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ABSTRACT

The cause of epithelioid granulomatous inflammation varies widely depending on the
affected organ, geographic region, and whether the granulomas morphologically contain
necrosis. Compared with other organs, the etiological distribution and morphological
patterns of pleural epithelioid granulomas have rarely been investigated. We evaluated

the final etiologies and morphological patterns of pleural epithelioid granulomatous
inflammation in a tuberculosis (TB)-prevalent country. Of 83 patients with pleural
granulomas, 50 (60.2%) had confirmed TB pleurisy (TB-P) and 29 (34.9%) had probable TB-
P. Four patients (4.8%) with non-TB-P were diagnosed. With the exception of microbiological
results, there was no significant difference in clinical characteristics and granuloma patterns
between the confirmed TB-P and non-TB-P groups, or between patients with confirmed

and probable TB-Ps. These findings suggest that most pleural granulomatous inflammation
(95.2%) was attributable to TB-P in TB-endemic areas and that the granuloma patterns
contributed little to the prediction of final diagnosis compared with other organs.

Keywords: Granuloma; Necrosis; Pleura; Tuberculosis

Granulomatous inflammation is a major histological pattern produced in response to various
injuries. The etiology of granulomatous inflammation varies widely depending on the
affected organ, geographic region, and morphological patterns, such as necrotic or non-
necrotic granuloma.1,2 In the organ involved, information regarding etiological distribution
and morphological patterns can aid in predicting the etiology of a given granuloma.1,3
However, in contrast to lung, skin, and lymph node, there are few data regarding

the etiological distribution and morphological pattern of epithelioid granulomatous
inflammation in the pleura. In addition, although granulomatous pleural inflammations
without a specific etiology identified have been considered and treated as tuberculous

(TB) pleurisy (TB-P) in TB-endemic areas, their characteristics and treatment outcomes
have rarely been investigated. Thus, this study evaluated the etiology and histological
patterns of epithelioid granulomatous pleural inflammation in a TB-endemic area, and the
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characteristics and anti-TB treatment outcomes of patients with probable TB-P diagnosed by
histological granuloma but no microbiological confirmation.

Patients who had epithelioid granulomatous inflammation on pleural biopsy at Kyungpook
National University Hospital in Korea, a country with an intermediate TB burden,4 between
January 2008 and March 2020 were included in this study. Pleural biopsy was indicated for
the confirmation or exclusion of granulomatous pleural disease suspected in the patients
with exudative pleural effusion. These patients were retrospectively reviewed and their

final etiologies identified. Patients with TB-P were classified into 2 groups: confirmed

and probable TB-P. The confirmed TB-P group included patients who had granulomatous
pleural histology with positive culture or polymerase chain reaction (PCR) for Mycobacterium
tuberculosis (MTB) in pleural fluid, pleural tissue, sputum, or bronchial aspirate. The probable
TB-P group included patients who had granulomatous pleural results without definite
evidence of MTB or other granulomatous diseases, but had adjunctive laboratory findings
to support TB-P. Other etiologies were established by respective clinical, laboratory, and
microbiological results on the basis of granulomatous histological results.

The clinical, blood, radiological, pleural fluid, and histological data were collected and
compared between the confirmed and probable TB-P groups and between the confirmed
TB-P and non-TB-P groups. All histological slides with pleural granulomas were reviewed by a
pulmonary pathologist (TIP) blinded to the final etiologies, and divided into 2 morphological
patterns: necrotic and non-necrotic granuloma.13 A standard anti-TB treatment was
administered, unless drug modification was necessary because of drug adverse reactions or
resistance in patients with TB-P. To evaluate whether anti-TB treatment was appropriate in
the probable TB-P group, treatment outcomes were compared between the confirmed and
probable TB-P groups. Treatment outcomes were defined on the basis of the revised 2013
World Health Organization definitions of outcomes.5 Treatment success was defined as the
sum of cure and treatment completion.

During the study period, pleural biopsy was performed in 146 patients suspected of
granulomatous pleural disease. Among these patients, 83 had epithelioid granulomatous
inflammation and the remainder had chronic inflammation, necrosis, or fibrosis (n =

46), malignancy (n = 14), and miscellaneous (n = 3). In 83 patients with granulomatous
inflammation, pleural biopsy was conducted via closed needle (n = 17), ultrasonography-
guided (n =9), and video-associated thoracoscopic surgery (VATS) (n = 57). The final
etiologies of these patients were as follows: confirmed TB-P (n = 50, 60.2%; positive MTB
culture [n =38] and positive TB-PCR [n =12]), probable TB-P (n = 29, 34.9%), and non-TB-P
(n =4, 4.8%; non-tuberculous mycobacteria [NTM] [n = 2], coccidioidomycosis [n =1], and
rheumatoid arthritis [n = 1]) (Fig. 1). Two NTM pleurisy cases were confirmed by positive
culture of M. avium and M. neoaurum in pleural tissue and pleural fluid, respectively. Pleural
coccidioidomycosis was confirmed by positive culture of Coccidioides immitis in pleural fluid
and tissue. Rheumatoid pleurisy was diagnosed by male, clinical history of rheumatoid
arthritis for 20 years, laboratory results (rheumatoid arthritis factor, 295 IU/mL; anti-cyclic
citrullinated peptide antibodies, > 500 U/mL), and no evidence of infective pathogens, on the
basis of necrotizing granuloma surrounded by palisading histiocytes on VATS pleural biopsy.

Clinical, blood, and radiological findings were not significantly different between the

confirmed TB-P and probable TB-P groups (Table 1). Pleural fluid analyses were also not
significantly different between the 2 groups, although pleural fluid adenosine deaminase
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Fig. 1. Etiological distribution of pleural granulomatous inflammation in a TB-prevalent country. Non-TB included
two non-tuberculous mycobacterial pleurisies, one pleural coccidioidomycosis, and one rheumatoid pleurisy.
TB = tuberculosis.

(ADA) levels tended to be higher in the confirmed group than the probable group (90 vs. 73
IU/L; P=0.065). Almost all patients with probable TB-P had at least one or more findings
(positive acid-fast bacillus [AFB] smear, positive interferon-gamma release assay [IGRA],

or ADA levels > 50 IU/L with lymphocyte/neutrophil ratio > 0.75) suggesting TB, except for 1
patient who had necrotic granuloma on VATS pleural biopsy. Based on pathological results,
the frequency of necrosis within granulomas tended to be greater in the confirmed group than
the probable group. However, there was no statistical significance (60% vs. 38%; P=0.058). In
concordance with the diagnostic definition of TB-P classified in this study, the microbiological
analyses showed that positive MTB culture and PCR results of pleural fluid and tissue were
significantly higher in the confirmed group than in the probable group, as shown in Table 1.

In comparison between the confirmed TB-P and non-TB-P groups, none of the variables were
significantly different. This might be attributed mainly to the small number of patients in the
non-TB-P group. Nevertheless, it was meaningful that high pleural fluid ADA levels (median,
98 IU/L) were found even in the non-TB-P group. In addition, positive IGRA result (50%) was
noted in elderly patients of the non-TB-P group, reflecting the high rate of latent TB infection
in the older population of South Korea.6

In comparison between patients with necrotic and non-necrotic granulomas in the
confirmed TB-P group, clinical, blood, radiological, and pleural fluid characteristics were

not significantly different (data not shown). The underlying immunosuppressive conditions
were also not significant between the 2 groups. Not surprisingly, positive culture and TB-PCR
results of pleural tissue were higher in patients with necrotic granulomas than non-necrotic
granulomas, although there was no significant difference. On the contrary, it was interesting
that positive pleural fluid culture tended to be higher in those with non-necrotic granulomas
than necrotic granulomas (29% vs. 7%; P =0.089).

The treatment success rates were 92% (46 of 50) and 97% (28 of 29) in the confirmed and
probable TB-P groups, respectively, with no significant difference between the 2 groups
(P=10.307) (Table 1). Two (4%) patients in the confirmed TB-P group died from hepatic
failure owing to anti-TB drugs (n = 1) and cancer recurrence (n = 1). Two (4%) patients in the
confirmed TB-P group and 1 (3%) patient in the probable TB-P group were lost to follow-up.
There was no recurrent case during a similar follow-up duration between the confirmed and
probable groups (median, 416 vs. 463 day; P= 0.666). In addition, other diseases were not
identified during the treatment and follow-up periods in the probable TB-P group.
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Table 1. Final etiology and characteristics of 83 patients with granulomatous pleurisy

Characteristics Tuberculosis Non-tuberculosis P value®
Confirmed Probable Pvalue?
No. 50 29 4
Clinical
Age, yr 67 (55-75) 60 (50-71) 0.107 66 (51-73) 0.811
Male 34 (68) 22 (76) 0.458 3(75) 1.000
Symptoms, > 2 wk 34 (68) 15 (52) 0.151 3(75) 1.000
Fever, > 37.5°C 29 (44) 10 (35) 0.406 1(25) 0.628
Immunosuppressive® 8 (16) 1(3) 0.143 1(25) 0.529
Blood
WBC, cells/pL 6,345 (5,278-8,030) 6,260 (5,475-7,330) 0.955 8,470 (6,350-12,008) 0.104
Serum CRP, mg/dL 4.1(1.0-9.9) 5.0 (1.3-7.8) 0.726 4.0 (0.9-7.0) 0.861
Albumin, g/dL 3.6 (3.3-3.8) 3.6 (3.2-3.8) 0.955 3.4 (2.9-4.1) 0.937
IGRA (+) 35/41 (85) 18/22 (82) 0.729 2 (50) 0.140
Radiological
Moderate amount 38 (76) 19 (66) 0.316 2 (50) 0.274
Loculated 14 (28) 9 (31) 0.775 0 (0) 0.563
Patchy/consolidative 13 (26) 4 (14) 0.203 0 (0) 0.562
Nodule/mass 19 (38) 6 (21) 0.M 2 (50) 0.638
Cavity 3(6) 0 (0) 0.294 0 (0) 1.000
Pleural fluid and tissue
TLC, cells/pL 1,850 (819-2,710) 1,988 (1,181-3,338) 0.459 1,387 (511-215,683) 0.886
Lymphocytes, % 95 (85-98) 96 (81-99) 0.389 72 (18-93) 0.1
pH 7.41 (7.34-7.47) 7.44 (7.40-7.46) 0.116 7.98 (7.22-7.28) 0.266
Protein, g/dL 5.1 (4.7-5.6) 5.5 (4.7-5.7) 0.458 5.6 (4.5-6.0) 0.478
Glucose, mg/dL 106 (69-141) 102 (89-115) 0.692 52 (2-183) 0.385
LDH, U/L 682 (343-1,196) 502 (389-874) 0.367 1,125 (437-1,979) 0.593
ADA, IU/L 90 (60-105) 73 (58-87) 0.065 98 (48-120) 0.823
PF MTB-PCR (+) 7/45 (16) 0/27 (0) 0.040 0/3 (0) 1.000
PF MTB culture (+) 7/44 (16) 0/28 (0) 0.038 0 (0) 1.000
PT MTB culture (+) 14/29 (48) 0/17 (0) 0.001 0/2 1.000
Histological granuloma
Necrosis 0.058 0.301
@) 30 (60) 11 (38) 1(25)
©) 20 (40) 18 (62) 3(75)
Special stain
AFB (+) 3/48 (6) 1/26 (4) 1.000 0 (0) 1.000
PAS (+) 0/37 (0) 0/20 (0) - 1(25) 0.098
GMS (+) 0/36 (0) 0/23 (0) - 1(25) 0.100
Molecular
TB-PCR (+) 14/40 (35) 0/24 (0) 0.001 0 (0) 0.001
NTM-PCR (+) 1/35 (3) 0/20 (0) 1.000 1(25) 0.197
Treatment outcome 0.307 1.000
Successful 46 (92) 28 (97) 4 (100)
Lost to follow-up 2 (4) 1(3) 0 (0)
Death 2 (4) 0 (0) 0 (0)

Data are expressed as the median (interquartile range) or number (%). Differences were analyzed by Mann-Whitney test and %? or Fisher's exact tests.

ADA = adenosine deaminase, AFB = acid-fast bacilli, CRP = C-reactive protein, GMS = Grocott-Gomori's methenamine silver, IGRA = interferon-gamma release
assay, LDH = lactate dehydrogenase, MTB = Mycobacterium tuberculosis, NTM = non-tuberculous mycobacteria, PAS = periodic acid Schiff, PCR = polymerase
chain reaction, PF = pleural fluid, PT = pleural tissue, TB = tuberculosis, TLC = total leukocyte cells, WBC = white blood cells.

2Comparison between patients with confirmed and probable tuberculosis; "Comparison between patients with confirmed tuberculosis and non-tuberculosis;
‘lmmunosuppressive conditions include malignancy, transplantation, end-stage renal disease, advanced liver disease, human immunodeficiency virus infection,
and immunosuppressant use.

The present study shows that almost all cases of granulomatous pleurisy, if probable TB-P cases
were included, were attributed to TB in a TB-prevalent country. However, approximately 5% of the
cases of granulomatous pleurisy originated from non-TB. In patients with probable TB-P based on
granulomatous pathology and clinical correlation, the treatment of standard anti-TB drugs was
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appropriate in a TB-endemic area and resulted in favorable outcomes. The morphological patterns
of pleural granuloma contributed little to the prediction of final diagnosis.

Virtually all granulomatous pleurisies were caused by infection compared with the lung,
skin, and lymph node, in which sarcoidosis and infection (TB or fungus) were the most
common etiology.13 In addition, the geographic characteristics of a TB-endemic country led
to overwhelmingly TB pleurisy. This is likely why many granulomatous lung diseases, such as
sarcoidosis, hypersensitivity pneumonitis, and rheumatoid nodules, are rarely involved the
pleura.1,78 Although fungal infection can produce granulomatous pleurisy, it was also rare if
not in an endemic area of fungal infection.? In the current study, 1 patient with coccidioides
pleurisy was a foreign immigrant. Thus, our findings suggest that the etiological distribution
of granulomatous inflammation may be different between the pleura and other organs.

Although there were few non-TB-P cases in this study, their clinical, laboratory, and pleural
fluid characteristics, such as symptom duration, positive IGRA results, and high pleural

fluid ADA levels, were similar to those of patients with TB-P. In particular, NTM pleurisy is
increasing in both TB-endemic areas as well as worldwide.%10 NTM pleurisy can produce
positive AFB smear in all specimens, as in TB pleurisy. Definite discrimination between

these 2 etiologies can be established only by PCR and culture.11,12 Two patients with

NTM granulomatous pleurisy were diagnosed by positive NTM culture in pleural tissue

or fluid. These findings indicate that clinicians should actively make every effort to find
microbiological evidence of potential pathogens in all available specimens, even in cases with
granulomatous histological results.

Granulomatous pleural pathology with no evidence of specific granulomatous pleural disease
is frequently encountered in clinical practice, as shown by the probable TB-P in this study.
Many studies have included this condition as a diagnostic criterion of TB-P.13,14 In these
cases, correlation with geographic disease prevalence and other laboratory results may lead
to a specific diagnosis including infection, similar to this study. Many of our patients with
TB-P did not receive full microbiological testing, especially using fresh pleural tissue. The
lack of data on these tests was mainly attributed to insufficient tissue samples from closed-
needle biopsy used in the early study period and ultrasonography-guided pleural biopsy.

Granulomas are often morphologically categorized as necrotizing and non-necrotizing.
Necrotizing granulomas are more likely to be associated with infections.15,16 However,
infectious pleurisy can show both forms of granulomas, depending on the immune status

of the patients. Our study revealed that 40% of confirmed TB-P patients showed non-
necrotic granuloma. In addition, almost all (38 of 41) of non-necrotic pleural granulomatous
inflammation, when including probable TB-P cases, were attributed to TB. These results
were also derived from the rare incidence of non-infectious granulomatous pleural diseases,
such as sarcoidosis.”8 Thus, the results of this study support that microbiological tests to
potential pathogens should be performed for all pleural granuloma, regardless of necrosis, as
a diagnostic algorithm shown in Fig. 2.

This study had some limitations including its retrospective, single-center design, and small
non-TB-P sample size with inevitable selection bias. In addition, full microbiological tests
using pleural tissue were not performed in all patients. Thus, the potential of other etiologies
cannot be completely excluded in patients with probable TB-P. Prospective studies with larger
sample sizes are warranted.
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Fig. 2. Diagnostic algorithm of granulomatous pleural diseases in tuberculosis-endemic areas.

PCR = polymerase chain reaction, AFB = acid-fast bacilli, PAS = periodic acid Schiff, GMS = Grocott-Gomori's
methenamine silver, MTB = Mycobacterium tuberculosis, NTM = non-tuberculous mycobacteria, IGRA =
interferon-gamma release assay, TST = tuberculin skin test, ADA = adenosine deaminase.

In conclusion, our study suggests that most pleural granulomatous inflammation was
attributable to TB-P in TB-endemic areas and that the granuloma patterns contributed little
to the prediction of final diagnosis compared with other organs.

Ethics statement

Permission was obtained from the Institutional Review Board (IRB) of Kyungpook National
University Hospital to review and publish patient records retrospectively (IRB No. 2020-07-
042). The need for informed consent was waived owing to the retrospective nature of the study.
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