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ABSTRACT

Background: Tuberculosis is one of the world’s health problems, with larger mortality rate than HIV/AIDS. In order to
control this disease, a new and inexpensive diagnostic method is needed. Oral samples, such as buccal mucosa epithelium,
can be an alternative specimen, other than sputum, in the diagnosis of tuberculosis. Purpose: This study aimed to analyze
the presence of Mycobacterium tuberculosis on buccal swabbing of tuberculosis patients. Methods: Study was conducted
on 18 new pulmonary tuberculosis patients in TB DOTS unit of Dr. Soetomo General Hospital. Each subject was swabbed
on the buccal mucosa of the oral cavity for subsequent examination of PCR, AFB, and culture to detect Mycobacterium
tuberculosis in the oral cavity. Results: The results showed that Mycobacterium tuberculosis was detected from 2 study
subjects (11%) using PCR, whereas in AFB and culture examination methods no Mycobacterium tuberculosis was detected
on buccal mucosa of the oral cavity. Conclusion: This study showed that Mycobacterium tuberculosis was detected on
buccal mucosa swab of tuberculosis patients based on PCR technique, but this method is less suitable in diagnosis of

pulmonary tuberculosis.
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INTRODUCTION

Tuberculosis (TB) is an infectious disease that is one of
the world’s health problems with large effects on mortality.
The COVID-19 pandemic has a notable impact on access to
TB diagnosis and treatment and the burden of TB disease.
Large global drops in newly diagnosed TB patients were
reported in 2020, from 7.1 million in 2019 became 5.8
million., then its number was partially recovered became 6.4
million in 2021. The reduction number of people diagnosed
with TB was correlated with undiagnosed and untreated
TB which has grown then simultaneously increased the
number of TB deaths and infection transmission. India,
Indonesia, and Philipines were three countries with the most
reduction'. TB control measures in the form of the directly
observed treatment short course (DOTS) strategy have been
implemented in many countries, also Indonesia, since 1995.
One of the main pillars of the strategy is integrating patient-
centered TB services and prevention efforts, including early
diagnosis®.

The tuberculosis diagnostic method currently used for
15 years of implementation and expansion of the DOTS
strategy program is acid-fast bacilli (AFB) in direct smear
sputum. This bacteriological examination identifies the

presence of Mycobacterium tuberculosis, but this test only
has a sensitivity ranging from 20 to 65%?>. It shows that a
new, simple, inexpensive diagnostic method for tuberculosis
case detection is still needed. Increased early detection
of TB will reduce morbidity, mortality, and infection
transmission risk.

Several studies have been conducted to obtain
alternative specimens other than sputum in diagnosing
TB since high-quality sputum as a primary specimen is
not easily collected, especially from children and HIV/
AIDS patients. Cultural factors could affect the ability
to collect good sputum sample. Its viscosity also affects
the sensitivity, by increasing the heterogenity of sample,
cost, and worker in examination®. Those samples tried as
alternative specimens in TB diagnosis include exhaled
breath condensate (EBC), blood, urine, and oral samples,
including mouth rinse, saliva, dental plaque, and oral buccal
mucosal epithelium’. The buccal mucosal swab tends to
have uniform volume and composition, allowing a simpler
and cheaper diagnostic approach, particularly as a point-of-
care check application.

Detection of M. tuberculosis in the oral cavity is
associated with TB characteristics that may also lead to
manifestations in the oral cavity, either as primary or
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secondary tuberculosis, commonly called oral tuberculosis,
ranging from 0.05 to 5% of total cases of patients
tuberculosis®. This study aimed to analyse the presence of
Mycobacterium tuberculosis in swabbing oral mucosa of
the oral cavity of tuberculosis patients based on polymerase
chain reaction (PCR) technique.

MATERIALS AND METHODS

This study was held in TB DOTS outpatient unit of Dr.
Soetomo General Hospital on July 2017— January 2018.
Ethical clearance of this study was issued by Dr. Soetomo
General Hospital Ethical Committee No. 446/Panke. KKE/
VII/2017. A total 18 subjects consented to participate in
this study, and their age ranged between 18 — 66 years old.
The participants consisted of 10 males and 8 females. TB
patients were diagnosed by pulmonologist at the pulmonary
outpatient unit of Dr. Soetomo General Hospital using
clinical symptoms assessment and supporting examination,
including bacteriological and radiographic examination. All
subjects were patients who just had a positive pulmonary
tuberculosis diagnosis (no more than 7 days of diagnosis)
and haven’t received any antituberculosis treatment. Each
subject received sampling on the oral mucosa of the oral
cavity for subsequent examination of PCR, AFB, and
culture, to prove detection of Mycobacterium tuberculosis
in the oral cavity.

Swab specimens were collected from the buccal
mucosa of subjects using three different cytobrush
sticks immediately after a positive diagnosis, and under
standardised conditions, at least after 1-hour eating and
oral hygiene procedures. The swabs were brushed along
the inside of the subject’s cheek for about 10 seconds (7-8
times) to collect the specimen in uniform volume and
composition. Each swab was then distributed to glass slides
for direct smear, and put into two conical tubes, each tube
containing Middlebrook 7H9 (Fluka, Sigma-aldrich, Swiss)
and phosphate saline buffer.

Swabs of buccal mucosa were obtained and then
smeared onto the glass objects that had been labelled. The
slides were fixed by heating above flame from a Bunsen
burner three to five times for 4 seconds. The slides were
poured Carbol fuchsin 3% on the entire surface, then heated
on the flame until the smoke appeared but not boiling or
drying, for 5 minutes. The slides were allowed to cool for
5 to 7 minutes and longer. The slides were flooded with 3%
alcoholic acid solution (hydrochloric acid - ethanol), and left
for 2 to 4 minutes. The acid-alcohol was washed off with

Tabel 1. Categorization of Cohen’s Kappa value'®

distilled water and the slides were tilted to drain. The slides
were flooded with methylene blue, stand for 1-2 minute. The
methylene blue was washed off with distilled water and the
slides tilted to drain’. The slides were then examined under
microscope with 1000x for the presence of AFB.

Deep swabbing that was put in a sterile conical tube
containing approximately 3 mL of melting liquid Media
Middlebrook 7H9 then incubated in a CO, incubator for
1 week. The samples were then decontaminated prior to
culture examination. The initial phase of decontamination
was centrifugating samples at 4000 rpm for 15 minutes.
The supernatant was then discarded, and 4% NaOH was
added at a ratio of 1: 2. The sample was then vortexed
back and left in room temperature for 10 minutes. Samples
were recentrifugated at 4000 rpm for 15 minutes. The
sample was left for 10 minutes and the supernatant was
discarded. The washing was then done twice, by adding
10 ml of distilled water. Centrifugation at 4000 rpm for 15
minutes was performed once more, and the sample was left
at room temperature for 10 minutes to wait for the acrosol
to fall. Once the decontamination was done, supernatant
was discarded, and the samples could be inoculated onto
Middlebrok 7H10 agar (Fluka, Sigma-aldrich, Swiss), then
incubated at 37° C, 10% CO, dan 90% air atmosphere.
Bacterial colony was observed once a week in 3 — 5 weeks.
Identification was done by Ziehl Neelsen (Karya Husada,
BBLK Surabaya, Indonesia) staining and niacin test °.

Polymerase chain reaction technique was initiated by
DNA isolation using DNeasy kit (QIAGEN, Germany).
Amplification DNA region of gyrB gene Mycobacterium
tuberculosis was conducted for gene target 500-bp of gyrB.
The suspension of PCR mix Dream Taq Green PCR Master
Mix (Fermentas, ThermoFisher, California) was added by
primer target 500-bp region as is MTUB-f and MTUB-r
each 1 1pl, and DNA template Spul, reaction volume 25pl.
Amplification reaction is 94° C 2 minutes; 94° C 20 seconds;
54.3° C for 10 seconds; 72° C for 30 seconds; and 72° C
for 5 minutes; and the reaction 35 cycles. Mycobacterium
tuberculosis H37Rv was used as a positive control, whereas
aqua dest was used as a negative control. Examination
results in data of the buccal swab were compared to the
sputum smear examination data from the medical record.
Measuring agreement of new technique with the established
diagnostic method performed by calculating concordance,
subsequently analysed using Cohen’s Kappa with value
reference in Table 1.

RESULTS

Based on medical record, among 18 subjects, there were
6 patients with a negative result of AFB sputum smear

K value Quality of agreement examination. Twelve subjects showed positive result of
<0.20 Poor AFB presence on sputum specimens. Thorax radiography
0.21-0.40 Fairy results were available for 9 of 18 subjects (50%), of which
0.41-0.60 Moderate 6 (67%) results showed lungs fibroinfiltrate and one (11%)
0.61-0.80 Good showed pulmonary TB with tuberculoma. Four patients
0.81-1.0 Very good had type 2 Diabetes Mellitus as comorbid disease, but
1JDM (eISSN: 2722-1253) is open access under CC-BY license. Available at: https://e-journal.unair.ac.id/[JDM/index 9

DOI: https://doi.org/10.20473/ijdm.v6i1.2023.8-12



Indonesian Journal of Dental Medicine Volume 6 Issue 1 2023; 8-12

Table 2. Concordance of three methods of buccal swabs relative to sputum smear examination
No. of patients with AFB on sputum result Concordance (%) = True Positive + True Negative
Swab Result — - — -
Positive Negative True Positive True Negative
AFB 0% 33.3%
Positive 0 0
Negative 12 6
Culture 0% 33.3%
Positive 0 0
Negative 12 6
PCR 5.5% 27.8%
Positive 1 1
Negative 11

the HIV status of all subjects was unknown. The results
showed no Mycobacterium tuberculosis was detected on
buccal mucosa using Ziehl neelsen staining, but 2 samples
(11%) showed 500bp white band as positive control,
considered as Mycobacterium tuberculosis DNA detection
on buccal swab using PCR. Culture examination did not
show any Mycobacterium tuberculosis growth either. The
concordance percentage of three examination methods of
buccal swabs relative to sputum smear examination valued
same, that was 33% (Table 2). Cohen’s Kappa calculation
resulted 0, 0, and -0.06 for each AFB, culture, and PCR
examination.

DISCUSSION

TB, as an infectious disease, is transmitted by droplet nuclei.
TB primarily occurs on the lungs, but it also affects other
organs, such as joints, meninges, bones, and oral cavity, and
is called as extrapulmonary tuberculosis. Tuberculosis in the
oral cavity is known as oral tuberculosis, but its occurrence
is infrequent, about 0.5 — 1% worldwide '

Kakisi suggested that oral tuberculosis lesions were
mostly found on the buccal mucosa or vestibulum oris of
head and neck tuberculosis patients from 1991 to 2007.
Primary oral tuberculosis could be developed, although less
common, and predominantly occurs on gingiva or buccal
mucosa'?. Other intraoral sites that could be affected include
salivary glands, tonsils, uvulae, and mandibular ridges'.

Naturally, infectious agents in sputum are carried
away into the oral cavity while coughing. The bacilli then
deposited on saliva, lip, buccal, and gingival mucosa.'
They could also reside on gingival pockets since it is a
favourable site for microorganism growth and has low
oxygen pressure'?. Deposited Mycobacterium tuberculosis
on the mucosal surface then multiplies and result destruction
of the mucosa as oral tuberculosis development '3,

Some previous studies suggested that Mycobacterium
tuberculosis had been detected in oral cavity of pulmonary
tuberculosis patients. A study that was performed by Eguchi
(2003) showed that Mycobacterium tuberculosis DNA
had presented on caries lesions, dental plaque, saliva, and
denture plaque, with sensitivity ranging from 89% - 100%,
whereas the culture of these samples showed a sensitivity
of about 0 — 17.3%'°. Davis (2009) suggested that among

37 patients with negative sputum smears, the sensitivity
of Mtb DNA detection of oral wash sample was 63%,
and the sensitivity of DNA detection of sputum sample
was 100%. At the same time, among 63 smear-positive
results, the sensitivity of Mycobacterium tuberculosis DNA
detection of oral wash sample was 80%, and the sensitivity
of DNA detection was 98%'”. Another study stated that
Mycobacterium tuberculosis DNA was detected on 92%
and 68% of saliva and dental plaque samples's. Other
study conducted by Wood suggested that Mycobacterium
tuberculosis DNA was detected on buccal swabs of 18 from
20 pulmonary tuberculosis patients'.

Oral samples, such as saliva and swabs, are considered
a sample which has an easy, simple and non-invasive
procedure to collect with minimal discomfort. They also
could be obtained in smaller and more uniform volumes and
compositions. Consideration of oral mucosa swab selection
was because naturally, Mycobacterium species tends to be
associated with surfaces than fluid matrices '*%.

In this study, there were two subjects with Mycobacterium
tuberculosis findings on buccal mucosal swabs based on the
PCR method. On the other hand, both direct smear staining
and culture examination could not detect any AFB on the
buccal mucosa swabs of 18 subjects. This indicates that
Mycobacterium tuberculosis can be found in the oral cavity
of tuberculosis patients, but the adequate local defence
of the oral cavity results in the rare occurrence of oral
tuberculosis. They include antibacterial function against
Mycobacterium tuberculosis of oral normal flora growth
and components of saliva. On the other hand, continuous
salivary flows mechanically prevent attachment of both
living and fragments of bacilli on the oral mucosa. Besides,
continuous oral mucosa epithelial regeneration prevents
these microorganisms either?'.

Regarding to normal oral flora, the presence of
Mycobacterium tuberculosis in oral cavity also could be
associated with the oral hygiene status of the subjects. A
study suggested that there were microbiome differences
between the saliva of individuals with active caries and
without caries. The microbiome in the oral cavity of an
individual with active caries is more varied than in a healthy
one. However, there was no specific microorganism in
the oral cavity of active caries individuals that would not
be able to detect in healthy individuals, and vice versa.
Prevotella spp is mostly found in both groups, but there was
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a difference between its species distribution *. Some bacteria
such as A. naeslundii, P. gingivalis, and F. nucleatum
suggested inhibiting M. tuberculosis in the oral cavity '°.

The supporting examination performed to determine
tuberculosis diagnosis in this study was a thorax radiography
examination. One subject with a positive result on Mtb DNA
detection showed tuberculoma, multiple non-suspicious
lymph nodes supraclavicular, paraaortic, prevascular, upper
paratracheal, lower para trachea, subcarinal, peribronchial
and paracardial fibro infiltrate. Tuberkuloma is a rare
manifestation of tuberculosis. Determining the diagnosis of
tuberculoma is challenging since the invasive examination is
necessary and sometimes accompanied by malignancies in
some cases. Tuberculoma tends to be stable, but once there
is impaired body resistance, it could be damaged, resulting
in tuberculosis dissemination.?

Another subject showed paracardial fibro infiltrate,
which is located in the lower lungs. The subject was a
diabetes mellitus patient, and Singh (2011) stated that the
thorax radiography of a pulmonary tuberculosis patient
was affected by some factors, such as disease duration and
immunity status. Pulmonary tuberculosis with diabetes
mellitus tends to affect the lower lung than those without
diabetes mellitus which affect the upper lung, and diabetes
mellitus is considered to be susceptibility to tuberculosis
infection®.

Mycobacterium tuberculosis detection role was assessed
by concordance analysis relative to sputum direct smear
examination. This diagnostic method currently used for
15 years of implementation and expansion of the DOTS
TB strategy program, but this test has a sensitivity ranging
from 20 to 65% . Three examination methods of buccal
swab samples resulted in same concordance value, which
was 33%. Concordance analysis was performed by
Cohen’s Kappa calculation relative to sputum direct smear
examination, Cohen’s Kappa is representative to quality
of agreement of two compared different method, ranged
from -1 to 1, and resulted -0.06, 0, and 0 for each PCR,
AFB, and culture examination. In this study, Cohen’s
Kappa value of these three methods against the sputum
direct smear examination results are in the poor category,
so it can be mentioned that the role of Mycobacterium
tuberculosis detection in the buccal mucosal swab of
tuberculosis patients is a less suitable method as the
diagnostic approach of pulmonary tuberculosis. This result
was supported by Caulfield (2016) that swab tend to give
poor result because only transfer sample in small volume.**
Other study focused on oral tuberculosis lesion suggested
that histopathology examination is necessary in definitive
diagnosis determination since there might be bias result if
the microorganism is not originate from the lesion."

However, this study showed that the PCR method
could detect Mycobacterium tuberculosis in the oral cavity,
although rarely. Some patients infected with tuberculosis
may come to the dentist for oral health care but do not know
the signs and symptoms of tuberculosis in the individual
patient, so there is the possibility of transmission of
Mycobacterium tuberculosis infection through aerosols

produced by dental instruments. This method might be
used to screen microorganisms in the oral cavity as part
of the prophylactic action of transmission of tuberculosis
infection in dental and oral health services. On the other
hand, oral health care workers should still be careful and
always use standard precautions in performing dental and
oral health care.
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