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Histori Artikel ABSTRAK
Diterima: Spektrum histomorfologi radang granulomatosa tuberkulosis diperkirakan mencerminkan
4 Februari 2026 dinamika replikasi basil dan respons imun. Penelitian ini merupakan studi analitik observasional
dengan desain cross-sectional yang dilakukan secara retrospektif melalui peninjauan data
Revisi: sekunder rekam medis serta arsip slide histopatologi dan blok parafin, untuk menganalisis
18 Februari 2026 korelasi dan kekuatan hubungan antara spektrum histomorfologi radang granulomatosa
tuberkulosis pada pewarnaan Hematoxylin—Eosin dengan kepadatan acid-fast bacilli (AFB) pada
Terbit: pewarnaan Modified Ziehl-Neelsen, di Unit Patologi Anatomik Rumah Sakit Pendidikan Prof.
1 Juli 2026 dr. Chairuddin Panusunan Lubis USU Medan dan Rumah Sakit Columbia Asia Medan, pada

Kata Kunci

periode 20232025 dengan consecutive sampling; 68 kasus memenuhi kriteria inklusi. Spektrum
histomorfologi diklasifikasikan menjadi granuloma epiteloid dengan atau tanpa sel datia
Langhans disertai massa nekrosis, granuloma epiteloid dengan atau tanpa sel datia Langhans
tanpa massa nekrosis dan acellular eosinophilic mass dengan sel-sel inflamasi. Kepadatan AFB
dilaporkan menggunakan sistem klasifikasi semi-kuantitatif (0, +1, +2, +3) pada pembesaran

Tuberkulosis, 1000x. Analisis dilakukan menggunakan uji eksak Fisher-Freeman-Halton dan Cramer’s V.
g.ranuloma, ) Mayoritas kasus ekstrapulmonal (95,59%), tipe granuloma epiteloid dengan nekrosis (69,12%),
hls‘tomorfologl., ) dan skor AFB +1 (67,65%). Terdapat korelasi bermakna antara spektrum histomorfologi dan
Aad‘.F ast B acilli, kepadatan AFB (p<0.001) dengan kekuatan hubungan kuat (Cramer’s V=0.59). Korelasi
Modified Ziehl- spektrum histomorfologi maupun kepadatan AFB terhadap kelompok organ, umur, dan jenis
Neelsen kelamin tidak bermakna (p>0.05).
Keywords ABSTRACT
Tuberculosis, The histomorphological spectrum of tuberculous granulomatous inflammation is considered to
granuloma, reflect bacillary replication dynamics and the host immune response. This analytic observational
histomorphology, cross-sectional study was conducted retrospectively by reviewing secondary medical records
Acid-Fast Bacilli, and archived histopathology slides and paraffin blocks to assess the correlation and strength of
Modified Ziehl— association between tuberculous granulomatous histomorphology on Hematoxylin—Eosin
Neelsen staining and acid-fast bacilli (AFB) density on Modified Ziehl-Neelsen staining at the Unit
Patologi Anatomik Rumah Sakit Pendidikan Prof. dr. Chairuddin Panusunan Lubis USU Medan
and Rumah Sakit Columbia Asia Medan during 2023-2025, using consecutive sampling; 68
cases met the inclusion criteria. Histomorphology was categorized into epithelioid granuloma
with or without Langhans-type giant cells with a necrotic mass, epithelioid granuloma with or
without Langhans-type giant cells without necrosis, and acellular eosinophilic mass with
inflammatory cells. AFB density was graded semi-quantitatively (0, +1, +2, +3) at 1000 x
magnification. Statistical analysis was performed using Fisher-Freeman-Halton exact test and
*K. densi Cramer’s V. Most cases were extrapulmonary (95.59%), demonstrated epithelioid granuloma
orespondensi with necrosis (69.12%), and showed an AFB score of +1 (67.65%). Histomorphology showed a
Email: significant correlation with AFB density (p<0.001) with a strong association (Cramer’s
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V'=0.59), whereas correlations with organ group, age, and sex were not significant (p>0.05).
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INTRODUCTION

Based on the latest Global Tuberculosis
Report (2023), tuberculosis (TB) remains a
leading cause of death worldwide and the second
deadliest infectious disease after Coronavirus
Disease 2019 (COVID-19). This report
estimates that 10.6 million people fell ill with TB
globally, comprising 5.8 million men, 3.5
million women, and 1.3 million children, with
approximately 1.3 million deaths attributed to
the disease.!

Furthermore, Indonesia is identified as
having the second-highest TB burden globally,
accounting for 10% of all estimated incident
cases. The largest shares of global TB cases are
contributed by India (27%), followed by
Indonesia (10%), China (7.1%), the Philippines
(7.0%), Pakistan (5.7%), Nigeria (4.5%),
Bangladesh (3.6%), and the Democratic
Republic of the Congo (3.0%); these eight
countries together account for approximately
two-thirds of the total global cases.!

Pulmonary tuberculosis (PTB), or
intrapulmonary tuberculosis, is the most
common form, accounting for approximately
85% of global TB cases, whereas
extrapulmonary tuberculosis (EPTB), defined as
TB involving organs other than the Ilungs,
accounts for about 15%. Reported EPTB sites
include the lymph nodes, pleura, peritoneum and
abdominal organs, skin, musculoskeletal system,
central nervous system, pericardium,
genitourinary system, and ocular structures.’”
EPTB may occur as primary infection at the
initial site or as secondary disseminated disease,

most commonly due to hematogenous or

lymphatic spread from a primary organ,

reactivation of latent TB, ingestion of infected
sputum into the gastrointestinal tract, or local
extension from adjacent organs.>®

Intrapulmonary TB  diagnosis uses
complementary modalities, starting with chest
radiological examination to detect suspicious
pulmonary lesions, followed by sputum testing
for acid-fast bacilli (AFB) to identify
Mycobacterium tuberculosis (MTB) as an initial
step in diagnosing active infection. Microbial
culture on solid or liquid media serves as the
gold standard because it enables definitive MTB
identification. Histopathological examination
via tissue biopsy or cytopathological evaluation
using fine needle aspiration (FNA) of suspected
TB lesions can also be performed to detect
tuberculous granulomas. Molecular assays such
as Polymerase Chain Reaction (PCR), Cartridge-
Based Nucleic Acid Amplification Test
(CBNAAT), and GeneXpert provide rapid
detection of MTB deoxyribonucleic acid (DNA),
whereas immunological tests such as Interferon
Gamma Release Assays (IGRA) are used to
distinguish active from latent infection by
identifying the immune response.>’:8

EPTB diagnosis is challenging because of
its occult nature, difficulty in obtaining adequate
samples, and paucibacillary characteristics. The
International Standards for Tuberculosis Care
collection  from

recommend  specimen

infection  sites, typically

obtained by fine needle aspiration or biopsy for

extrapulmonary
cytopathological, histopathological, and
bacteriological examinations. Histopathological
diagnosis is based on  granulomatous

inflammation characterized by aggregates of

epithelioid histiocytes, a peripheral cuff of
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lymphocytes and plasma cells, and epithelioid
cells that may form Langhans giant cells with
central necrosis within necrotizing
granulomas.”!!

Tuberculosis  lesions  arise  from
continuous interactions between bacterial
virulence and individual hypersensitivity and
immunity to infection, and many authors have
described a morphological spectrum reflecting
disease stage and immune status. The presence
of MTB in specimens is directly proportional to
necrosis and inversely proportional to granuloma
formation. Tuberculous lesions are
morphologically categorized into: epithelioid
granulomas with or without Langhans giant cells
accompanied by necrotic masses, epithelioid
granulomas with or without Langhans giant cells
without necrotic masses, and acellular
eosinophilic masses with inflammatory cells.
Ziehl-Neelsen (ZN) staining is essential for
identifying AFB in tissue sections, thereby
supporting confirmation of tuberculosis.'*"'®

As a high-prevalence country, Indonesia
continues to expand diagnostic examinations
according to facility availability across
healthcare levels; modality selection follows
hospital resources and referral pathways, and
histopathological examination remains an
important confirmatory approach for suspected
extrapulmonary tuberculosis when tissue biopsy
is obtained. A thorough understanding of the
histomorphological spectrum of tuberculous
granulomatous inflammation is essential to
strengthen confidence

diagnostic among

pathologists, particularly in
immunocompromised patients (e.g., chronic

comorbidities, HIV co-infection, or

immunosuppressive drug use) in whom
epithelioid granuloma formation may fail due to
reduced CD4 cell levels.

However, despite the established role of
histopathology in tuberculosis diagnosis, there is
a paucity of quantitative data regarding the
strength of association between specific
histomorphological patterns and bacillary
burden, particularly in high-burden populations
with diverse extrapulmonary manifestations.
Most existing literature focuses on qualitative
descriptions without statistically measuring the
magnitude of these correlations using effect size
metrics like Cramer’s V. Furthermore, the
specific predictive value of the
histomorphological spectrum for AFB density
across both intrapulmonary and extrapulmonary
sites requires further elucidation to improve
diagnostic confidence in resource-limited
settings. Therefore, this study aims to analyze
the histomorphological spectrum of tuberculous
granulomatous inflammation and quantify its
correlation strength with AFB infiltration
density, providing an empirical basis for
interpreting biopsy samples with variable

bacillary loads.

METHODS

This retrospective observational
analytic study used a cross-sectional design by
reviewing secondary medical record data and
archived histopathological slides and paraffin
blocks. It was conducted at the Unit Patologi
Anatomik Rumah Sakit Pendidikan Prof. dr.
Chairuddin Panusunan Lubis USU Medan and
Rumah Sakit Columbia Asia Medan, using

specimens collected during 2023-2025. This
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design was selected to evaluate the correlation
between the histomorphological spectrum of
tuberculous granulomatous inflammation and
AFB infiltration density without intervention or
follow-up.

The study utilized a consecutive
sampling method until the target population was
captured. Case identification began by tracing
slide and paraffin block numbers previously
diagnosed with tuberculous granulomatous
inflammation, followed by specimen adequacy
verification. In instances where original slides
were missing or damaged, paraffin blocks were
recut to ensure representative sections for
Hematoxylin and Eosin (H&E) and modified
Ziehl-Neelsen (MZN) staining. The inclusion
criteria comprised cases with complete medical
records and adequate tissue specimens.
Conversely, the exclusion criteria encompassed
cases where the tissue within the paraffin block
was exhausted or the blocks were missing or
damaged. The minimum sample size was
calculated using Cohen’s w (a = 0.05, 80%
power, w = 0.35), yielding n = 64. During data
collection, 68 eligible cases were obtained and
all were included to improve precision of
association estimates without changing the
minimum requirement.

Clinical variables were extracted from
medical records, while histopathological
variables were obtained through the re-
evaluation of H&E and MZN slides. To ensure
diagnostic validity and minimize observer bias,
microscopic interpretation was performed by
two anatomical pathologists and one senior

anatomical pathology resident. These reviewers

were blinded to the clinical data, and any

discordance in histomorphological classification
or AFB grading was resolved through consensus.
The histomorphological spectrum was classified
into three categories: epithelioid granulomas
with or without Langhans giant cells
accompanied by necrotic masses; epithelioid
granulomas with or without Langhans giant cells
without necrotic masses; and acellular
eosinophilic masses with inflammatory cells.
AFB infiltration density was reported semi-
quantitatively based on bacillary frequency: 0
(Negative), no AFB in the entire specimen; +1
(Focal), 1-99 AFB in 100 high-power fields
(HPF); +2 (Disseminated), 1-10 AFB per HPF
assessed in > 50 HPF; and +3 (Numerous), > 10
AFB per HPF assessed in > 20 HPF, all
evaluated at 1000x oil immersion.

Data were analyzed using IBM SPSS
software version 26.0. Categorical variables
were summarized as frequencies and
percentages. The Fisher-Freeman-Halton exact
test was employed to analyze associations, as the
assumption for expected cell counts (> 5) was
violated in more than 20% of the contingency
table cells. The strength of association was
determined using the Cramer’s V coefficient,
interpreted as weak (V < 0.30), moderate (0.30—
0.50), or strong (V > 0.50). Ethical approval was
obtained from the Health Research Ethics
Committee of the Faculty of Medicine,
Universitas Sumatera Utara, and Rumah Sakit
Pendidikan Prof. dr. Chairuddin Panusunan
Lubis USU Medan

1393/KEPK/USU/2025).

(approval  number
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RESULTS

The results of this study are summarized
in Tables 1-8, providing a comprehensive
overview of sample characteristics, frequency
distributions, and descriptive—inferential
correlation analyses across all variables. These

findings are complemented by representative

microscopic documentation, with Figure 1
illustrating the histomorphological spectrum of
tuberculous granulomatous inflammation on
H&E staining, and Figure 2 depicting the
degrees of AFB infiltration density on MZN
staining, both accompanied by complete figure

captions.

Table 1. Characteristics of the study sample.

. Frequenc Percentage
Variable (nq= 68) y 100% )g
Histomorphological spectrum of tuberculous granulomatous inflammation
Epithe.lioid granulomas with or without Langhans giant cells accompanied by 47 69.12%
necrotic masses )
Epithelioid granulomas with or without Langhans giant cells without necrotic 17 25.00%
masses
Acellular eosinophilic masses with inflammatory cells 4 5.88%
Acid-Fast Bacilli infiltration density
0 (negative) 3 4.41%
+1 (focal) 46 67.65%
+2 (disseminated) 15 22.06%
+3 (numerous) 4 5.88%
Tuberculosis infection location by organ group
Intrapulmonary 3 4.41%
Extrapulmonary 65 95.59%
Tuberculosis infection location by specific organ
Larynx 1 1.47%
Lung parenchyma, tracheobronchial 3 4.41%
Pleura 7 10.30%
Mediastinum 1 1.47%
Lymph nodes 35 51.48%
Skin, subcutaneous tissue 6 8.82%
Breast 2 2.94%
Musculoskeletal 1 1.47%
Ileum, colon, appendix, omentum, peritoneum 6 8.82%
Uterus, adnexa 3 4.41%
Prostate 1 1.47%
Anorectal 2 2.94%
Age group
0-14 years 2 2.94%
15-24 years 24 35.29%
2544 years 22 32.35%
45-64 years 9 13.24%
>65 years 11 16.18%
Sex
Male 19 27.94%
Female 49 72.06%
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Table 2. Frequency distribution and correlation analysis between the histomorphological spectrum of
tuberculous granulomatous inflammation and Acid-Fast Bacilli infiltration density.

AFB infiltration density (MZN)

Histomorphological spectrum of
. . 0 +1 +2 +3
tuberculous granulomatous inflammation =3 =46 =15 o= p-value Cramer’s V
(H&E) B P N -

(4.41%) (67.65%) (22.06%) (5.88%)

Epithelioid granulomas with or without

Langhans giant cells accompanied by 1(1.47%) 31(45.59%) 14(20.59%) 1 (1.47%)
necrotic masses
Epithelioid granulomas with or without 1(147%) 15(22.06%) 1(147%)  0(0.00%) <0.001 0.59

Langhans giant cells without necrotic masses

Acellular eosinophilic masses with

inflammatory cells
*Fisher-Freeman-Halton Exact Test.

1(1.47%)  0(0.00%)  0(0.00%) 3 (4.41%)

Table 3. Frequency distribution and correlation analysis between the histomorphological spectrum of
tuberculous granulomatous inflammation and infection location by organ group.

Infected organ group location
Intrapulmonary Extrapulmonary p-value Cramer’sV
n=3 (4.41%) n=65 (95.59%)

Histomorphological spectrum of tuberculous
granulomatous inflammation (H&E)

Epithelioid granulomas with or without Langhans giant

. . 1 (1.47%) 46 (67.65%)
cells accompanied by necrotic masses
EplthelllOId granulorpas with or without Langhans giant 2 (2.94%) 15 (22.06%) 0.306 0.21
cells without necrotic masses
Acellular eosinophilic masses with inflammatory cells 0 (0.00%) 4 (5.88%)

*Fisher-Freeman-Halton Exact Test.

Table 4. Frequency distribution and correlation analysis between the histomorphological spectrum of
tuberculous granulomatous inflammation and age groups.

. . Age group in years
Hitomorpboloiod spesim ol o ea s el s
& n=2 n=24 n=22 n=9 n=11

inflammation (H&E) (2.94%)  (3529%) (32.35%) (1324%)  (16.18%)

p-value Cramer’s V

Epithelioid granulomas with or

without Langhans giant cells 2(2.94%) 20(29.41%) 16(23.53%) 5(7.36%) 4 (5.88%)

accompanied by necrotic masses

Epithelioid granulomas with or 0170 030
without Langhans giant cells 0(0.00%) 3(4.41%) 5(7.35%) 4(5.88%) 5(7.36%) ' ’

without necrotic masses

Acellular eosinophilic masses with o N o 0 0
inflammatory cells 0(0.00%) 1(1.47%) 1(1.47%) 0 (0.00%) 2 (2.94%)

*Fisher-Freeman-Halton Exact Test.

Table 5. Frequency distribution and correlation analysis between the histomorphological spectrum of
tuberculous granulomatous inflammation and sex.

Sex
Histomorphological spectrum of tuberculous granulomatous Male Female _value Cramer’s V
inflammation (H&E) n=19 n=49 P

(27.94%) (72.06%)
Eplthellolq granulomas‘ with or without Langhans giant cells 15 (22.06%) 32 (47.06%)
accompanied by necrotic masses
Eplthellold grapulomas with or without Langhans giant cells 4 (5.88%) 13 (19.12%) 0.307 0.18
without necrotic masses
Acellular eosinophilic masses with inflammatory cells 0 (0.00%) 4 (5.88%)

*Fisher-Freeman-Halton Exact Test.
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Table 6. Frequency distribution and correlation analysis between Acid-Fast Bacilli infiltration density and
infection location by organ group.

Infected organ group location

AFB infiltration density

(MZN) Intrapulmonary Extrapulmonary p-value Cramer’s V
n=3 (4.41%) n=65 (95.59%)
0 (negative) 1 (1.47%) 2 (2.94%)
+1 (focal) 2 (2.94%) 44 (64.71%) 0154 0.32
+2 (disseminated) 0 (0.00%) 15 (22.06%) ’ ’
+3 (numerous) 0 (0.00%) 4 (5.88%)

*Fisher-Freeman-Halton Exact Test.

Table 7. Frequency distribution and correlation analysis between Acid-Fast Bacilli infiltration density and
age groups.

Age group in years

AFB infiltration density 0-14 1524 2544 45-64 >65 ,
(MZN) n=2 n=24 n=22 n=9 p1p PryvalueCramer’s V
(2.94%)  (35.29%) (32.35%)  (13.24%)  (16.18%)
0 (negative) 0(0.00%)  2(2.94%)  0(0.00%)  0(0.00%) 1 (1.47%)
+1 (focal) 1(1L47%)  15(22.06%)  15(22.06%)  6(8.82%)  9(1324%) (730 020
+2 (disseminated) 1(147%) 6 (3.82%) 5(7.35%) 3(4.42%) 0 (0.00%)
+3 (numerous) 0(0.00%)  1(1.47%)  2(2.94%)  0(0.00%) 1 (1.47%)

*Fisher-Freeman-Halton Exact Test.

Table 8. Frequency distribution and correlation analysis between Acid-Fast Bacilli infiltration density and

Sex
AFB infiltration density (MZN) Male Female p-value Cramer’s V
n=19 (27.94%) n=49 (72.06%)
0 (negative) 2 (2.94%) 1 (1.47%)
+1 (focal) 14 (20.59%) 32 (47.06%) 0.187 0.25
+2 (disseminated) 3 (4.41%) 12 (17.65%) ’ '
+3 (numerous) 0 (0.00%) 4 (5.88%)
*Fisher-Freeman-Halton Exact Test.
W T
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Figure 1. Biopsy tissue specimens from various
organs stained with H&E. A. Cervical lymph node
showing central necrosis with well-differentiated
epithelioid granulomas and Langhans giant cells (100x).
B. Breast showing abscess formation, characterized by a

necrotic mass massively infiltrated by
polymorphonuclear (PMN) and mononuclear (MN)
inflammatory cells, with identifiable epithelioid cells
and Langhans giant cells (200%). C. Pleura showing
epithelioid granulomas without necrotic areas, with
Langhans giant cells in one focus (200x%).
D. Mediastinum dominated by extensive necrotic
masses infiltrated by PMN and MN inflammatory cells
(400x).

C D

Figure 2. Expression of MZN staining for AFB in
biopsy tissue specimens from various organs.
A. Bronchus showing eosinophilic rod-shaped AFB;
overall evaluation consistent with +1 (focal), defined as
1-99 AFB in 100 high-power fields (1000x). B. Ileum
showing eosinophilic rod-shaped AFB; overall
evaluation consistent with +2 (disseminated), defined as
1-10 AFB per high-power field assessed in >50 high-
power fields (1000x). C. Thoracic vertebra showing
eosinophilic rod-shaped AFB; overall evaluation
consistent with +3 (numerous), defined as >10 AFB per
high-power field assessed in >20 high-power fields
(1000x%). D. Lymph node showing no AFB in the entire
specimen, interpreted as 0 (negative) (1000x).
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DISCUSSION

This study analyzed 68 cases of
tuberculous granulomatous inflammation. The
sample included 3 intrapulmonary cases (4.41%)
and 65 extrapulmonary cases (95.59%). This
distribution contrasts with Baykan (2022), where
intrapulmonary tuberculosis predominated (70—
80%) and extrapulmonary cases accounted for
~15-20%.* This discrepancy is expected because
pulmonary tuberculosis is primarily diagnosed
using symptoms, radiologic findings, and
sputum AFB testing. Consequently, there is a
lower clinical requirement for tissue biopsy in
pulmonary cases. Pattamapaspong (2024)
reported that active tuberculosis may present as
solitary  pulmonary nodules  mimicking
neoplasia.!” Consistently, all intrapulmonary
cases in this study were nodular lesions initially
suspected as neoplastic and later confirmed as
tuberculous granulomas. The predominance of
lymph nodes among extrapulmonary sites aligns
with Rukmi (2025), identifying lymph nodes as
the most common extrapulmonary
manifestation.'® Such broad involvement reflects
the capacity of MTB to infect diverse
organs. 151

The age distribution comprised five
groups, with the highest proportions in the 15—
24 years (35.29%) and 25-44 years (32.35%)
groups. This pattern is consistent with reports
indicating that tuberculosis predominantly
affects productive-age populations in high-
burden settings.! A cohort study in Bangladesh
(2022) reported peak incidence in the third and
fourth decades, attributed to environmental and

socioeconomic factors.® Older age remains a

risk group due to comorbidities and immune

decline, whereas pediatric cases are less
represented in biopsy series.?! These variations
likely reflect referral-hospital characteristics and
institutional case mix.??
Sex  distribution  showed  female
predominance (49 cases; 72.06%). In contrast,
the Global Tuberculosis Report (2023) reported
higher pulmonary tuberculosis prevalence
among males.! Horton (2016) attributed higher
factors and

male risk to behavioral

> Because biopsy-

environmental exposures.”
based studies may differ from population-
prevalence data, the female predominance here
likely reflects the demographic characteristics of
cases referred to anatomical pathology
services.??

The histomorphologic spectrum was
dominated by epithelioid granulomas with or
without Langhans giant cells accompanied by
necrotic masses (69.12%). This was followed by
epithelioid granulomas with or without
Langhans giant cells without necrotic masses
(25.00%) and acellular eosinophilic masses with
inflammatory cells (5.88%). This distribution is
consistent with classic tuberculous granulomas
during active infection. Epithelioid granulomas
with or without Langhans giant cells without
necrotic masses may occur in earlier disease
stages or when cellular immunity preserves
granuloma organization. Conversely, acellular
eosinophilic masses represent a rarer pattern
associated with granuloma structural breakdown
or high bacillary burden. Together, these
patterns represent the practical diagnostic
spectrum of tuberculosis.?**

AFB density was predominantly scored as

+1  (67.65%), reflecting the

typically
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paucibacillary nature of tuberculosis in tissue.
This pattern aligns with Chakravorty (2017) and
Purohit (2015), who highlighted the limited
sensitivity of ZN staining.!!** Score +1 indicates
uneven bacillary distribution, whereas scores +2
and +3 reflect higher bacillary loads, particularly
in necrotic lesions. Score +3 supports the
concept that necrotic tissue harbors higher
bacillary concentrations. AFB score 0 remains
compatible with TB because bacilli may be focal
and missed in the examined plane.”*® Negative
AFB staining does not exclude tuberculosis
when morphology is supportive.

Frequency  analysis showed that
epithelioid granulomas with or without
Langhans giant cells accompanied by necrotic
masses were most common (47 cases; 69.12%).
In this group, AFB scores were +1 in 31 cases
and +2 in 14 cases. Epithelioid granulomas with
or without Langhans giant cells without necrotic
masses accounted for 17 cases (25.00%),
predominantly with AFB score +1. Acellular
eosinophilic masses with inflammatory cells
were identified in 4 cases (5.88%), including
three with AFB score +3. Correlation analysis
demonstrated a significant association between
histomorphologic spectrum and AFB density (p
< 0.001), with a strong strength of association
(Cramer’s V = (.59).11:24-26

Epithelioid granulomas with or without
Langhans giant cells accompanied by necrotic
masses were associated with AFB scores +1 and
+2. Delyuzar and Dedy (2019) reported that
organized granulomas often show typical
morphology despite scant AFB staining.”
Humairah and Delyuzar (2020) demonstrated

dominant IFN-y expression in organized

granulomas, reflecting a strong Thl response
that limits bacillary replication.?® These findings
support the predominance of low-to-moderate
AFB scores in this granuloma type.

Epithelioid granulomas with or without
Langhans giant cells without necrotic masses
were also dominated by AFB score +1 (22.06%).
This is consistent with a stable granulomatous
phase where immune responses restrict bacillary
spread. Delyuzar and Nadjib (2017) reported that
compact lesions often contain very few bacilli
yet correlate strongly with PCR-confirmed
MTB.?’ Other studies report that non-necrotizing
almost

granulomas are invariably

paucibacillary.’

The present findings are
concordant, as most cases showed very low
bacillary counts.

Acellular eosinophilic masses with
inflammatory cells showed a distinct pattern,
with three of four cases exhibiting AFB score +3
(4.41%). Extensive necrosis without organized
granulomas reflects severe tissue destruction,
facilitating bacillary accumulation. Humairah
and Nadjib (2021) demonstrated that increased
IL-4 expression in destructive lesions is
associated with higher bacillary loads.*
Experimental studies show that caseous necrosis
centers contain the highest bacillary
concentrations.?® These findings indicate that the
histomorphologic spectrum mirrors bacillary
replication dynamics and disease activity within
tissue.

Clinically, these results underscore the
diagnostic  utility of histomorphological
profiling for therapeutic decisions. The strong
association observed (Cramer’s V = 0.59)

confirms that the entire spectrum reflects
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integral stages of tuberculosis with distinct
bacillary burdens. While necrotic masses often
correlate with active replication, this study
validates that granulomas without necrotic
masses are also diagnostically significant.
Pathologists should maintain high confidence in
diagnosing tuberculosis based on morphological
evidence, even with negative or focal AFB
staining. This approach prevents diagnostic
oversight and justifies timely treatment
initiation.

Across organ  groups, epithelioid
granulomas with or without Langhans giant cells
accompanied by necrotic masses remained
(69.12%). No

predominant significant

association was observed between
histomorphologic spectrum and organ group (p
= 0.306, Cramer’s V = 0.21). This uniformity
reflects the fact that granuloma formation is
governed by immune mechanisms that operate
similarly across tissues.?” Asian studies likewise
report necrotizing epithelioid granulomas as the
dominant pattern across various extrapulmonary
sites.'®?° Thus, anatomic location influences
disease distribution rather than granuloma
morphology.

Regarding age, no significant association
was observed with the histomorphologic
spectrum (p = 0.170, Cramer’s V = 0.30). These
findings align with Diedrich (2016), reporting
that both necrotizing and non-necrotizing
granulomas occur across ages when T-cell
immunity is maintained.?! Thus, granuloma
morphology reflects host immune dynamics
rather than age. Similarly, no statistically

significant association was found between

histomorphologic spectrum and sex (p = 0.307,

Cramer’s V = 0.18). Granuloma morphology
remains comparable between sexes because it is
driven by macrophage activation and immune
responses.!?

AFB score +1 was the most frequent
category across all organ groups (67.65%). No
significant association was found between AFB
density and organ group (p = 0.154, Cramer’s V
=0.32). This supports Baykan (2022), who noted
that tissue AFB detection depends on organism
load rather than location.* Similarly, AFB
density did not correlate significantly with age (p
= 0.730) or sex (p = 0.187). Kumar (2021)
emphasized that paucibacillary granulomas
occur across demographics when cellular
immunity limits replication.’! Accordingly,
tissue AFB density reflects immune-response
variability and lesion characteristics rather than
age or sex.”??

LIMITATIONS OF THE STUDY

This study has several limitations inherent
to its retrospective design and hospital-based
setting. First, the use of consecutive sampling in
tertiary referral centers introduces selection bias,
explaining the marked predominance of
extrapulmonary cases (95.59%). PTB is
typically diagnosed via sputum analysis and
radiology without tissue biopsy; thus, our dataset
represents the spectrum of cases requiring
histopathological confirmation rather than the
prevalence in the general population.
Consequently, the small sample size of
intrapulmonary cases (n = 3) limits the
generalizability of findings specific to lung
pathology. Second, the diagnosis relied on
histomorphology and MZN staining without

confirmation by Nucleic Acid Amplification
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Tests. While this reflects routine practice in
resource-limited settings, it precludes the
definitive  exclusion of non-tuberculous
mycobacteria in AFB-negative cases. Finally,
histopathological evaluation was limited to
single tissue sections, which may underestimate
AFB density due to the focal nature of MTB

distribution.

CONCLUSION AND
DIRECTIONS

FUTURE

This study demonstrates a significant
correlation with a strong strength of association
between the histomorphological spectrum of
tuberculous granulomatous inflammation and
AFB infiltration density. Specifically, acellular
eosinophilic masses are directly proportional to
bacillary load and inversely proportional to
formation, whereas

granuloma organized

epithelioid granulomas typically exhibit
paucibacillary characteristics. This association
reflects the host immune capacity for bacillary
containment; where an effective response limits
bacterial replication within organized structures,
while structural breakdown facilitates bacillary
Clinically, these

accumulation. findings

underscore the importance of
histomorphological profiling as a robust
diagnostic tool, justifying the initiation of TB
treatment even in AFB-negative cases when
characteristic ~ granulomatous patterns are
present. Given that correlations with PCR and
cytokine profiles (IFN-y and IL-4) have been
previously reported, future research is suggested
to employ Polyclonal MTB or Anti-MPT64
Immunohistochemistry for more sensitive

antigen detection, and to evaluate macrophage

polarization (M1 vs M2) to validate whether M2
phenotype (CD163) dominance correlates with
high bacillary loads in necrotic lesions, distinct
from M1 (CD68, iNOS) phenotypes in solid

epithelioid granulomas.
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