
Research Article

Lungs and Breathing

Lung Breath J, 2018          doi: 10.15761/LBJ.1000128  Volume 2(2): 1-4

ISSN: 2515-1010 

Granulomatous Pulmonary Pneumocystis jirovecii in 
patients with solid and lymphoproliferative neoplasms: 
Clinicopathologic characterization of 9 cases
Paul H Hartel1,2,3*
1Consultant Histopathologist, Sligo University Hospital, Sligo, Ireland
2National University of Ireland School of Medicine, Galway, Ireland
3Section of Pulmonary and Critical Care Medicine, Department of Medicine, West Virginia University School of Medicine, Morgantown, WV, USA

Abstract
To better characterize the clinical and pathologic features of granulomatous reaction to Pneumocystis jirovecii in non-HIV/AIDS patients, nine cases of this uncommon 
pathology were reviewed. Patients included 7 males and 2 females (mean age, 63 years). The most common symptom was dyspnea (4/9). Primary medical diagnoses 
included lymphomas (5/9) and solid malignancies (4/9). Radiology findings included nodular (4/8) and diffuse (3/8) infiltrates, and solitary nodule (1/8). Diagnostic 
procedures with the highest yield were open lung biopsy (5/9) and autopsy (3/9) and transbronchial biopsy (1/9); one false negative result was initially obtained with 
bronchoalveolar lavage. Follow-up showed death from disease (5/7) and resolution of disease (2/7). Histologically, clusters of Gomori methenamine silver-positive 
Pneumocystis organisms were identified in all cases. Organisms were identified within well- (5/9) and poorly- (4/9) formed necrotizing (6/9) and non-necrotizing 
(3/9) granulomas ranging in size from 0.1 to 2.5 cm (mean, 0.7cm); granulomas were multiple (8/9) or single (1/9). Eosinophils (6/9), giant cells (5/9), and a 
fibrous rim around granulomas (4/9) were seen. Foamy pink exudates were present centrally within two granulomas. Only one case demonstrated the classic intra-
alveolar foamy exudates containing Pneumocystis.  In non-HIV/AIDS patients, granulomatous Pneumocystis jirovecii pneumonia occurs most commonly in males with 
lymphoproliferative and solid malignancies. The diagnosis may be overlooked as conventional radiologic and pathologic features are absent. When suspected, open 
lung biopsy is most likely to yield diagnostic material. Attention to organism morphology avoids misdiagnosis as Histoplasma.
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Introduction
Pneumocystis jirovecii  (formerly Pneumocystis carinii) pneumonia 

has been conventionally described as a bilateral, diffuse pulmonary 
disease having a histologic appearance of intra-alveolar eosinophilic 
foamy exudates containing cysts of P. jirovecii [1] Numerous case 
reports and rare series [2,3] with few cases of granulomatous P. 
jirovecii  pneumonia have described the granulomas as an unusual 
histologic finding in up to 4-5% of patients with and without human 
immunodeficiency virus/acquired immune deficiency syndrome. 
Recent studies have suggested that the granulomatous response to 
P. jirovecii  is likely due to host factors rather than microorganism 
genotypes [4]. Awareness of a granulomatous reaction with P. jirovecii 
is important since diagnostic procedures traditionally employed in the 
diagnosis of P. jirovecii pneumonia, such as bronchoalveolar lavage, may 
be of low yield [5]. Diagnostic delay must be avoided as mortality with 
P. jirovecii pneumonia is high [6]. Once diagnostic material is obtained, 
careful attention to microorganism morphology is necessary to avoid 
misdiagnosis. Nine cases of granulomatous P. jirovecii pneumonia were 
reviewed to better characterize its clinical and pathologic features in 
patients with lymphoproliferative and solid malignancies.

Materials and methods
Thirty-one cases diagnosed as “granulomatous Pneumocystis” 

infection from 1988 to 2009 were retrieved from tissue archives. 
Eleven non-pulmonary cases and 11 pulmonary HIV/AIDS cases were 
excluded. Clinical history and follow-up data were obtained from patient 
records. Chest radiographs were available in 8 cases. Histomorphologic 

and histochemical details were reviewed. Hematoxylin and eosin (H&E) 
stained sections were available for each case (range 1-22 slides, mean 
7). Gomori methenamine silver (GMS) stains, performed on paraffin-
embedded tissue, to identify microorganisms were available in all cases. 
The diagnostic features utilized to separate P. jiroveceii from Histoplasma 
capsulatum in GMS stained sections are presented in Table 1.

Results
The clinical results are presented in Table 2. Seven males and two 

females, ranging in age from 30 to 87 years (mean, 63) comprised the 
study group. Presenting symptoms were most commonly dyspnea, 
cough, and fever; one patient presented with a right lung mass. The 
most common medical diagnoses were lymphoma (5/9) and solid 
tumors (4/9). Chest radiographs reported nodular infiltrates (4/8), 
diffuse infiltrates (3/8), or solitary nodule (1/8). One case had no 
imaging. Definitive diagnostic procedures included open lung biopsy 
(5/9), autopsy (3/9), and less commonly transbronchial biopsy (1/20). 
One nondiagnostic bronchoalveolar lavage was pergformed. Follow-
up data were available for 7 patients. While resolution of disease was 
observed (2/7), patients typically died of disease (5/7). 
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are necessary to prevent deaths from this treatable illness. We reviewed 
9 cases of granulomatous P. jirovecii pneumonia in lymphoproliferative 
and solid malignancies to better characterize the clinical and pathologic 
features of this entity in this subset of patients.

The literature has described P. jirovecii  pneumonia as a bilateral 
pulmonary disease having a histologic and radiologic appearance 
of diffuse alveolar and interstitial infiltrates, often with a perihilar 
distribution [6,9]. Dyspnea and cough are the most common presenting 
symptoms [1]. Atypical pathologic manifestations of Pneumocystis 
pneumonia described in patients with human immunodeficiency 
virus/acquired immune deficiency syndrome [3] and patients with 
neoplastic diseases [2] have included interstitial pulmonary fibrosis, 
absence of alveolar exudates, granulomatous inflammation, hyaline 
membranes, giant cell reaction, desquamative interstitial pneumonia-
like histology, and interstitial lymphoid infiltrates. Investigations into 
the relationship between genotypic variation of P. jirovecii and these 
atypical pathologic manifestations, particularly the granulomatous 
reaction, have been undertaken. These studies have concluded that 
identical organisms are involved despite variable histologic tissue 
response, [4,10] and that host factors are likely more contributory 
to the atypical pathologic manifestations of Pneumocystis infection. 
Such host factors may include CD4/CD8 cell counts, exposure time 
to Pneumocystis surface glycoproteins, absence of IgA Pneumocystis 
antibodies, and prior Pneumocystis exposure [11-13].  Diagnosis of 
conventional Pneumocystis pneumonia has traditionally been and 
continues to rely on bronchoalveolar lavage [14]. However, in the case 
of granulomatous Pneumocystis pneumonia, bronchoalveolar lavage 
has been demonstrated to be of low yield [5]. Bronchial brushings, 
needle aspiration and transbronchial biopsy have not shown more 
favorable results [7,15-17].  A prior study has shown open lung biopsy is 
safe in immunocompromised patients and renders superior diagnostic 
information [18].

Similar to previous reports, our study demonstrated that 
granulomatous reaction to P. jirovecii  pneumonia occurs most commonly 

Pathologic findings are listed in Table 3 and demonstrated in 
Figure 1. Pneumocystis organisms were identified within granulomas 
in all cases on GMS stained sections and showed characteristic thin-
walled, spherical non-budding cysts. Dark GMS-positive intracystic 
foci (capsular dots) were also a consistent feature. Although additional 
histochemical studies were employed including Ziehl-Neelsen, Brown-
Hopps, and PAS, no other microorganisms were identified to account 
for the granulomas in any case. Granulomas containing P. jiroveceii 
ranged from 0.1 to 2.5 cm (mean, 0.7cm). Granulomas were well-formed 
(5/9), poorly formed (4/9), necrotizing (6/9), and non-necrotizing 
(3/9), multiple (8/9) and single (1/9). Histology of granulomas showed 
epithelioid histiocytes and a surrounding rim of lymphocytes (9/9). 
Eosinophils (6/9) and giant cells (5/6) were present within and around 
granulomas. Other findings included a peri-granulomatous fibrous rim 
(4/9) and central, intra-granuloma foamy eosinophilic exudates (2/9). 
Conventional intra-alveolar foamy eosinophilic exudates were seen in 
only one case.

Discussion
A granulomatous response to P. jirovecii  pneumonia has been 

previously described as an unusual histologic finding predominantly 
in patients with human immunodeficiency virus/acquired immune 
deficiency syndrome [7,8] The diagnosis of P. jirovecii  pneumonia may 
be overlooked when granulomas are present since classic radiologic 
and pathologic findings in granulomatous P. jirovecii  pneumonia are 
absent. In this setting, traditional procedures, such as bronchoalveolar 
lavage, are likely to be nondiagnostic. As the mortality of P. jirovecii  
pneumonia ranges from 40-54%,[6] expedient diagnosis and treatment 

Pneumocystis organisms
Gomori methenamine-silver positive, 
within granulomas
Thin-walled, nonbudding cysts
Capsular dots

9/9

9/9
9/9

Comorbid infections to account for 
granulomas (by histochemistry)
Gomori methenamine-silver
Ziehl-Neelsen
Brown-Hopps
PAS
Gridley’s Fungus
Brown-Brenn 
Fite

0/9
0/9
0/8
0/1
0/1
0/1
0/1

Granulomas
Mean size (range), cm
Well-formed
Poorly-formed
Necrotizing
Non-necrotizing
Multiple
Single

0.7 (0.1 to 2.5)
5/9
4/9
6/9
3/9
8/9
1/9

Granuloma-associated histology
Epithelioid histiocytes and    lymphocytes
Eosinophils
Giant cells
Fibrous rim
Central, intra-granuloma foamy 
eosinophilic exudate
Associated classic intra-alveolar foamy 
eosinophilic exudates

9/9
6/9
5/9
4/9
2/9

1/9

Table 3. Pathologic findings in granulomatous Pneumocystis pneumonia

Demographics
Male                     
Female
Mean age, years

7/9
2/9
63

Symptoms
Dyspnea
Cough
Fever
Solitary nodule on CXR

4/9
2/9
2/9
1/9

Primary diagnoses
Lymphoma/leukemia
Solid malignancy

5/9
4/9  

Radiology (8 CXRs) 
Nodular infiltrates
Diffuse infiltrates
Solitary nodule

4/8
3/8
1/8

Diagnostic procedure
Open biopsy
Autopsy
Transbronchial biopsy

5/9
3/9
1/9

Nondiagnostic procedures
Bronchoalveolar lavage 1/9

Follow-up
Dead of Disease
Resolved

7/9
2/9

Table 2. Clinical findings in granulomatous Pneumocystis pneumonia

Pneumocystis jiroveceii Histoplasma capsultum
Thin-walled cysts Thin-walled cysts
2 to 5 microns 2 to 5 microns
Collapsed forms common Collapsed forms common
Typically spherical More oval forms
Large capsular dots Smaller capsular dots
Non-budding Budding

Table 1. Diagnostic features of P. jiroveceii and Histoplasma capsulatum
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Figure 1. Histopathologic features of granulomatous PCP
The morphology of granulomas in PCP varies from solitary well-formed necrotizing lesions (A), which may contain numerous organisms (B, GMS stain), to confluent nodules (C), well-
formed non-necrotizing (D) and poorly-formed necrotizing lesions (E). Some granulomas display peripheral multinucleated giant cells with eosinophils (F), a fibrous rim (G), or central 
eosinophilic necrosis (H). Uncommon findings in PCP associated granulomas include cavitation (I), foamy eosinophilic exudates within granulomas (J) and within adjacent lung parenchyma 
(K). Thin-wall, nonbudding cysts (5-7 µm) with dark staining intracystic capsular dots are characteristic of Pneumocystis jirovecii (L, GMS stain).
Figure 1A. 10x well-formed nec gran
Figure 1B. 10x GMS well-formed nec gran
Figure 1C. 1x confluent grans
Figure 1D. 10x non nec well-formed gran
Figure 1E. 10x poorly formed nec gran
Figure 1F. 20x giant cells eosinophils in nec gran
Figure 1G. 10x fibrous rim
Figure 1H. 4x eo necrosis
Figure 1I. 4x intragran foamy eo exudate
Figure 1J. 20x intraalveolar foamy eo exudate
Figure 1K. 100x capsular dots GMS inset
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in male patients and with lymphoproliferative and solid malignancies. 
Such associations do not differ from usual P. jirovecii  pneumonia. In 
addition to their primary medical diagnoses, five patients were known 
to have received immunosuppressive treatments (i.e., chemotherapy, 
radiation, or corticosteroids). The preponderance of males (7/9) in our 
study is consistent with previous reports. While dyspnea and cough are 
common symptoms, patients may present with a solitary lung nodule. 
Chest radiograph findings of solitary pulmonary nodule, while rare 
with P. jirovecii  pneumonia, must nevertheless include granulomatous 
P. jirovecii  pneumonia in the differential diagnosis in the appropriate 
clinical setting. The present cases did not have complete data available 
on host factors that may contribute to the granulomatous response to 
P. jirovecii such as CD4/CD8 cell counts and immunoglobulin antibody 
profiles.  None of the current patients had prior infection or exposure 
to Pneumocystis recorded. We found that less invasive procedure, i.e., 
bronchoalveolar lavage, conventionally utilized to obtain diagnostic 
material in P. jirovecii pneumonia cases was nondiagnostic. Open lung 
biopsy should be considered early in cases of possible granulomatous 
P. jirovecii pneumonia to expedite diagnosis. While specific treatment 
data were not completely available for our study, two of the present 
cases were noted in the medical record to have resolved. This outcome 
is comparable to that reported with P. jirovecii  pneumonia in general 
[6]. None of the present cases of granulomatous P. jirovecii pneumonia 
documented resolution with TMP/SMX treatment. 

Histologically, the pulmonary granulomas seen with P. jirovecii 
usually have the typical appearance of infectious-type granulomas. 
They are most commonly multiple, well-formed, and necrotizing with 
thin-walled, spherical, non-budding cysts of P. jirovecii present within 
the granulomas. While central foamy eosinophilic exudates are seen in 
some pulmonary P. jirovecii granulomas, conventional findings of intra-
alveolar foamy eosinophilic exudates were seen in only one case. 

Because there is overlap in morphologic features, P. jirovecii  and 
Histoplasma capsulatum are often difficult to separate in GMS stained 
tissue sections (Table 1). Both organisms appear as thin-walled 
structures that are similar in size range. Either can appear collapsed or 
distorted in tissue sections. Pneumocystis is distinguished from fungal 
yeasts by its lack of budding forms. In contrast, Histoplasma multiplies 
by budding. Budding forms are usually not numerous but when present 
are the most definitive feature in separating the two organisms. Care 
must be taken, however, to avoid identifying abutting or slightly 
overlapping forms as budding. When budding is not identified, the 
two most important features in avoiding misdiagnosis of P. jirovecii  
as Histoplasma are shape and size of the organisms and size of the 
intracystic bodies (so-called ‘capsular dot’). Pneumocystis is typically 
spherical in shape while Histoplasma most frequently is comprised of 
oval forms. The size range of the two organisms is similar, however, 
Histoplasma on average is slightly smaller. Capsular dots represent focal 
thickening of the cyst wall of Pneumocystis [19] and the capsular dots 
of Pneumocystis are larger than those of the Histoplasma. Additionally, 
multiple dots may be seen in Pneumocystis. Rarely, Cryptococcus 
yeast forms may pose a differential diagnostic challenge when these 
organisms present at the smaller end of their usual size range (i.e., 4-6 
um, range 2-20 um). They are oval to elliptoid with single, narrow based 
budding. They can appear to have a halo that represents a mucinous 
capsule, readily identified with mucin stains. Correct identification of P. 
jirovecii will rely on a careful assessment of all the morphologic features 
mentioned. Immunohistochemistry, direct immunofluorescence and 
real-time PCR can also assist in detecting P. jirovecii [20,21].

Future studies exploring the role of host immune factors in 
the granulomatous response to P. jirovecii may help elucidate the 
pathogenesis of this unusual tissue reaction to P. jirovecii. 
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