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Abstract

Leprosy reactions are immune processes that cause neural damage in individuals with leprosy. As periodontitis is an
infectious disease related to its development, specific antibodies to periodontal pathogens must be evaluated to
better understand the humoral mechanisms underlying this relationship. Therefore, the objective of this study was to
standardize an immunoassay to measure IgA specific to R gingivalis antigens in the saliva of individuals with leprosy.
An ELISA checkerboard titration was performed. A validation test involving 53 individuals with leprosy, 24 with and

19 without periodontitis, was conducted and a ROC curve constructed to calculate sensitivity and specificity. The
coefficient of the optical densities was 2.21 and 2.66 for P, gingivalis crude extract and the recombinant protein Hmuy,
respectively. Sensitivity and specificity for the P gingivalis crude extract were 66.7% and 73.7%, respectively, and for
HmuY, were 62.5% and 52.6%, respectively. Specific recognition of P. gingivalis occurred predominantly in individuals
with periodontitis, which validates the use of this test for studying periodontitis in individuals with leprosy.

Trial registration CAEE 64476117.3.0000.0049, 21/07/2017, retrospectively registered
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Introduction

Leprosy is a chronic infectious disease caused by Myco-
bacterium leprae which affects the peripheral nerv-
ous system of the skin. It occurs mainly in intertropical
zones, such as India, Brazil, Indonesia, Bangladesh and
Ethiopia, these countries being responsible for 80% of all
worldwide cases (Schreuder et al. 2016; Odriozola et al.
2017). Compliocations resulting from this disease, called
leprosy reactions, can cause incapacities if not treated
early (Naaz et al. 2017; Odriozola et al. 2017).

Key points

» Standardize immunoassay to measure IgA specific
for P, gingivalis antigens.

+ ELISA-HmuY showed satisfactory levels of sensitivity
and specificity.

+ Promising for epidemiological research in individuals
with periodontitis.
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The most common form of transmission occurs as a
result of direct and prolonged physical contact with a dis-
eased individual, through inhalation of Mycobacterium
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leprae, or leprosy bacillus, via the airways (Brasil 2016).
Leprosy is a spectral disease classified according to the
type and degree of the host’s specific cellular immu-
nity to the bacillus. There is a clinical variability among
individuals with leprosy, ranging from the tuberculoide
form to the lepromatose form of the disease (Gaschig-
nard et al. 2016; Odriozola et al. 2017). The tuberculoide
form is characterized by a small number of cutaneous
anesthetic lesions with well-defined and elevated borders
and negative bacilloscopy. It also presents early damage
to the peripheral nerve and a Th1 cell-mediated immune
response. In contrast, the lepromatose form is charac-
terized by numerous infiltrated skin lesions, high bacil-
lary levels, damage to the peripheral nerve and a Th2
cell-mediated immune response (Walker and Lockwood
2006; Gaschignard et al. 2016).

As leprosy progresses, or even after its treatment,
individuals can suffer leprosy reactions, present in
approximately 10-50% of cases, especially in its multi-
bacillary forms (Teixeira et al. 2010). Leprosy reactions
are acute inflammatory manifestations that are influ-
enced by factors such as stress, pregnancy and con-
comitant coinfections (Teixeira et al. 2010; Motta et al.
2011). Odontological infections, such as periodontitis,
have been mentioned as potential triggers (Almeida et al.
2013).

Periodontitis is an inflammatory disease initiated by the
presence of dental biofilm, involving a dysregulation of
the immune response (Papapanou et al. 2018). This oral
disease is characterized by the destruction of the tissues
that support the teeth and is modulated by the individ-
ual’s immunoinflammatory response to perio-pathogens
and their products (Garlet 2010; Smiga et al. 2015). Its
presence can exacerbate the systemic condition as a
result of the liberation and increase in the concentration
of proinflammatory mediators and immune complexes
at a systemic level (Cardoso et al. 2018). Porphyromonas
gingivalis have been considered as a keystone pathogen
(Chapple et al. 2017; Mira et al. 2017), associated with
worsening clinical periodontal measurements, such as
deepening periodontal bags, radiographic measurements
and alveolar bone loss (Mysak et al. 2014). This bacterium
possesses a diversity of virulence factors, such as Hmuy,
a membrane-associated protein important to the uptake
of heme from the microenvironment. These antigens can
promote immunogenicity in the host tissues by stimulat-
ing innate and adaptive immunity, including the humoral
response (Olczak et al. 2015).

The quantification of the concentration of periodontal
markers in saliva has been one of the forms commonly
used to track diseases and vulnerability in population
groups (Bachrach et al. 2008). Some studies have shown
greater concentrations of antibodies and inflammatory
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mediators, salivary immunoglobin A (IgA) for exam-
ple, in individuals with periodontitis when compared to
those without periodontitis, or undergoing treatment for
the disease (Pudakalkatti and Baheti 2015; Gadekar et al.
2018). Thus, it can be suggested that these antibodies may
be potential tracking, diagnostic and control markers for
this periodontal disease. Therefore, analysis of IgA spe-
cific to P. gingivalis in individuals with leprosy will allow
the understanding the humoral processes involved in the
relationship between periodontitis and leprosy reaction.
It is important to point out that saliva-based tests are
simple to collect as they are non-invasive (Bachrach et al.
2008).

In this sense, the detection of specific antibodies spe-
cific to P gingivalis antigens in saliva can assist in the
investigation of the relationship between periodontitis
and leprosy reactions in individuals with leprosy. It is
important to note that there is insufficient evidence to
sustain the interaction mechanism between these peri-
odontal pathogen induced markers and leprosy reactions.
As such, it continues to be a hypothesis that requires fur-
ther study (Motta et al. 2011).

Thus, the present study puts forward an enzymatic
immunoassay (ELISA) to evaluate the presence of peri-
odontitis, through a humoral response mediated by IgA
antibodies specific for Porphyromonas gingivalis antigens
in the saliva of individuals with leprosy. It is expected that
the specificity of salivary IgA for Porphyromonas gingi-
valis antigens in individuals diagnosed with leprosy will
be greater in those with periodontitis.

Materials and methods

Study design

The ELISA was standardized in two stages. The first was a
checkerboard titration with supernatant pools containing
the saliva of 10 individuals with leprosy (L"), classified
according to the presence (P*) or absence (P~) of peri-
odontitis. Two supernatant pools containing the saliva
of 6 individuals without leprosy (L™) were also prepared
at this stage, and subsequently classified according to the
presence (P™) or absence (P™) of periodontitis, so as to
provide a titration parameter for individuals without lep-
rosy, and in the same conditions as the individuals with
the disease. The second stage consisted of a validation
test with 53 individuals with leprosy, 24 with periodonti-
tis and 19 without.

Selection of participants

The participants with a leprosy diagnosis were recruited
at the Dermatology Service of Professor Edgar Santos
University Hospital (HUPES), in Salvador, Bahia, Brazil.
Those without leprosy diagnosis were recruited at the
Odontology School of the State University of Feira de
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Santana, Feira de Santana-Bahia, Brazil. This study was
approved by the HUPES research and ethics committee
(CAEE 64476117.3.0000.0049).

The individuals invited to participate in the study had a
minimum age of 18 years, with no history of pregnancy,
smoking habit, neoplasms, HIV-AIDS, and who were
able to understand and answer the questionnaires. Also,
the participants could not have undergone periodontal
treatment in the 6 months prior to the study. All indi-
viduals with leprosy were recieving or had completed
treatment with polychemotherapy (PCT). The individu-
als without leprosy had not used antibiotics and/or anti
inflammatories in the last 6 and 3 months, respectively,
before the periodontal exam.

The leprosy diagnosis was made by a team of derma-
tologists from HUPES, based on anamnesis and a der-
matoneurological exam that evaluated the presence of
thickened peripheral nerves and/or skin lesions or areas
of the skin that were painful and/or with altered ther-
mal and/or tactile sensitivity (Brasil 2016; WHO 2017).
All cases were confirmed through bacilloscopy and an
anatomopathological exam, and the individuals classified:
leprosy group (L™) and non-leprosy group (L™) (WHO
2017).

The periodontal exam was performed by a trained den-
tist and included pocket depth probing, clinical attach-
ment level and bleeding on probing. A Kappa test was
used to evaluate intraexaminer concordance, calculated
using the measures for recession and probing depth (dif-
ference of +1 mm) of 10% of the sample, which were 0.81
and 0.84, respectively.

Individuals who had probing depth less than 4 mm
and clinical attachment less than or equal to 1 mm
for all teeth, and less than 25% of bleeding on probing,
were considered as not having periodontitis (Gomes-
Filho et al. 2018). Individuals with severe periodontitis
were selected to compose the periodontitis group of the
checkerboard test, which included those with at least 4
teeth with at least one site that showed a clinical attach-
ment level of (CIL) >5 mm, probing depth (PD) >5 mm
and bleeding on probing (in the same tooth).

Individuals with moderate periodontitis were included
for the validation test, composed of those who presented
at least 4 teeth with at least one site with CIL >3 mm, PD
>3 mm and bleeding upon probing (in the same tooth).
Thus, individuals with moderate and severe periodontitis
composed the group with periodontitis (P™), while indi-
viduals clinically healthy composed the group without
periodontitis (P7).

Saliva collection
Saliva collection was carried out after a confirmed 2-h
fasting period. First, the individual chewed a parafilm
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for one minute and the saliva produced discarded. Fol-
lowing this, the individual chewed for another 5 min and
the saliva produced collected at one minute intervals in
a beaker using a funnel to help (Krasse 1988). The saliva
collected was stored in a microcentrifuge tube with 1 pL
of 0.1 M phenyl methane sulfonyl fluoride (PMSF) pro-
tease inhibitor (SIGMA-ALDRICH, Saint Louis, USA)
(Bachtiar et al. 2020).

Obtaining Porphyromonas gingivalis antigens

The immunogenic extract of Porphyromonas gingivalis,
strain ATCC 33277 (Taxonomy NCBI ID: 431947) was
produced according to the standard protocol established
by Trindade et al. (2012).

The recombinant protein HmuY was produced, puri-
fied and characterized from Escherichia coli, using a plas-
mid as the cloning vector in accordance with the protocol
standardized by Olczak et al. (2006).

ELISA checkerboard

For analysis, the saliva was unfrozen and centrifuged
at 2000xg for 10 min (Franca et al. 2007). Next, these
supernatants were grouped according to the diagnosis
of leprosy and periodontitis. In this way, two pools were
obtained, one containing the samples of 05 individuals
with leprosy and without periodontitis (L*P~) and 05
individuals with leprosy and with periodontitis (LTP™).
Titrations with a pool containing 03 samples without
leprosy and without periodontitis (L"P™) and another
with 03 samples without leprosy and with periodontitis
(L~P*) were also prepared, using the same conditions as
those employed in the pools with leprosy.

The samples were tested in triplicate using two anti-
gen concentrations, two saliva dilutions and antibody
conjugated with peroxidase, as described in Table 1. The
optic density coefficients (OD) were determined for each
combination of antigen, saliva and conjugated antibody
tested. Negative controls containing only the supernatant
dilution buffer were also included.

High binding polystyrene microplates (Greiner
Bio-One, Frickenhausen, Alemanha) were sensi-
tized with 50 pL of each diluted antigen in a 0.05 M

Table 1 Initial antigen concentration, saliva dilution and

conjugated dilution

Antigen Antigen Saliva dilution Conjugated
concentration dilution
P, gingivalis 2 pg/mL 1:2 1:1.000
crude extract 5 pg/mL 1:50 1:5.000
HmuY 2 pg/mL 1:2 1:5.000
5 ug/mL 1:50 1:10.000
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carbonate-bicarbonate buffer, pH 9.6, per well, which
were then incubated in a wet box at 8 °C for 15 h. The
plates were washed twice with phospate buffering solu-
tion (PBS) containing 0.05% tween-20 detergent (PBS-T).
Following this, the plates were blocked with 5% PBS skim
milk, 200 L/well (Molico, Aracatuba, Brasil), and incu-
bated for 2 h at 37°C. They were then washed twice in
PBS-T and the saliva supernatant diluted in 2% PBS skim
milk (MOLICO®, Aracatuba, Brasil) added into wells and
incubated at 37°C for one hour. After five washings, the
peroxidase conjugated anti-IgA was added and the plates
incubated again for one hour at 37°C (Trindade et al.
2012).

Next, after 5 washings with PBS-T, revelation was done
using chromogen tetramethylbenzidine (TMB) (50 pL/
well) in each pool and incubated for 10 min at room tem-
perature and avoiding direct light. The reactions were
interrupted by adding H,SO, 4N, 25 pL/well, before
proceeding to optical density readings at 450 to 650 nm
(Trindade et al. 2012) using an ELISA reader (Multiskan
GO, Termo Fisher Scientific OY, Vantaa, Finland).

Data analysis

For checkerboard titration analysis, the OD averages of
the triplicates obtained from each pool were calculated.
The ratios between the averages of the pools with and
without periodontitis (L*PT/L*P7) in individuals with
and without leprosy were obtained, generating the coef-
ficient for each condition tested. The best condition was
selected according to the highest coefficient obtained.
This same condition was applied to obtain the coefficients
of pools L™P*/ L™ P* and for validation test analysis.

The averages of the OD triplicates obtained from each
sample were calculated for the construction of the ROC
curve, which was used to obtain values for the area under
the curve, significance levels and confidence intervals.
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The cut-off point and sensitivity and specificity values for
the validation of each test were assessed. The data was
analyzed using SPSS version 23, with p <0.05 considered
as statistically significant. The graphics were generated in
EXCEL for Windows® program.

Results

The standardization of ELISA was executed with super-
natant pools containing the saliva of 10 individuals diag-
nosed with leprosy, with and without periodontitis (L*P*
and L*TP™), with an average age of 46, 70 years, with a
standard deviation of 14.94, being 05 men and 05 women.
Saliva samples from 56 individuals with leprosy (24P*
and 19P7), 43.78+13.17, 32 men and 24 women were
used for the validation test.

The coefficients obtained demonstrated that the stand-
ardized tests make it possible to distinguish between the
pools, both for individuals LYP* and L*P~ and the indi-
viduals in L™P* and LP~ (Fig. 1). In the P, gingivalis crude
extract ELISA, the greatest coefficients, for individuals
with and without leprosy, were obtained using the anti-
gen at a concentration of 2 ug/mlL, saliva diluted in 1:50
and conjugated antibody diluted in 1:5000. In the tests
with HmuY, the best conditions were with antigen 2 pg/
mL, saliva 1:2 and conjugated antibody in 1:10,000.

Among the individuals with leprosy, the coefficient
among individuals with and without periodontitis was
2.21 for the test carried out with P gingivalis crude
extract and 2.66 for the test with HmuY. In the tests con-
ducted with individuals without leprosy, the coefficients
were 2.2 and 2.06 for the P gingivalis crude extract and
Hmu, respectively.

Given the optimal conditions achieved, the validation
tests conducted on samples from individuals with lep-
rosy demonstrate that P gingivalis crude extract antigen
presented the best quality parameters in the ROC curve:
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area under the curve=0.720; p=0.014; CI 0.56-0.88.
With these parameters, the sensitivity and specificity val-
ues were 66.7% and 73.7%, respectively, with a cut-off of
0.134 (Fig. 2).

The parameters obtained with the ROC curve for the
HmuY ELISA do not demonstrate good discrimination
between individuals with and without periodontitis: area
under the curve=0.588; p+ 0.328; CI 0.41-0.76, with
62.5% sensitivity, 52.6% specificity and a 0.134 cut-off.

Discussion

Both P. gingivalis crude extract and HmuY protein were
recognized by specific salivary IgA in individuals with
and without leprosy. However, the specific recognition of
P gingivalis crude extract was stronger in the samples of
individuals with periodontitis than in those without this
oral disease, which makes this validated test an apt tool
for the study of periodontitis in individuals with leprosy.
In contrast, the HmuY recombinant protein did not show
an equal performance.

Although both antigens were recognized, the first,
made up of somatic proteins of the bacteria, seems to
favor a more specific recognition, possibly due to the
salivary IgA, which had undergone affinity maturation,
found in individuals who had more previous contact
with the bacteria, that is, those clinically diagnosed
with periodontitis (Carvalho-Filho et al. 2019). Regard-
ing Hmuy, as it is an isolated protein, it is possible that
individuals with periodontitis were not sensitized to
this protein at the moment of pathogen-host interac-
tion (Smiga et al. 2015). It should be stressed that it is

_! — IgA anti-Pg extract
oe s — IgA anti-HmuY

Reference line

054

Sensitivity

04

00 T T T T

00 02 04 08 08 18
1- Specificity
Fig. 2 ROC curve constructed with the OD triplicate averages
obtained for each sample. In blue, the curve for the P, gingivalis crude
extract antigen: area under the curve =0.720; p=0.014; C 0.56-0.88,
cut-off 0.134, sensitivity = 66.7% and specificity = 73.7%. In green, the
curve for HmuY antigen: area under the curve =0.588; p=0.328; Cl
0.41-0.76, cut-off =0.134, sensitivity+ 62.5% and specificity = 52.6%
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not a constitutive protein of the bacterium. Rather, it is
expressed when there is lack of iron in the environment
(Héagewald et al. 2002).

ELISA checkerboard tritation made it possible to
determine where the antigen and antibody concen-
trations meet to achieve an equivalence zone, in the
responses of healthy and diseased individuals. This
method favors the possibility of eliciting responses with
high titers in individuals with greater previous exposure
to the antigen, while those with less previous exposure
responded with low levels of antibodies.

It is worth noting that the use of ELISA for investiga-
tions concerning the biological plausibility of an asso-
ciation between two conditions, such as periodontitis
and leprosy reactions in individuals diagnosed with
leprosy, is of interest, as it is easily executed, low cost
and has good reproducibility (Lin 2015). Furthermore,
saliva collection is simple, avoiding invasive proce-
dures. It is known that saliva marker analyses reflect a
local response, result of a bacteria—host interaction in
periodontal tissues (Matos et al. 2018; Carvalho-Filho
etal. 2019).

On the other hand, saliva can contain contaminants,
such as food and cosmetic micro-residues, which inter-
fere in test sensitivity, as well as presenting some limita-
tions, as it is a fluid with low stability due to the presence
of enzymes (Matos et al. 2018). In the present study we
tried to minimize the contamination with micro-residues
collecting the saliva one hour after meal. The use of pro-
tease inhibitor was an strategy employed to maintain
the stability of the sample. Additionally, antigens taken
from bacterial extract can suffer compositional variations
depending on the cultivation condition employed, which
can reflect indirectly in the ELISA result. The use of
recombinant proteins could overcome the problem with
theses variations.

It is important to note that the test validation was car-
ried out in individuals with leprosy, which may have
interfered in the performance of the test, especially in
relation to sensitivity. Studies have shown that IgG and
IgA levels were higher in patients with chronic periodon-
titis than in healthy individuals. The average levels of
serum IgG and salivary IgA increased as the seriousness
of the disease increased (Gadekar et al. 2018; Carvalho-
Filho et al. 2019).

The individuals in this study sample were undergoing
PQT treatment or taking drugs to control leprosy reac-
tions, which may have interfered in the bacterial load,
consequently, modulating the humoral response. These
drugs can also reduce saliva flow, influence the compo-
sition of saliva or provoke systemic and local alterations
that impact on the buccal cavity (Femiano et al. 2008),
and, as such, the findings should be treated with caution.
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However, it is worth noting that before this study
there was no previous evidence that had analyzed sali-
vary IgA antigen specific to P. gingivalis levels in indi-
viduals with leprosy, with the exception of some studies
concerning diabetes, acute alcoholic hepatitis and other
systemic conditions (Mysak et al. 2014). Therefore, a
comparison group was used to evaluate the IgA formed
by individuals without leprosy diagnosis, as gold stand-
ard, with and without periodontitis, so as to ascertain
the best conditions for the test employed, free from the
response interference provoked by this chronic infec-
tious neurological disease.

Based on the above considerations, indirect ELISA
can be used as a tool to detect humoral immune
response against P. gingivalis and its virulence factors,
contributing, as such, to an avaluation of the associa-
tion between periodontitis and leprosy.

This standardized ELISA to detect levels of salivary
IgA antibody specific to P. gingivalis antigens was capa-
ble of discriminating between individuals with peri-
odontitis and without periodontitis and with a leprosy
diagnosis.
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