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KEYWORDS Introduction Fine-needle aspiration biopsy (FNAB) is a minimally invasive biopsy technique and an
Granuloma; important tool for diagnosing infectious diseases. Rapid onsite evaluation allows for triage for ancillary
Granulomatous testing, including microbiologic cultures. We aimed to determine the etiology of granulomatous inflamma-
inflammation; tion diagnosed by FNAB by correlating with culture results and clinical history.

Culture; Materials and methods A 16-year retrospective review of cases diagnosed as “granulomatous inflamma-
Fine-needle aspiration; tion” or “granuloma” was performed at the Departments of Pathology at the Zuckerberg San Francisco Gen-
Fungi; eral Hospital and Trauma Center and University of California, San Francisco.

Mycobacteria Results A total of 339 FNABs diagnosed as granulomatous inflammation were identified. Necrotizing

granulomatous inflammation was present in 117 of 339 cases (34.5%) and non-necrotizing granulomatous
inflammation was present in 222 of 339 cases (65.5%). A pathogen was detected in 100 of 339 (29.5%)
FNABs by either cytomorphology, special stains, or culture, or a combination of more than one test. Of
the 100 pathogen-positive cases, necrotizing granulomatous inflammation was seen in 50 of 100 (50%)
and non-necrotizing granulomatous inflammation was identified in 50 of 100 (50%) cases. Culture results
were available in 239 cases and positive in 70 (29%). Positive culture results included 40 of 239 (17%) cases
with Mycobacterium tuberculosis complex, 15 of 239 (6.3%) with atypical mycobacterial species, 6 of 239
(3%) with Coccidioides immitis, 2 of 239 (<1%) with Histoplasma capsulatum, and 2 of 239 with Talar-
omyces marneffei (<1%).

Conclusions Granulomatous inflammation is a nonspecific finding and suggests a broad range of disease
processes, ranging from infection to malignancy. FNAB is an excellent minimally invasive technique that
allows for ancillary testing critical for definitive diagnosis.

© 2019 American Society of Cytopathology. Published by Elsevier Inc. All rights reserved.
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testing, especially for fastidious organisms such as fungi and
mycobacteria, which may take days to weeks before
yielding a culture result. In some cases, cultures are negative
and morphology provides the only means for diagnosis and
guidance of therapy.'” In regions with endemic tubercu-
losis, the presence of granulomatous inflammation alone is
considered diagnostic of mycobacterial infection. In these
settings, FNAB has been shown to be an effective tool in
diagnosing tuberculosis, particularly when paired with
special stains, culture, and molecular studies.”'' In pop-
ulations with a low prevalence of tuberculosis, however,
granulomatous inflammation is a nonspecific finding and
may be seen in the setting of a broad range of diagnoses
including mycobacterial and fungal infections, sarcoidosis,
foreign body reaction, and malignancy.'” In this study, we
performed a retrospective review of FNABs with a diag-
nosis of granulomatous inflammation and correlated the
results with clinical history and ancillary testing to identify
the etiology of the granulomatous inflammation.

Material and methods

FNAB cases from January 1, 2000, to March 1, 2016, with
diagnoses of “granulomatous inflammation” or “granuloma”

were identified in the pathology databases at Zuckerberg
San Francisco General Hospital and Trauma Center and
University of California, San Francisco (UCSF). Routine
cytology stains included May-Griinwald Giemsa and
Papanicolaou stains. Cases were then classified as necro-
tizing or non-necrotizing and correlated with clinical history
and special stains (Kinyoun acid-fast stain, Grocott’s
methenamine silver stain [GMS], and periodic acid—Schiff),
which were all performed on the FNAB cell block material.
The cases were also correlated with microbiology culture
studies including bacterial, mycobacterial, and fungal cul-
ture results, when available. The study received institutional
review board approval by the UCSF Committee for Human
Research (#16-20124).

Results

A total of 339 FNABs with diagnoses of granulomatous
inflammation were identified, representing 160 women and
146 men for a total of 306 patients, with a median age of 47
years (range: 1-90 years). There were 124 of 306 (40.5%)
patients who were seronegative for human immunodefi-
ciency virus (HIV), 41 of 306 (13.4%) were seropositive for
HIV, and 141 of 306 (46.1%) did not have documented

Figure 1

Fine-needle aspirate biopsy specimens with granulomatous inflammation. A, Non-necrotizing granulomatous inflammation. B,

Necrotizing granulomatous inflammation. C, Non-necrotizing granuloma on cell block. D, Acid fast bacilli on direct smear (A: Papanicolaou
stain, 60x; B: Papanicolaou stain, 40x; C: Hematoxylin and eosin, 40x; D: Kinyoun stain, 100x).
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Fine needle aspiration biopsy cases with positive culture results and association with necrosis.

Number of cases (%)

Number of cases with necrosis (%)

Table 1

Organism (n = 70)

Mycobacterium tuberculosis 40/70 (57)
complex

Atypical mycobacteria 15/70 (21)

Coccidioides immitis 6/70 (9)

Histoplasma capsulatum 2/70 (3)

Talaromyces marneffei 2/70 (3)

Aspergillus species 1/70 (1)

Nocardia species 1/70 (1)

Unclassified acid-fast bacilli 1/70 (1)

Staphylococcus aureus 1/70 (1)

Escherichia coli 1/70 (1)

24/40 (60)

6/15 (40)
1/6 (17)
1/2 (50)
0/2 (0)
0/1 (0)
0/1 (0)
1/1 (100)
0/1 (0)
0/1 (0)

testing. One patient had a history of renal transplantation
and 1 had a history of Crohn’s disease.

The sites sampled by FNAB included lymph nodes (200;
59%), lung (56; 17%), soft tissue (44; 13%), breast (12; 35%),
salivary gland (10; 29%), liver (8; 2.3%), thyroid (4; 1.1%),
kidney (2; 0.6%), pancreas (1; 0.3%), spleen (1; 0.3%), and
brain (1; 0.3%). Microorganism stains were performed in 140
(41.3%) cases and microbiology culture results were avail-
able for 239 (70.5%) FNABs. However, only 109 (32.2%)

cases had a complete workup for infection, which includes
GMS and acid-fast stain stains as well as microbiology cul-
ture results for mycobacteria, bacteria, and fungus.
Necrotizing granulomatous inflammation was present in
117 (34.5%) (Fig. 1A) cases and non-necrotizing granulo-
matous inflammation was present in 222 (65.5%) cases. A
specific pathogen was detected in 100 of 339 (29.5%)
FNABs by either cytomorphology, special stains, or
microbiology culture, or a combination of more than 1 test.

Figure 2

Coccidioides immitis. A, Spherules with endospores. B-D, Cell block with Coccidioides spherules (A: Papanicolaou stain, 40x;

B: hematoxylin and eosin stain, 60x; C: periodic acid—Schiff stain, 60x; D: Grocott’s methenamine silver stain, 60x).
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Of the 100 pathogen-positive cases, necrotizing granulo-
matous inflammation was seen in 50 of 100 (50%) and non-
necrotizing granulomatous inflammation was identified in
50 of 100 (50%) cases. Microbiology culture results were
positive in 70 of 239 cases (29%). Positive culture results
revealed: 40 of 239 (17%) cases with Mycobacterium
tuberculosis complex, 15 of 239 (6.3%) with atypical
mycobacterial species, 6 of 239 (3%) with Coccidioides
immitis, 2 of 239 (<1%) with Histoplasma capsulatum, 2 of
239 with Talaromyces marneffei (<1%) and 1 case each of
Aspergillus species, Escherichia coli, Nocardia species,
Staphylococcus aureus, and unclassified Mycobacteria
species (Table 1, Figs. 2-5).

Fungal organisms were detected in 20 of 100 (20%)
cases by cytology, special stains, and/or culture. Fungal
organisms were morphologically identified in 18 of 20
(90%) cases, either on routine Papanicolaou or May-Griin-
wald Giemsa stain or by evaluation microorganism stains
(Fig. 1B-D). Of these cases, 9 had a full workup with
cytology, special stains, and culture performed, of which 3
of 9 (33%) were detected using all testing methods, 1 of 9
(11%) by culture only, and 5 of 9 (56%) on both cytology
and microorganism stains. Two of the cases were

morphologically consistent with Candida species, 2 with
Coccidioides immitis, 1 with Cryptococcus species, and 1
with Pneumocystis jiroveci. Mycobacteria were detected in
77 of 100 (77%) cases by special stain and/or culture
(Fig. 1E). Of these cases, 32 had cytology, special stains,
and culture performed, of which 6 of 32 (19%) were iden-
tified on all testing methods, 18 of 32 (56%) by culture only,
and 8 of 32 (25%) with special stains only. Three cases of
bacterial infection were detected by culture. There was 1
case in which fungal organisms were seen on the direct
smears and confirmed by GMS on cell block, but the culture
was positive for Mycobacterium tuberculosis complex.
Mycobacteria accounted for the majority cases of
necrotizing granulomatous inflammation, 43 of 77 (56%),
with tuberculosis representing 24 of the 77 cases (31%).
Necrosis was seen in only a subset of fungal cases (3 of 20,
15%) and none of the bacterial cases (Table 2). No infec-
tious etiology was identified in 62 of 117 (53%) of cases
with necrosis. Of the total 339 cases of granulomatous
inflammation, carcinoma was present in 3 of 339 (0.9%)
cases (Fig. 1F), acute lymphoblastic lymphoma/leukemia in
1 of 339 (0.3%), and foreign body giant cell reaction in 16
of 339 (4.7%) FNAB cases. Sarcoidosis was suspected in 17

Figure 3

Cryptococcus neoformans. A, Spherical encapsulated yeast. B-D, Cell block with spherical and narrow-based budding yeast (ar-

row). (A: Papanicolaou stain, 100x; B: periodic acid—Schiff stain, 100x; C: Grocott’s methenamine silver stain, 100x; D: mucicarmine

stain, 100x).
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Figure 4 Comparison of Histoplasma capsulatum and Talaromyces marneffei. A-C, Histoplasmosis with intracellular yeast filling mac-
rophages (arrow). D, Talaromycosis with oval yeast and central septa (arrow). (A: Papanicolaou stain, 100x; B: H&E stain, 60x; C: Gro-
cott’s methenamine silver stain, 100x; D: Grocott’s methenamine silver stain, 100x).

of 306 (5.6%) patients, and 1 patient had granulomatosis
with polyangiitis, 1 patient had chronic granulomatous
disease, and 1 patient had chronic sialadenitis. Therefore,
the etiology of the granulomatous inflammation was not
determined in 199 of 339 (59%) cases, through cytology,
microorganism stains, microbiology cultures, as well as
correlation with clinical history.

Figure 5
B: Papanicolaou stain, 60x).

Discussion

FNAB has become increasingly important for the diagnosis
of infections. As a minimally invasive technique, FNAB
allows for assessment of the cytomorphology as well as
rapid onsite evaluation and triage of the sample at the time
of biopsy for ancillary studies such as microorganism stains,

Adenocarcinoma. A and B, Adenocarcinoma in association with granulomatous inflammation (A: Papanicolaou stain, 40X
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Table 2  Etiology of granulomatous inflammation and association with cytology, special stain, and culture results.
Final diagnosis (N = 339) NGI NNGI Culture positive Positive cytology/
special stains
Mycobacterial 43 34 56 22
Fungal 3 17 11 7
Bacterial 0 3 3 1
Sarcoid 0 20 0 0
Foreign body 9 0 0 0
Neoplasm 0 6 0 0
Autoimmune/chronic inflammatory 2 4 0 0
Unknown 60 138
Total 117 222 70 30

culture, and molecular diagnostics. Granulomatous inflam-
mation has traditionally been associated with mycobacterial
infections.” Indeed, in highly endemic settings, granulo-
matous inflammation alone may be enough for a presump-
tive diagnosis of tuberculosis. In low prevalence regions,
however, the data are more limited. One study evaluating
the performance of FNAB in diagnosing tuberculosis in the
United States noted a sensitivity, specificity, negative pre-
dictive value, and positive predictive value of 46%, 100%,
94%, and 100%, respectively.'” It is important to note that
the cytomorphology of tuberculosis depends on the extent
and duration of the disease as well as the immune status of
the patient. In immunocompromised patients, granulomas
may be less well-formed or entirely absent and the inflam-
mation may be mixed, consisting of neutrophils, lympho-
cytes, and/or macrophages.'”'” Acid-fast bacilli are often
difficult to identify and have been noted in only 20% to 62%
of culture positive cases.'’ In fact, granulomatous inflam-
mation is relatively infrequent in culture-positive patients
and was present in only in 25% of tuberculosis cases in 1
study evaluating cases in the United States.'” Granuloma
formation is also less frequent in HIV-positive than HIV-
negative patients (13% versus 28%).'” The literature has
described a wide array of fungi that have been diagnosed by
FNAB, including Talaromyces marneffei, (formerly Peni-
cillium marneffei), Aspergillus species, Cryptococcus neo-
formans, Mucorales species, Candida species, Phialophora
parasitica, Sporothrix schenckii, and Cladosporium spe-
cies."*'® In 1 case series of FNAB of fungal infections, a
majority of cases revealed a mixed inflammatory pattern,
consisting of lymphocytes, neutrophils, eosinophils, mac-
rophages, and multinucleated giant cells (75%). Epithelioid
granulomatous inflammation was present in only in 30% of
biopsies.'* Studies have also attempted to distinguish
sarcoidosis from tuberculosis based on patterns of granu-
lomatous inflammation but have not been able to identify
any distinguishing characteristics.'”'®

Although the etiology of the granulomatous inflamma-
tion was not identified in a majority of the total cases (199 of
339; 59%), of the 100 cases in which a pathogen was
detected, mycobacteria was the most commonly identified
microorganism (77%). Necrosis was seen only in a minority

of fungal infections (15%), and approximately half (56%) of
the mycobacterial cases demonstrated necrosis. Conversely,
no pathogen was identified in about half (53%) of the cases
with necrotizing granulomatous inflammation. One case of
necrotizing granulomatous inflammation was attributable to
granulomatosis with polyangiitis. Therefore, necrosis is not
a reliable diagnostic indicator of a particular pathogen or
that there is an ongoing infectious process.

Therefore, it is important to recognize granulomatous
inflammation at the time of rapid assessment of an FNAB.
Although culture is a critical and essential adjunct for
diagnosis, our study found that only 30% of cases with
granulomatous inflammation that had also been sent for
microbiology cultures were positive. Overall, 29.5% of all
cases had a pathogen detected by cytomorphology, special
stains on cell block, or culture. Correlation with clinical
history is also important and revealed a non-infectious eti-
ology, such as sarcoidosis or granulomatosis with poly-
angiitis, in another 12% (40 of 339) of cases.

In conclusion, this study emphasizes the critical impor-
tance of clinical history, ancillary testing, and radiologic
findings in determining the cause of granulomatous
inflammation in settings that are non-endemic for tubercu-
losis. Although culture is the gold standard for the diagnosis
of infectious disease, FNAB specimens are often the only
available diagnostic material. As ancillary testing for in-
fectious diseases continues to evolve, including molecular
techniques and mass spectrometry, we may be able to better
elucidate the etiology of granulomatous inflammation on
minimally invasive FNAB samples.
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