None of the non-PV controls showed
DIF positivity. The sensitivity and specificity of DIF analysis with oral Tzanck smears
were 87.80% and 100%, respectively. The area under the receiver operator character-
istic curve (ROC) was 0.939, with the test demonstrating significantly high diagnostic
efficacy.

Conclusion: DIF analysis of oral Tzanck smears is a minimally invasive and easy-to-
operate technique that can assist the rapid and accurate diagnosis of PV in dental

clinic.

KEYWORDS
autoimmune diseases, diagnostic test, direct immunofluorescences, oral Tzanck smears,
pemphigus vulgaris

most common form.} In 50%-80% of the patients, the initial symp-

toms of PV are oral mucosal lesions with or without skin lesions, and
Pemphigus is a severe autoimmune blistering disease that frequently almost all PV patients present with oral mucosal lesions.?™ Thus, den-

involves the skin and mucosa, with pemphigus vulgaris (PV) being the tists play an important role in the early diagnosis and treatment of PV.
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The incidence of PV is 2.06-4.7 per million people per year in
Asia.>® PV mostly occurs in patients aged 45-65 years, with a male-
to-female ratio of 1:1.1-1:1.7.*7% The pathogenesis of PV involves
the direct targeting of the intercellular desmosomal adhesion mol-
ecule desmoglein (Dsg) 1 and 3 by autoantibodies, which cause the
loss of cell-cell adhesion between keratinocytes and thereby result
in acantholysis.”

Oral corticosteroids are one of the first-line therapeutic agents
for PV; however, long-term oral corticosteroid use is associated with
many adverse effects.’®'! Furthermore, even with systemic treat-
ment, the mortality rate of PV patients remains 2.4 times higher
than that of the general population, of which more than 70% of the
deaths are related to the side effects of corticosteroids.” %' Thus,
precise and early diagnosis of PV is essential for disease treatment
and management.

The diagnosis of PV is based on the clinical presentation, histo-
pathological manifestations, serologic detection, and direct immu-
nofluorescence (DIF), of which DIF and histopathological findings
are crucial and essential for diagnosis and are routinely applied in
dermatology clinic.!**?'* However, DIF and histopathological anal-
ysis require uninvolved peri-lesional oral mucosal biopsy, which is
prone to frictional disruption and erosion, leading to difficulties for
the dentists to obtain oral mucosal tissues for DIF.® To date, a few
studies using the combination of DIF analysis and oral Tzanck smears
for diagnosis of PV have been reported.’*"*® However, the studies
were limited by small sample size or not strictly designed as the typ-
ical diagnostic test.

Therefore, this study was designed to evaluate the diagnostic
accuracy of DIF analysis of oral Tzanck smears in PV, and to explore
the feasibility of this rapid, easy-to-operate, and effective diagnostic

approach for clinical application.

2 | MATERIALS AND METHODS

2.1 | Study design

This study aimed to evaluate the diagnostic efficacy of DIF analysis
with oral Tzanck smears for the diagnosis of PV. The study was de-
signed according to the Standards for Reporting Diagnostic Accuracy
(STARD) statement.? Tzanck smear collection and DIF evalua-
tions were performed on all patients presenting with oral mucosal

erosions.

2.2 | Diagnostic criteria for PV

The criteria were based on the Japanese guidelines for the manage-
ment of pemphigus, published in 2014.** The diagnostic criteria for
PV were as follows: (A) blisters or erosions on mucosal areas, with
or without skin lesions; (B) histopathological features of suprabasal
split and acantholysis; (C) detection of anti-Dsg IgG autoantibodies
by enzyme-linked immunosorbent assay (ELISA) or deposition of 1gG
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autoantibodies against the epithelial cell surface on indirect immu-

nofluorescence (IIF).

Diagnosis was performed by oral medicine and pathology spe-
cialists, based on the diagnostic criteria; the specialists were blinded
to the results of DIF analysis with oral Tzanck smears.

2.3 | Inclusion and exclusion criteria
Patients with oral mucosal erosions who were over 18 years of
age and volunteered to participate and cooperate with the inves-
tigators were included in the study. The included subjects were
allocated to the PV or non-PV control groups, based on diagnosis
of PV or diseases other than PV, such as pemphigoid and erythema
multiforme.

Patients were excluded if they were (A) using topical/systemic
corticosteroids or immunosuppressors prior to participation; (B)
pregnant or lactating women or minors (<18 years of age); or (C) un-

able to cooperate with investigators for any reason.

2.4 | Participant enroliment

Eighty-one patients presenting with oral mucosal erosions at
the Department of Oral Medicine, Peking University School and
Hospital of Stomatology from March 2018 to January 2021 were
included. All participants were enrolled based on the inclusion and
exclusion criteria with their informed consent prior to the inclusion
in this study, with 41 patients allocated to the PV group and 40 to
the non-PV group according to the diagnostic criteria for PV. Clinical,
histopathological, and ELISA, or IIF examinations were performed

for each patient.

2.5 | Sample collection and processing

The roof of the oral lesions was carefully removed, and the base of
the erosive lesions in the oral mucosa was scraped in all patients.
The samples were collected following the standard operating proce-
dure. The obtained oral Tzanck cells were spread as a thin layer on
five microscope slides and air-dried. After fixing in acetone for 1 min,
the five slides were stained with FITC anti-human IgG (ab6854, di-
luted 1:200; Abcam), FITC anti-C3c antibody (ab4212, diluted
1:1000; Abcam), FITC anti-human IgM (ab97204, diluted 1:200;
Abcam), FITC anti-human IgA (ab97219, diluted 1:200; Abcam), and
phosphate-buffered saline (PBS) (0.01 M, pH 7.4) at room tempera-
ture for 30 min, washed three times with PBS for 5 min, and washed
with distilled water for 5 min. Air-dried slides were immediately
observed under a fluorescence microscope (NIKON ECLIPSE 80i,
450-490 nm). The results were recorded as positive if circular green
fluorescence surrounding the oral Tzanck cells was captured. Two
researchers (HWX and WP) read and recorded the results indepen-
dently; they were blinded for the final diagnosis (x >0.8), and the
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third senior expert (HH) was asked to discuss and adjudicate when

the two researchers disagreed.

2.6 | Ethics

This study was approved by the Ethics Committee of the Peking
University School of Stomatology (PKUSSIRB-201840186), with the
registration number ChiCTR2100042024. All participants signed in-
formed consent forms before participation.

2.7 | Statistical analysis

Statistical analyses were performed using SPSS software (SPSS ver-
sion 20.0; SPSS, Inc.). The formula for sample size determination for
diagnostic studies recommended a sample size of 76 participants,
with 38 each in the PV and control groups.?’ The chi-square test
and t test were used to evaluate gender- and age-related differences
between the two groups. Sensitivity, specificity, predictive value,
Youden index, diagnostic odds ratio, and likelihood ratio were calcu-
lated to determine the efficacy of the diagnostic test. The receiver
operator characteristic curve (ROC) was constructed, and the area
under the ROC curve (AUC) was calculated.

3 | RESULTS

3.1 | Demographic and clinical characteristics

The general information of all the patients was recorded, including
name, age, gender, and clinical manifestation. Data from 41 patients
in the PV group and 40 patients in the non-PV group were analyzed.
The two groups showed no significant differences in relation to gen-
der (male/female, 16/25 vs. 15/25, p = 0.89) and age (53.80 + 10.47
vs. 56.36 + 14.70 years, p = 0.37) (Table 1).

TABLE 1 Demographic and clinical features

3.2 | Clinical features of the PV group
The PV group included 23 and 18 cases with mucosal-dominant
and mucocutaneous variants, respectively, with no statistically
significant differences in the occurrence of Dsg3 and Dsgl au-
toantibodies between the two subgroups (p > 0.05) (Table 1). The
most commonly involved sites in the oral cavity were the bilateral
buccal mucosa, tongue, and inner side of the lips with enanthema
and erosions. The clinical features of the oral cavity were shown
in Figure 1.

DIF analysis of oral Tzanck smears under the fluorescence micro-
scope manifests as circular green fluorescence surrounding the cells,
appearing as a string-like or grape-like fluorescence cluster when the

Tzanck cells form dense clumps (Figure 2).

3.3 | Autoantibody subtypes

Among the 41 patients in the PV group, 36 were positive for DIF
of the oral Tzanck smear, and all the 36 patients showed IgG- and/
or C3-positive deposition, with 7 patients (19.4%) also showing
IgM- and/or IgA-positive findings. The details are presented in
Table 2.

3.4 | Diagnostic efficacy

In the PV group, 87.8% (36/41) showed positivity and 12.2%
(5/41) showed false-negative findings for DIF of the oral Tzanck
smears; in the non-PV group, all 40 patients showed negative
findings (Table 3). The sensitivity and specificity of DIF analysis
with oral Tzanck smears were 87.80% and 100%, respectively.
Other parameters, including predictive value, Youden index, diag-
nostic odds ratio, and likelihood ratio, to determine the diagnostic
efficacy are shown in Table 4. The ROC curve of DIF analysis of
oral Tzanck smears was very close to the top-left chart corner,

ELISA

Gender (Male/

Female) Age Dsg3 (U/ml) Dsgl (U/ml)
PV group (n = 41) 16/25 53.80 + 10.47 162.75 + 44.45 (n = 38) 47.57 + 34.94 (n=27)
Mucosal-dominant variants (n = 23) 7/16 54.13 + 10.86 158.64 + 53.82 (n = 21) 42.05 + 29.35 (h = 13)
Mucocutaneous variants (n = 18) 9/9 53.39 +10.23 167.82 + 30.00 (n = 17) 52.69 + 39.85 (n = 14)
Non-PV group (n = 40) 15/25 56.35 + 14.70 - -
MMP (n = 29) 9/20 5741 +13.21 - -
LPP (n=2) 2/0 72.50 + 10.61 = =
EM(n=7) 4/3 46.86 + 16.67 - -
EOLP (n=2) 0/2 58.00 + 24.04 - -

Abbreviations: Dsg, Desmoglein; ELISA, Enzyme-linked immunosorbent assay; EM, Erythema multiforme; EOLP, Erosive oral lichen planus; LPP,
Lichen planus pemphigoid; MMP, Mucous membrane pemphigoid; PV, Pemphigus vulgaris.
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FIGURE 1 The clinical features

of the oral cavity of PV patients. (A)
and (B) showed the lesions of the soft
palate and buccal mucosa, respectively.
Abbreviations: PV, Pemphigus vulgaris

FIGURE 2 The positive findings of
DIF analysis of oral Tzanck cells observed
under the fluorescence microscope.

(A), (B), (C), and (D) showed C3-, IgG-

, 1gM-, and IgA-positive deposition,
respectively. Abbreviations: DIF, Direct
immunofluorescence; C3, Complement
3; 1gG, Immunoglobulin G; IgM,
Immunoglobulin M; IgA, Immunoglobulin
A

(A)

TABLE 2 DIF analysis of oral Tzanck smears

DIF analysis of oral Tzanck smears

PV group

(n=41) Non-PV group (n = 40) Total (n)
Positive (n) 36 0 36
Negative (n) 5 40 45
Total (n) 41 40 81

Abbreviations: DIF, Direct immunofluorescence; PV, Pemphigus
vulgaris.

with an AUC of 0.939, indicating its superior diagnostic efficacy.
(Figure 3).

3.5 | Cost analysis

The hands-on time and total turnaround time of DIF analysis with
oral Tzanck smears were 5 and 75 min, respectively; the cost of ma-
terials was CNY 40 per case (Table 5).
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3.6 | Adverse events
All patients experienced no pain or only slight pain with minor bleed-
ing during processing of the Tzanck smear of oral mucosal erosions.

No severe adverse events were observed in this study.

4 | DISCUSSION

Pemphigus is a severe autoimmune blistering disease associated
with a mortality risk twice that in the normal population.2 For PV,
the oral cavity is the first site involved in 50%-80% of patients, and
almost all patients show oral lesions.® Thus, dentists play an impor-
tant role in the early and precise diagnosis of PV.

According to the diagnostic guidelines and algorithms for PV
published in recent years, DIF and pathological analysis of biopsy
specimens are critical in confirming diezgnosis.2’11'14'21'22 However,
peri-lesional biopsy on the uninvolved mucosa in the oral cavity
is difficult, especially for the gingiva, palate, and the floor of the

h.23

mout Moreover, DIF analysis of biopsy specimens is associated
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TABLE 4 Autoantibody subtypes of the 36 DIF-positive patients
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TABLE 5 Cost analysis of DIF analysis
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with oral Tzanck smears Hands-on Total turnaround Cost of materials
time (min) time (h) (CNY)
DIF analysis with oral Tzanck smears 5 1.25 40
DIF of intraoral biopsy 30 72 420
Histopathological analysis 30 96 560

Abbreviations: DIF, Direct immunofluorescence.

Thus, in theory, DIF analysis of oral Tzanck smears shows good ap-
plication prospects in clinical practice.

In this study, we evaluated the diagnostic efficacy of DIF
analysis of oral Tzanck smears for the diagnosis of PV in clinical
practice. The diagnostic efficacy of DIF analysis of oral Tzanck
smears was significantly high, with a sensitivity of 87.80%
and specificity of 100%, and an AUC of 0.939, indicating its
high diagnostic accuracy.?” In comparison with ELISA, which
shows a sensitivity and specificity of 81.6% and 93.9%, DIF
analysis of oral Tzanck smears showed much higher diagnostic
efficacy for PV and illustrated the specific subtypes of autoan-
tibodies.?® All 36 DIF-positive patients showed 1gG and/or C3
deposition, of which 7 also showed IgA and/or IgM positivity,
indicating that 1gG and/or C3 are the main antibody subtypes
for PV diagnosis. In comparison with IIF, which showed sensi-
tivity and specificity of 82.3% and 95.6%, DIF analysis of oral
Tzanck smears showed advantages both in diagnostic accuracy
and in terms of invasiveness and cost-effectiveness for clini-
cal application‘26 In addition, while the results of IIF may be
affected by substrates, DIF analysis of oral Tzanck smears was
less likely to be influenced by objective conditions.?” BIOCHIP
has been recently identified as a new multiplex tool for the
diagnosis of autoimmune bullous diseases with the advantages
of rapid detection and less invasion, although the diagnostic
accuracy of 60.9% for PV was somewhat lower than that of
DIF analysis of oral Tzanck smears.?® Moreover, DIF analysis
of oral Tzanck smears was a cost-effective and time-efficient
method compared with DIF of biopsy and histopathological
analysis.

Among the 41 patients with PV, 5 showed false-negative find-
ings in DIF analysis of oral Tzanck smears, and there were several
reasons for the false-negative findings. For PV patients with mild
disease severity, the reaction of autoantibodies and antigens was
bound weakly, leading to weak expression of immunofluorescence.
Moreover, the collection of oral Tzanck cells by scraping was also
dependent on the technique of the researchers.

This study had some limitations. First, although the number
of participants had reached the recommended sample size calcu-
lated according to the formula for diagnostic studies, more large-
sample studies may be warranted to further validate our findings.
Second, the technique for collection and processing of oral
Tzanck smear specimens could influence the results, thus empha-
sizing the standard operating procedure and the importance of
high-quality sample processing procedures would be necessary
for the successful use of this technique in PV diagnosis in clinical
practice.

5 | CONCLUSION

In conclusion, DIF analysis of oral Tzanck smears could serve as a
rapid, economical, and minimally invasive diagnostic tool for accu-

rate diagnosis of PV in clinical practice.
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