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Mycobacterium tuberculosis bacilli in  
oral biopsies containing granulomatous 

inflammation with caseous necrosis

Abstract
Objetive: This cross-sectional and retrospective study aimed to investigate the presence of Mycobacterium tuberculosis bacillus 
in formalin-fixed paraffin-embedded (FFPE) oral samples that contained granulomas with caseous necrosis. Methods: FFPE 
biopsies that showed granulomas with caseous necrosis, suggestive of the diagnosis of tuberculosis, were selected. M. tuberculosis 
was searched by Ziehl-Neelsen staining (ZN), immunohistochemistry (IHC), nested-PCR, and GeneXpert® MTB/RIF assays. 
Results: Nine samples showing granulomas with caseous necrosis were selected. The study showed a male predominance, 
with a ratio of 2.5:1, with a mean age of 50 (19-89) years, and the tongue was the most affected anatomical site (n=4). The ZN 
technique did not detect bacilli in any sample, and IHC staining showed a coarse granular pattern staining, suggestive of M. 
tuberculosis, in three of them. Nested-PCR and the GeneXpert® MTB/RIF assays were positive in two and three of the samples, 
respectively. Conclusion: Molecular tests and IHC may be useful auxiliary methods for suspected cases of oral tuberculosis.

Keywords: Oral tuberculosis; Clinical laboratory techniques; Immunohistochemistry; Nested-PCR; Real-time polymerase chain reaction.

INTRODUCTION

Tuberculosis (TB) is a transmissible infectious dis-
ease caused by Mycobacterium 
tuberculosis, described by Dr. 
Robert Koch in 18821. Glob-
ally, an estimated 10.6 million 
people contracted tuberculo-
sis, and more than 1.5 million 
people died from tuberculosis 
in 2021. These  figures are 
particularly concerning, as 
they reflect a COVID-19-related setback in the progress 
made by 2019 in disease prevention and treatment2.

Pulmonary tuberculosis (PTB) is the most prevalent 
form of  TB infection, with an estimated quarter of  the 
global population infected by M. tuberculosis. However, most 

individuals will not develop the disease, and some will clear 
the infection3. Other body sites, such as the lymph nodes, 
peritoneum, central nervous system, and muscles, can also 

be affected2. Though rare, the 
oral cavity may be involved as 
a primary or secondary site 
of  infection PTB. Lesions are 
most commonly found on the 
tongue, palate, and tonsils4. In 
cases of  oral TB secondary 
to pulmonary involvement, 
infection can occur through 

autoinoculation from infected sputum or hematogenous dis-
semination5.

Oral lesions caused by extra pulmonary tuber-
culosis (EPTB) typically present as ulcers with a gran-
ulomatous center and a whitish halo, commonly on the 

Statement of  Clinical Significance
This study highlights a key challenge for oral pathologists, 
since the lack of  clinical information, combined with the 
paucibacillary characteristic of  the manifestation of  the 
disease in the oral cavity, makes the conclusive diagnosis quite 
challenging. Consequently, there is a real need to combine 
clinical information with histological characteristics, using 
more than one test for the diagnosis.
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dorsal tongue. TB symptoms may include ulcers, nodules, 
fissures, tuberculomas, or granulomas. Ulcers can be 
painful or painless, with an irregular, hardened surface6.

Tuberculosis, whether PTB or EPTB, manifests as 
characteristic inflammatory granulomatous lesions in re-
sponse to the bacilli. These lesions, initially microscopic, 
coalesce and become clinically visible granulomas, known 
as the tubercles5. Although caseous granulomatous 
inflammatory lesions are characteristic of  tuberculosis, 
they are not exclusive to this disease. These lesions can 
also be found in conditions such as actinomycosis, lepro-
sy, and leishmaniasis, making histology-based diagnosis 
a significant challenge for pathologists. Therefore, it is 
essential to correlate these findings with clinical charac-
teristics to rule out other differential diagnoses5,7.

Several diagnostic methods for TB exist, with spu-
tum smear microscopy being the oldest and still widely 
used2. Other effective methods include the Ziehl-Neelsen 
(ZN) staining technique for identifying acid-fast bacilli, 
and immunohistochemistry (IHC), though ZN has lower 
sensitivity than IHC and molecular techniques5,8-10. Mo-
lecular methods include nested Polymerase Chain Reac-
tion (nested-PCR), known for its enhanced sensitivity but 
with risks of  cross-contamination, and the GeneXpert® 
MTB/RIF assay, recently endorsed by the World Health 
Organization (WHO) as the fastest method5,9. This fully 
automated test is highly effective in diagnosing TB and 
detecting rifampicin resistance11.

The present study aimed to investigate the pres-
ence of  the M. tuberculosis bacillus in formalin-fixed par-
affin-embedded (FFPE) oral lesion samples containing 
granulomas with caseous necrosis through some already 
well-established diagnostic methods.

MATERIAL AND METHODS

Study design, settings, and ethical issues.
A cross-sectional and retrospective study of  a case 

series, with a population-based approach was conducted 
at the School of  Dentistry, Institute of  Biological Scienc-
es, and School of  Medicine, all centers of  Universidade 
Federal de Minas Gerais (UFMG), Belo Horizonte, 
Brazil. The guidelines for Strengthening the Reporting 
of  Observational Studies in Epidemiology (STROBE) 
were followed. All procedures involving human partici-
pants followed the ethical standards of  the institutional 
committee and the 1964 Helsinki Declaration, including 
its amendments. The participants signed informed con-
sent, and anonymity was ensured. The UFMG Human 
Research Ethics Committee (Protocol No. 5.429.194) 

approved the study.

Sample characteristics
Eligibility criteria included formalin-fixed par-

affin-embedded (FFPE) tissue biopsy samples archived 
in the Oral and Maxillofacial Pathology Laboratory at 
UFMG School of  Dentistry from 1953 to 2022, which 
presented granuloma with caseous necrosis. Intraosse-
ous biopsies and samples without sufficient material for 
analysis were excluded. A sample selection flowchart 
is presented in Supplementary Figure 1. The clinical 
diagnostic hypotheses and histological diagnoses of  
each sample were described in Supplementary Table 1.

Data collection
Sociodemographic and clinical data were obtained, 

and the information collected included: age, sex, lesion 
type, lesion color, symptomatology, biopsy type (incision-
al or excisional), human immunodeficiency virus (HIV) 
status, location, time of  evolution (months), size (mm), 
and other clinical observations.

Histological examination and immunohistochemistry
Hematoxylin-Eosin (H&E) and ZN staining for ac-

id-fast bacillus (AFB) were performed. Histological cri-
teria compatible with oral TB included the presence of  
typical granulomas with caseous necrosis, consisting of  
epithelioid histiocytic, Langhans-type multinucleated 
giant cells, and an abundance of  macrophages and lym-
phocytes near the granuloma. For the ZN evaluation, the 
presence of M. tuberculosis bacilli was observed based on 
its ability to bind to the Fuchsine dye under high power 
magnification (x400). Three observers (R.S.O.S., V.F.B., 
and R.S.G.) reviewed all H&E and ZN-stained slides.

IHC reactions were conducted using a standard 
protocol. Slides with 3μm sections were used in adhe-
sive glass slides (StarFrost, Knittel Glass, Germany). 
The Polyclonal Antibody Derived from Purified Protein 
(pAbPPD – BIO SB, Santa Barbara, CA, USA), catalogue 
number BSB 2995, was used at a dilution of  1:500 in 
Envision + Antibody Diluent (Dako Denmark A/S, 
Denmark). Dako EnVision® + Dual Link System-HRP 
(Agilent Technologies, Santa Clara, CA, USA), following 
the manufacturer’s recommended protocol, was used. 
Negative controls were included by omitting the pri-
mary antibody. The IHC results were assessed by three 
observers (R.S.O.S., V.F.B., and R.S.G.), using a light mi-
croscope, evaluating the entire slide for a coarse granular 
pattern indicative of  phagocytized and/or fragmented 
M. tuberculosis bacilli within the granuloma. The fine 
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grain pattern was also considered. Periodic acid-Schiff  
(PAS) and Grocott staining were performed to exclude 
other infectious diseases.

Rapid molecular tests by nucleic  
acid amplification (NAA tests)

Nested-PCR
For DNA extraction, 15 sections of  5μm thickness 

were cut from the FFPE tissue samples. Deparaffiniza-
tion was performed using a modified xylene method, 
involving two washes in 1 mL of  xylene and one wash 
in 1 mL of  absolute ethanol. Subsequently, the samples 
were digested with 20–40 μl proteinase K (QIAGEN, 
Hilden, Germany) at 56°C overnight. Genomic DNA 
(gDNA) was extracted from the FFPE tissue samples, 
using the QIAamp DNA FFPE Tissue kit (QIAGEN, 
Hilden, Germany) and following manufacturer instruc-
tions. For nested-PCR reactions, amplification of  the 
region of  interest corresponding to the IS6110 gene 
(GenBank: NC_000962.3) was performed. The forward 
(F) and reverse (R) primers for the region of  interest 
(both external and internal primers) were designed based 
on previous studies (Supplementary Table 2) and are 
presented in Supplementary Table 3. For both reactions, 
a final volume of  25μl, 10μM of  each primer, and 12.5 μl 
of  MyTaq HS Red Mix, two times (Bioline Reagents Ltd, 
UK) were used. The temperature protocol involved an 
initial activation step of  heating at 95°C for 3 minutes, 
followed by 45 cycles for 15s at 95°C (denaturation), 15s 
at 55°C (annealing), 30s at 72°C (extension), and a final 
extension at 72°C for 10 minutes. The hold temperature 
was 4°C. In addition, 1μl of  the product from the first 
reaction was used for amplification in the second reac-
tion. A negative control (a reaction without gDNA) was 
used at each step.

The amplification of  nested-PCR products was 
confirmed by agarose gel electrophoresis using a 3% 
agarose gel and a fluorescence band marker (SYBR® Safe 
DNA gel stain; Invitrogen by Thermo Fisher Scientific). 
The gels were viewed using the iBright Imaging Systems 
750 (Thermo Fisher Scientific, USA). Samples showing 
positive bands of  92 bp in molecular weight, as compared 
to the 100 bp ladder standard (Ludwig Biotecnologia 
LTDA, Alvorada, Brazil), were considered positive.

GeneXpert® MTB/RIF assay
For deparaffinization, 15 sections of  5μm thick-

ness were cut from the FFPE tissue samples. The sam-
ples were deparaffinized using 320μl of  deparaffinization 

solution (QIAGEN, Hilden, Germany) at 56°C for 
15 minutes. After the formation of  the tissue pellet, the 
deparaffinization solution was removed, and the pellet 
was washed with 320μl of  sterile saline solution (0.9% 
NaCl). Subsequently, 320μl of  sterile saline solution 
was added, and the tissue was macerated until a liquid 
consistency had been reached. This step was performed 
at the Mycobacteria Laboratory of  the UFMG School 
of  Medicine, using the GeneXpert® System (Cepheid, 
Sunnyvale, CA). The Xpert MTB/RIF assay amplifies a 
specific sequence of  the rpoB gene for members of  the M. 
tuberculosis complex and probe mutations within the rpoB 
gene for Rifampicin Resistant Tuberculosis (RR-TB)12.

RESULTS

Sociodemographic and clinical characteristics
The achieved data were included in text, tables, 

figures, and supplementary materials. Nine samples were 
included in the study. The sample consisted of  predom-
inantly male (2.5:1), with a mean age of  50 (± 23.08; 
19-89) years (Supplementary Table 4). Only one of  the 
individuals had informed positive HIV status (Table 1 
and Supplementary Table 5).

Most lesions were located on the tongue (n=4), 
with ulceration observed in six cases (n=6) with the time 
of  evolution ranging from 0.26 (eight days) to 6 months. 
The average size of  the lesions was 22mm, and two of  
the individual’s presented symptoms (Supplementary 
Table 4). Table 1 and Supplementary Table 5 provide 
detailed descriptions of  the individuals’ clinical and 
sociodemographic data.

Histological characteristics,  
ZN staining, and Immunohistochemistry

The histopathological features were analyzed 
through H&E staining, confirming the presence of  
granuloma with caseous necrosis in all samples (n=9). 
Langhans-type multinucleated giant cells were pres-
ent in eight of  the samples and epithelioid histiocytic 
cells, numerous lymphocytes, and macrophages were 
observed in all samples (n=9), with higher quantities 
observed next to granulomas. However, the presence of 
M. tuberculosis bacilli observed through the ZN technique 
was inconclusive in all samples. Finally, IHC staining 
showed a fine granular pattern in all samples (n=9), as 
compared to a coarse granular pattern in three of  the 
samples (Figure 1). Special stains by PAS and staining 
by Grocott proved to be negative in all samples.
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Table 1. Clinical-pathological characteristics of each individual.

Sample Age 
(years) Sex Lesion 

type Lesion color Symptomatology Biopsy 
type

HIV 
status Location

Time of 
evolution 
(months)

Size 
(mm)

Clinical 
observations

1 19 Male Tumor - - - - Mandibular alveolar 
ridge 6 - -

2*
43 Male

Ulcer -
-

I - Ventral region of the 
tongue 3

-
-

3* Ulcer - I Labial commissure -

4 49 Female Tumor Similar to 
oral mucosa - I - Buccal mucosa 2 - -

5 38 Male Cystic - - E HIV+ Bilateral buccal floor Ind 60 -

6 89 Female Ulcer Erythematous S I - Tongue border 0,26 25 -

7*

41 Male

Ulcer Erythematous

S

I

-

Tongue border 
(posterior third)

Ind

10 Patient living 
on the street 
Pulmonary 

findings 
suggestive of 

PTB
8* Ulcer Erythematous I

Lateral border of the 
tongue (apex of the 

tongue)
10

9 71 Male Ulcer - AS - - Mandibular alveolar 
ridge - 5 -

(-): Not informed. *Samples from the same individual. 
Abbreviations: AS: Asymptomatic; E: Excisional; HIV+: Individual living with Human Immunodeficiency Virus; I: Incisional; Ind: Indeterminate; PTB: Pulmonary 
Tuberculosis; S: Symptomatic.

Figure 1. (a, b) H&E staining; a) Presence of granuloma with caseous ne-
crosis (40x); b) High magnification depicting Langhans-type multinucleated 
giant cell multinucleated giant cells and epithelioid histiocytic cells (arrows) 
(400x); (c, d) Immunohistochemically staining; c) Presence of cytoplasmic 
positivity in plasma cells and lymphocytes evidenced by immunostaining, 
which reveals a brown-stained, fine, and homogeneous cytoplasm, suggest-
ing the presence of fine antigen dust derived from mycobacterial products 
and homogeneous multinucleated giant cell suggestive of fine granular 
pattern (400x); d) Cytoplasmic positivity in epithelioid macrophages, with 
non-homogeneous staining, suggesting the presence of fragmented bacilli 
observed within or around the necrotizing granuloma (arrows) (400x).

Rapid molecular tests
The positive results for nested-PCR were con-

sidered for those samples that showed amplification on 
agarose gel electrophoresis with bands similar to 92 bp. 

The results of  the GeneXpert® MTB/RIF assay were 
considered for the presence of  MTB and negative for 
rifampicin resistance, positive for the presence of  MTB 
and negative or indeterminate for rifampicin resistance, 
or positive for the presence of  MTB and positive for 
rifampicin resistance.

The sample results of  AFB staining, IHC, and 
molecular tests are presented in Table 2.

DISCUSSION

TB is transmitted through the air, mainly by 
talking, sneezing, and coughing, making it one of  the 
most transmissible diseases2,6,13-16. Men are the most 
affected by oral TB, as reported in the literature, in a 
ratio of  1.7:1, in the fifth and sixth decades of  life17, 
as also observed in this study (2.5:1), in the 5th decade 
of  life in three cases (n=7). The male gender has been 
identified as a risk factor for TB, along with alcohol and 
drug abuse, social vulnerability, HIV-positive status, and 
sociocultural determinants, which are possible factors for 
infection of  the disease18,19. The most common site of  
involvement in these cases is the tongue, especially the 
lateral edges16. Our study also found that the most affect-
ed site tends to be the tongue, in an ulcerated, erythem-
atous, and symptomatic manner. Furthermore,  these 
clinical features, despite their relation to oral TB, do 
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not definitively establish the diagnosis. It is necessary 
to prove the presence of  bacillus through histological, 
molecular, or culture tests8,9. 

Regarding histological characteristics, Kohli 
et al.20 reported that the presence of  epithelioid cells, 
lymphocytes, and Langhans-type multinucleated gi-
ant cells were observed in all cases. Likewise, in this 
present study, all samples showed the presence of  
epithelioid histiocytic, along with numerous macro-
phages and lymphocytes surrounding the granuloma. 
By contrast, Langhans-type multinucleated giant cells 
were observed in eight samples. These are expected 
histological characteristics for TB, but they can be-
come a confounding factor with other granulomatous 
lesions, being mycobacterial or not21. In this aspect, 
Langhans-type multinucleated giant cells are a key 
feature in granulomatous inflammatory diseases. How-
ever, it remains uncertain if  the granulomas develop 
as a body’s immune response to bacteria, which can 
develop a granuloma with caseous necrosis due to this 
persistence or if  the lesions create a favorable environ-
ment for the pathogen’s survival22. 

Despite being a simple, cheap, and quick tech-
nique, ZN staining becomes challenging primarily due 
to the small quantity of  bacilli typically found in this 
type of  sample8. In this investigation, no AFB was 
detected in any of  the samples using this technique. 
However, the absence of  detection through ZN stain-
ing should not be considered an exclusionary factor 
for the diagnosis of  oral TB in any sample, given the 
low sensitivity that can be attributed to this type of  
test7. In  such cases, the combination of  additional 

information, features, and tests becomes necessary to 
reach a conclusive diagnosis20,23.

The IHC technique can identify fragmented 
bacilli and antigenic residues. This offers a significant 
improvement in the diagnostic potential of  TB, espe-
cially in cases of  paucibacillary EPTB, when compared 
to the ZN technique, as it requires a bacillus’ intact cell 
wall. However, the dilution in IHC represents the main 
challenge in obtaining appropriate staining, as a fine 
granular background staining may lead to false-positive 
interpretations, particularly if  the pathologist is not fa-
miliar with this technique. Nevertheless, when the stain-
ing shows positivity as a coarse granular cytoplasmic 
pattern, stained fragmented bacilli, or stained bacillus 
forms, the specificity percentage for this technique is 
significantly increased24,25. 

This correlation of  positivity between ZN and 
IHC is shown in accordance with previous studies. 
Karimi et al.25 and Kohli et al.20 used polyclonal antibody 
BCG (pAbBCG) in tissue samples. While results from 
Karimi et al.25 showed a positivity rate of  100% (23/23) 
for IHC and 39.1% (9/23) for ZN staining, results from 
Kohli et al.20 showed positivity rates of  72% (72/100) 
and 23% (23/100) for IHC and ZN staining, respective-
ly. Furthermore, Addo et al.26 and Masoud et al.27 used 
the polyclonal antibody anti-M. tuberculosis, pAbPPD, 
similar to that used in the present study. Addo et al.26 
reported a positivity rate of  52.5% (21/40) for IHC in 
histologically suggestive tissue sections and 0% (0/40) 
for ZN staining. Masoud et al.27 found a positivity rate 
of  100% (12/12), but they did not use the special ZN 
stain. In the present study, there were wide markings of  

Sample

Ziehl-Neelsen Immunohistochemistry Molecular tests

Bacilli
Granular pattern

nested-PCR
GeneXpert MTB/RIF assay

Fine Coarse M. tuberculosis Complex Rifampicin resistance

1 - + - - - -

2 - + - - - -

3 - + - - - -

4 - + - - - -

5 - + + + + ind

6 - + - - - -

7 - + + + + ind

8 - + + - + ind

9 - + - - - -

Total 0/9 (0%) 9/9 (100%) 3/9 (33.3%) 2/9 (22.2%) 3/9 (33.3%) 0/9 (0%)

Table 2. Histological and molecular results

Abbreviations: PCR: Polymerase Chain Reaction; ind: indeterminate.
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staining patterns, mainly of  the fine granular pattern 
in all selected samples. By contrast, the coarse granular 
pattern was observed in three (n=9) of  the samples, 
showing that the IHC marking in this type of  sample 
can be an aid in the diagnosis when combined with all 
the clinical and histological characteristics.

Molecular tests may face challenges due to uneven 
microorganism distribution but remain reliable for de-
tecting M. tuberculosis in paucibacillary EPTB, offering 
rapid and accurate results9. Allahyartorkaman et  al.28 
evaluated the performance of  GeneXpert® MTB/RIF, 
a WHO-recommended rapid diagnostic test for TB, 
found a higher sensitivity for lung samples than for 
extra pulmonary samples (95.5 vs. 76.5%). This can be 
explained by the possibility that the decontamination 
step determines a decrease in the bacillary load and, 
consequently, a decrease in the sensitivity of  the test.

In correlating the molecular tests, this investiga-
tion detected M. tuberculosis in only two samples through 
the IS6110 gene amplification using nested-PCR. 
In contrast, three samples tested positive in the Gen-
eXpert® MTB/RIF assay. However, this discrepancy 
should not undermine the utility of  the method; instead, 
it highlights the need for studies with larger sample 
sizes. Additionally, this was the first study to use the 
GeneXpert MTB/RIF assay in samples suggestive of  
oral TB. The observed differences between tests may 
be attributed to the higher level of  automation in the 
GeneXpert® MTB/RIF assay, which reduces the need 
for manual intervention9,12.

Furthermore, it is important to emphasize that 
TB is a disease closely associated with poverty, and in-
dividuals affected by it often face economic difficulties, 
vulnerability, marginalization, and stigma2,19. In addition, 
approximately 50% of  those co-infected with HIV may 
develop EPTB9. Correlating the demographic char-
acteristics of  individuals with the results of  IHC and 
molecular tests, particularly the positive findings, the 
results supported the fact that the individuals tended to 
belong to populations that are more vulnerable to TB. 
For instance, one of  the participants was a homeless 
person, and another was living with HIV. These clin-
ical factors, combined with the positive molecular test 
results, suggest a higher likelihood of  TB infection in 
these individuals. The combination of  these demograph-
ic and clinical characteristics with positive test results 
highlights the reliability of  molecular tests and IHC in 
diagnosing TB. Granulomas alone are insufficient for 
a definitive diagnosis, as several other conditions may 
present similar features. 

Despite the strengths, this study did present some 
limitations. First, because it was a retrospective and 
laboratory-based study, the amount of  demographic and 
clinical data available was limited, and the study sample 
was small to determine the sensitivity and specificity 
of  the tests. In addition, it was not possible to confirm 
true positive and true negative cases. In view of  all the 
questions raised, studies with a larger sample size and 
as much sociodemographic and clinical information 
on patients as possible, in addition to confirmations 
of  true positive and negative cases to consolidate the 
accuracy of  diagnostic methods in cases of  oral TB, 
are recommended.

This study exemplifies the main difficulty faced by 
oral pathologists, since the lack of  clinical information, 
combined with the paucibacillary characteristic of  the 
manifestation of  the disease in the oral cavity, makes 
the conclusive diagnosis quite challenging. Consequent-
ly, there is a real need to combine clinical information 
with histological characteristics, using more than one 
test for the final diagnosis.

CONCLUSION

In conclusion, our study shows that molecular 
tests and IHC may be useful auxiliary methods for 
suspected cases of  oral tuberculosis, which present 
granulomas with caseous necrosis. This study provides 
information on the use and effectiveness of  diagnostic 
methods needed to assist pathologists in the accurate 
diagnosis of  oral TB lesions.
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