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Introduction

Granulomatous inflammation is a distinctive form of chronic
inflammation characterized by the formation of granulomas—
organized aggregates of macrophages, often transformed
into epithelioid cells and surrounded by lymphocytes. These
granulomas represent an immune strategy to contain and
isolate persistent stimuli that are difficult to eradicate, such
as infectious pathogens, foreign substances, or autoantigens.
While granulomatous inflammation is a key histological
finding in several diseases, its varied etiologies and overlapping
features pose significant diagnostic challenges.

Granulomas are typically categorized into caseating and non-
caseating types. Caseating granulomas, which exhibit central
necrosis, are most commonly associated with infections like
tuberculosis (TB) caused by Mycobacterium tuberculosis.
Non-caseating granulomas, on the other hand, are often seen
in sarcoidosis, Crohn’s disease, and certain autoimmune or
hypersensitivity conditions. Distinguishing between these
types is crucial, as the clinical management and prognosis can
differ markedly.

From an immunopathological perspective, granulomatous
inflammation is driven by T-helper cell-mediated immune
responses, particularly Thl cells that produce interferon-
gamma (IFN-y). IFN-y activates macrophages, enhancing their
microbicidal functions and promoting their transformation into
epithelioid cells and multinucleated giant cells. Tumor necrosis
factor-alpha (TNF-a) also plays a central role by sustaining
granuloma structure and recruitment of inflammatory cells.
In sarcoidosis and other immune-mediated granulomatous
diseases, an exaggerated Thl response occurs in the absence
of identifiable pathogens, indicating an autoimmune or
idiopathic basis [1-5].

The diagnostic workup of granulomatous inflammation
requires a combination of clinical context, histopathological
examination, and ancillary tests. Histologically, granulomas
appear as nodular collections of epithelioid histiocytes, often
accompanied by multinucleated Langhans-type or foreign-
body giant cells. Surrounding lymphocytes and fibroblasts are
commonly seen, and fibrosis may develop in chronic lesions.
Infections must be ruled out using special stains like Ziehl-
Neelsen for acid-fast bacilli and Gomori methenamine silver
for fungi. Molecular techniques such as PCR can assist in
detecting organisms when conventional methods fail.

A major diagnostic challenge lies in differentiating infectious
from non-infectious causes of granulomas, especially
in limited biopsy samples or in the absence of systemic
symptoms. For example, sarcoidosis and TB can present with
similar radiological and histological findings. Similarly, drug-
induced granulomatous reactions and foreign body granulomas
can mimic autoimmune or infectious conditions. Therefore, a
thorough clinical history, laboratory investigations, imaging,
and serology are essential complements to pathology [6-10].

In autoimmune or idiopathic granulomatous diseases, such
as sarcoidosis and granulomatosis with polyangiitis (GPA),
immunological markers like angiotensin-converting enzyme
(ACE) levels or anti-neutrophil cytoplasmic antibodies
(ANCAs) may provide supportive evidence. However, no
single marker is pathognomonic, underscoring the need for a
multidisciplinary approach.

Therapeutically, management depends on the underlying
cause. Infectious granulomatous inflammation requires
targeted antimicrobial therapy, while immune-mediated forms
often respond to corticosteroids or immunosuppressants.
However, treatment must be cautiously approached, especially
when infections have not been definitively ruled out, as
immunosuppression may exacerbate latent infections.

Conclusion

In conclusion, granulomatous inflammation is a complex
immunopathological response that can signify a wide array
of underlying conditions. Its diagnosis requires careful
histological analysis integrated with clinical, microbiological,
and immunological data to guide effective treatment and avoid
misdiagnosis.
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