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Abstract 

Histoplasma capsulatum var capsulatum is an endemic respiratory pathogen present-

ing in various forms including miliary histoplasmosis, acute and chronic pulmonary 

histoplasmosis, and acute or subacute disseminated disease. The differential diag-

nosis of chronic pulmonary histoplasmosis (CPH) is broad, encompassing bacterial, 

fungal and malignant aetiologies. PubMed was searched for relevant articles on the 

radiological characteristics of CPH and the most common differential diagnoses of 

tuberculosis and chronic pulmonary aspergillosis. The Fleischner Society Glossary of 

Terms for Thoracic Imaging was used to analyze the features. The contribution of cul-

ture, antibody and antigen and PCR to the diagnosis of CPH is summarized. Cavita-

tion and pulmonary nodules are the most common features of CPH. Pleural effusion, 

pleural thickening, intrathoracic lymphadenopathy and bronchiectasis are not charac-

teristic of CPH; uncommonly CPH can be complicated by an aspergilloma. Data on 

the radiologic features of CPH are derived primarily from the USA, Brazil, and China. 

CPH can be diagnosed by respiratory fungal culture (using extended culture times) 

or Histoplasma PCR (although data are scarce) and serum Histoplasma antigen and 

antibody. Data on bronchoscopy sampling for antigen are lacking. In patients with 

pulmonary cavitation without a confirmed diagnosis of tuberculosis or aspergillosis 

should be evaluated for CPH.

1.  Introduction

Histoplasmosis covers various clinical and radiologic presentations that occur 
following inhalation of the fungus Histoplasma capsulatum var. capsulatum. This 
species has recently been split into several other clades and genotypes includ-
ing probable new species such as Histoplasma ohiense; here all referred to as 
simply H. capsulatum. H. capsulatum is endemic in NE India, the eastern states 
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of the US, Central America, South America and other parts of Southeast Asia, 
[1] Europe, [2] and Africa [3–5]. H. capsulatum is acquired from the environment 
except in rare cases of transmission via organ transplantation [6]. H. capsulatum 
fungus exhibits thermal dimorphism. It is found as a mould in the environment but 
at 37°C it exists as a yeast [7]. The inhaled microconidia transform into pathogenic 
yeast either within phagocytes (macrophages) or extracellularly, and often remain 
latent for years [7].

The presentation of pulmonary histoplasmosis varies from asymptomatic to 
severe and fatal forms. Most often the fungus is acquired asymptomatically in an 
individual and is usually eliminated quickly [8,9], sometimes leaving only randomly 
distributed small calcified lesions on a chest X-ray [10,11]. The three main pulmo-
nary manifestations of histoplasmosis are acute pulmonary histoplasmosis, chronic 
pulmonary histoplasmosis (CPH), including Histoplasma nodules, and progressive 
disseminated histoplasmosis in the immunocompromised host [12]. Miliary histoplas-
mosis is described, but is rare in acute pulmonary histoplasmosis, and slightly more 
common in AIDS and other highly immunocompromised states. Dissemination is 
well described; to the gastrointestinal tract or adrenals or occasionally to the larynx, 
heart valve, brain, mediastinal structures, retinae or other organs, even in non-
immunocompromised people [10,13,14]. Here the focus is CPH.

CPH has a time course of weeks to months. Classically CPH was defined by 
the presence of cavitary lung disease (chronic cavitary pulmonary histoplas-
mosis (CCPH) [15–17]. However, CPH in modern literature is defined more 
broadly by the chronicity of symptoms with many different radiographic features 
[15,17]. Clinically, it presents with respiratory symptoms of chronic cough without 
hemoptysis, dyspnea as well as constitutional symptoms of weight loss and fever 
[16,18–20].

CPH may develop after acute pulmonary histoplasmosis with a natural course 
of cavitation, fibrosis and progressive pulmonary insufficiency [16,18,20]. In other 
cases, the initial onset may not have been recognized as histoplasmosis and the 
patient may present later in life with an incidental finding of an asymptomatic pulmo-
nary nodule found on a chest radiograph [21].

CPH is more common in the middle decades of life, male sex in the older liter-
ature, white race, and linked to some immunosuppression or chronic lung disease 
[15,20]. Cavitary disease is usually associated with the presence of structural 
lung diseases such as emphysema or chronic obstructive pulmonary disease 
(COPD). Patients may develop CPH without COPD or a smoking history, particu-
larly women [15].

CPH is estimated to affect no more than 1 in 2000 of those exposed and infected 
[22]. Following a large outbreak in Indianapolis in 1978, 62 of 741 (8.4%) symp-
tomatic individuals developed cavitation – some acute, some chronic [20]. Previous 
reviews of this topic with detailed radiological descriptions were in 1976, 1996, and 
2006 [22–24], and broader reviews in 2004, 2020, 2021, and 2023 [9,10,17,25]. This 
review seeks to provide an overview of the characteristics of CPH, with a focus on 
radiological aspects, and summarizes how the diagnosis may be made.

chronic pulmonary histoplasmosis; CCPH, 
chronic cavitary pulmonary histoplasmosis; 
NTM, non-tuberculous mycobacterial.
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2.  Methods

The radiological features of CPH were sought by searching the PubMed database on July 10th 2024, for relevant primary 
papers and reviews on radiological characteristics dating back to 1964, with search terms including “chronic pulmonary 
histoplasmosis”, “Histoplasma”, “cavitary”, “chronic cavitary pulmonary histoplasmosis”, “diagnosis”, “radiography”, and 
“tomography”. Older papers were then retrieved from the reference lists. Highly reported features were selected and 
described in detail. The imaging features were analyzed according to the Fleischner Society Glossary of Terms to ensure 
standardized terminology [26].

CPH was defined by a duration of illness of at least 6 weeks, with confirmatory findings of a positive respiratory cul-
ture of H. capsulatum or in a few instances, microscopic or histologic evidence of small intracellular yeasts, a positive 
Histoplasma antibody or antigen assay in urine and serum. This excluded the work of Goodwin describing early features 
of CPH by sequential chest X-rays as these patients had a subacute presentation, which usually resolved [27]. Some 
elements of the large series of Wheat and colleagues [20] are included as patients with acute and chronic presentations 
of cavitary histoplasmosis. A narrative review methodology was adopted to summarize current knowledge in the field and 
identify gaps for future research.

3.  Results

We identified seven primary papers and several reviews describing the radiological features of CPH. We specifically 
analyzed key retrospective case series [15,20,28–32] that detail the radiological features of CPH, all from the USA, Brazil, 
or China. The common and uncommon findings were emphasized in various reviews [15,23,33–35]. Cases were docu-
mented in adults ranging from their 20s to their 70s, with the duration of disease before presentation (based on symp-
toms) was months or years [28,36].

3.1.  Epidemiology

Our understanding of CPH has changed in recent years, including our understanding of the epidemiology, clinical and 
radiological manifestations [15,37]. The changing epidemiology of histoplasmosis and the increasing mortality and mor-
bidity due to the increasing numbers of people living with HIV and other more subtle immunosuppressed states make the 
recognition and diagnosis of histoplasmosis even more essential [38,39].

Histoplasmosis exhibits a far broader geographic distribution than previously recognized, with endemic foci confirmed 
across the Americas, Africa, Asia, and parts of Oceania and Europe [40]. However, CPH is considered an underdiagnosed 
entity, and its true incidence and prevalence remain poorly defined [3,41]. In historical data from the US, CPH was iden-
tified in 7.2% of patients admitted to a tuberculosis sanatorium, reflecting its frequent misdiagnosis as smear-negative 
pulmonary tuberculosis in endemic areas [42].

Mortality data specific to CPH are also scarce. However, in a cohort of 90 patients with CCPH followed for a mean of 40 
months, 10% died from histoplasmosis-related pulmonary disease, and an additional four patients died following surgery 
[19]. Given the limited awareness and diagnostic capacity, particularly in low-resource settings, CPH is likely underdiag-
nosed and often misclassified as tuberculosis, especially in regions where both diseases are endemic, such as Africa and 
Southeast Asia.

As H. capsulatum lives in soil, activities that result in the disruption of soil (farming, gardening, renovation  
and construction work) can cause aerosolization and subsequent inhalation of the fungus microconidia. Bird and  
bat excretions act as fertilizers, enriching the soil with nitrogen and making soil more suitable for H. capsulatum 
growth [9]. Bats may also be infected by the fungus [43]. Therefore, activities such as the exploration of bat caves 
(spelunking) or cleaning of chicken coops have been linked to acute pulmonary histoplasmosis, but not CPH 
directly [1,44].



PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0013219  August 8, 2025 4 / 15

3.2.  Clinical presentation

CPH typically presents with chronic cough and marked weight loss, often accompanied by fatigue, fever, and dyspnea. 
Although hemoptysis is not a predominant feature, it may be observed in later stages, particularly in association with cavi-
tary lesions, and, when substantial, may indicate a superimposed aspergilloma [16–18].

Symptoms vary according to disease stage. In a series of 228 CCPH cases, early disease was characterized by 
systemic symptoms such as fever (42%) and chest pain (35%), whereas in late-stage disease, pulmonary symptoms 
predominated, including cough (76%), sputum production (61%) and hemoptysis (36%). Weakness (35%) and weight loss 
(60–64%) were consistently reported, regardless of disease stage, underscoring the chronic inflammatory burden [17]. 
These data suggest a shift from constitutional to pulmonary symptoms as the disease progresses, highlighting the impor-
tance of early recognition to prevent cavitation and pulmonary destruction.

This profile of symptoms closely resembles that of pulmonary tuberculosis, albeit often with less severity. Notably, chest 
pain in CCPH tends to be a deep, aching discomfort, differing from the pleuritic pain seen in tuberculosis. Chronic pulmo-
nary aspergillosis (CPA) remains a key differential diagnosis in patients with similar clinical and radiological profiles.

3.3.  Diagnosis

Pulmonary histoplasmosis, and especially CPH, is largely underdiagnosed in many regions of the world [10,39], partly 
because of the difficulty of diagnosis, as prolonged fungal culture and antibody serology are unavailable in many locations 
[10]. Inconsequence, diagnosis of pulmonary histoplasmosis relies on laboratories with specific skills and trained person-
nel [6]. As a result, diagnostic delays and missed cases are frequent [6].

Another risk factor for delay in diagnosis of CPH is having a comorbid pulmonary disease [6,17,25]. Without awareness 
of CPH, it can be mistaken for an exacerbation of an existing lung condition, malignancy or other infectious diseases. 
Reactivation pulmonary tuberculosis and CPA are two important differential diagnoses for CPH [45,46]. CPH and other 
forms of histoplasmosis are often mistaken for other diagnoses. This is especially true in non-endemic regions where 
there may be a lack of clinical suspicion [47]. Unnecessary invasive testing, such as lung biopsies, may be carried out 
[21,48–50]. Patients may undergo the wrong treatment [38,39].

The diagnosis of CPH is based on laboratory methods of respiratory fungal culture, antibody testing, antigen testing, 
and occasionally histopathology [9,17,25]. Histologically, H. capsulatum in tissue samples is a small intracellular yeast and 
can be a fast method of diagnosis, but is rarely done in CPH. Clinical and radiological manifestations of the disease are 
nonspecific; the radiological manifestations of CCPH overlap with tuberculosis, non-tuberculous mycobacterial infection, 
and CPA especially.

Probably the most sensitive diagnostic tests for CCPH are respiratory fungal culture and anti-Histoplasma IgG antibody. 
H. capsulatum can take anywhere from 2 weeks to 8 weeks for a colony to grow [51–53]. Cultures should be maintained 
at 35–37°C to maintain the yeast phase which poses no threat to laboratory technicians, especially in non-endemic 
regions where the general population hasn’t been exposed to the fungus [54]. Conversion from the yeast phase to myce-
lial phase by culture at 20–25°C requires handling in a Category 3 laboratory [53]. Staining of the mycelia with lactophenol 
cotton blue will show tuberculate macroconidia characteristic of the H. capsulatum mould but also manifest in other spe-
cies of fungi such as the Sepedonium species [53]. Misidentification may cause false positives for histoplasmosis, under-
scoring the importance of specific testing to ensure diagnostic accuracy.

Recent advancements in diagnostics aim to differentiate histoplasmosis from tuberculosis by focusing on more sen-
sitive and specific tests, particularly antigen detection methods. Antigen detection plays a pivotal role in diagnosing 
pulmonary histoplasmosis, particularly in acute forms and in disseminated disease among immunosuppressed patients 
or those with severe illness [55,56]. In contrast, sensitivity is significantly lower in subacute and CPH due to a reduced 
fungal burden. In contrast, urine and serum antigen detections yielded positive results in only one out of four (25%) tested 
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patients, while four out of five (80%) patients tested positive for Histoplasma serology [57]. In a multicenter study, antigen 
was detected in 30% of subacute cases and 88% of chronic pulmonary cases [56], although the latter group had a small 
sample size. In a larger study from Venezuela involving 251 patients with CPH, urinary antigen positivity was low (48%) 
[58].

The detection of antigens in bronchoalveolar lavage (BAL) demonstrates 93.5% sensitivity for pulmonary histoplasmo-
sis [59]. However, the majority of patients had progressive disseminated histoplasmosis, with only five cases character-
ized by cavitary histoplasmosis [58]. The sensitivity of BAL antigen detection in these patients reached 100% following 
sample pretreatment with heat and EDTA. Therefore, while antigen testing alone is insufficient to rule out CPH, it remains 
a valuable adjunct when integrated with serologic, radiographic, and microbiologic findings, especially in patients for 
whom invasive sampling is not feasible [60].

An alternative to culture would be specific PCR on respiratory samples, but there is no commercialized system, and 
data are scanty. PCR on BAL and bronchial fluid probably have high sensitivity and specificity compared to traditional 
culture [61–65], but no formal analytical diagnostic studies for CPH are published. Furthermore, these studies did not 
address any specific clinical syndrome of histoplasmosis including CPH. Using ITS primers and sequencing on sputum 
PCR in patients with possible pulmonary tuberculosis in Nigeria, 18 of 213 (8.5%) were positive for H. capsulatum but 
no radiological or clinical course data is provided to assess if the diagnosis was CPH, or colonization or another form of 
histoplasmosis [64].

The initial antibody assays were immunodiffusion, detecting IgG and IgM precipitating antibodies to H and M bands or 
complement fixation to Histoplasma yeast antigens [16,20,66]. This assay is the only commercially available format and 
test available globally [67,68]. There is no formal performance data of these assays published in CPH. Older studies of 
CPH patients found approximately 75% of patients had a positive immunodiffusion assay and >90% had either a positive 
CF, radioimmunoassay or EIA test, with good specificity is even in persons from a Histoplasma endemic area [53,66]. A 
Western Blot antibody assay performs well and is available in a reference laboratory in Brazil [69].

3.4.  Radiological findings

The radiological manifestations of pulmonary histoplasmosis are nonspecific and taken in isolation the differential diag-
noses are broad and include infectious aetiologies and malignancy [48]. Table 1 summarizes the radiological findings of 
different forms of pulmonary histoplasmosis.

Table 1.  Radiological features of different forms of pulmonary histoplasmosis.

Typical radiological manifestations Commentaries

Acute pulmonary 
histoplasmosis

Areas of consolidation, pulmonary nod-
ules (solitary or multiple), and mediastinal/
hilar lymphadenopathy.

Rarely miliary pattern and pericardial/pleural 
effusion.

Chronic cavitary  
pulmonary 
histoplasmosis

Chronic consolidation with progressive 
cavitation and volume loss, usually in the 
upper lobes.

Predominantly seen in patients with 
emphysema.

Chronic histo-
plasmosis with-
out cavitation

Calcified pulmonary nodules, calcified 
mediastinal/hilar nodes, bronchiolitis, 
histoplasma, and fibrosing mediastinitis.

Nodules were the most common feature of 
chronic pulmonary histoplasmosis.

Disseminated 
histoplasmosis

Diffuse micronodular or air-space 
opacities.

Miliary pattern may also be observed.

Miliary 
histoplasmosis

Micronodules with a random and diffuse 
distribution throughout the lungs

Miliary nodules have wide differentials; 
culture, antigen, and histopathology are key, 
especially in immunocompromised patients.

https://doi.org/10.1371/journal.pntd.0013219.t001

https://doi.org/10.1371/journal.pntd.0013219.t001
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Chest radiography is the most common imaging modality used for pulmonary disease. Yet its utility in delineating 
specific radiologic features of pulmonary histoplasmosis from other presentations is underexplored. Thoracic imag-
ing has improved in recent decades and, in occasional cases where the radiograph appears normal, CT may dis-
cover subtle signs. In the 2006, series by Kennedy and colleagues of 46 patients diagnosed with CPH in a tertiary 
practice, chest X-rays revealed 74% of patients with nodules but CT scan revealed a further 93% with pulmonary 
nodules [15]. However, even with the use of chest CT, histoplasmosis can be indistinguishable from other infectious 
diseases. It is important to consider the epidemiological history, such as travel to histoplasmosis-endemic areas 
or participation in activities that pose a risk of exposure to Histoplasma. Additionally, diagnostic tests for histoplas-
mosis should be performed when the radiological findings are compatible, especially if tests for tuberculosis are 
negative. However, many countries lack adequate diagnostic tools to provide rapid and accurate results for histo-
plasmosis. Ideally, improved funding and greater awareness of this mycosis in many regions would help prevent 
mortality [68].

3.4.1.  Primary infection and the Ghon focus.  Following inhalation of H. capsulatum, a primary infection occurs, 
similar to tuberculosis. First properly described in 1955 [70], the characteristic features are an evolving combination of 
lung and mediastinal lymphadenopathy over a period of weeks. Initial areas affected with soft areas of consolidation 
or large nodular infiltrates then develop caseous necrosis with fibrotic healing, and then later the development of 
calcification. This calcific response is usually more pronounced than that of tuberculosis; parenchymal calcifications 
>4 mm and hilar or mediastinal nodal calcifications >1 cm are 80% more often seen in histoplasmosis than tuberculosis, 
based on autopsy examination. Rarely are the Histoplasma organisms completely killed, so long term latency should be 
assumed.

Large exposures to H. capsulatum may lead to acute pulmonary histoplasmosis with severity of symptoms correspond-
ing to the inoculum size. Numerous point source outbreaks are described with the most severe recent one being in the 
Dominican republic, which left 3 of 32 tunnel workers (10%) dead, among 28 (93%) who were hospitalized, nine (30%) in 
intensive care [71].

3.4.2.  Pulmonary cavitation.  Cavitary disease, which is a hallmark feature of reactivation tuberculosis, may also 
manifest in CPH [72]. Cavitary lesions associated with histoplasmosis may manifest with thin or thick walls depending on 
the stage of development [16,17]. Cavitary disease may be unilateral or bilateral, and minor in extent, or far advanced 
[30]. Cavities may also contain a fungus ball [17,31,73], probably attributable to Aspergillus and therefore a co-infection 
(see below). There may be associated pleural thickening adjacent to the cavity [33].

CCPH is defined by chronic consolidation with associated cavitation [16,17,74]. Older literature indicated that the 
apical posterior segments of the upper lobes were most frequently affected, as in tuberculosis [20,75]. However, recent 
descriptions and images show isolated cavities in other lung lobes. CCPH left untreated usually progresses and leads 
to progressive pulmonary insufficiency and there is a small risk of disseminated disease [10,17,19,30,76]. The cavitation 
may grow in size and is then described as a ‘marching cavity’, to involve an entire lobe, eventually resulting in volume 
loss [17,18,36]. It is hypothesized that ‘marching cavities’ only occur in people residing in endemic regions with continuing 
exposure to airborne Histoplasma spp., but this is uncertain, partly because the radiological criteria for this term remain 
vague and appearances are heterogeneous.

Sometimes the visible lesion is a mass-like lesion with very little cavitation. Cavitary disease occurs opportunistically 
mostly in those with previous lung disease, without immunocompromise [16]. There are important links between smoking 
and the development of cavitary disease, probably a function of emphysema, but cases also arise in the under 40s [15]. 
The disease usually progresses without treatment, leading to pulmonary insufficiency [18,19,30]. Collapse of the cavity 
and progressive pleural thickening with pulmonary fibrosis may also result in volume loss and eventually in a destroyed 
lung, akin to chronic fibrosing pulmonary aspergillosis [77]. Cavitary disease may also heal to form a residual scar or 
remain stable for years (Fig 1) [76,78].
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3.4.3.  Dual infection with Histoplasma and Aspergillus.  A fungal ball (aspergilloma) is characteristic of CPA, 
including simple aspergilloma, but it may also occasionally be seen in CPH, reflecting a dual infection with CPA and CPH 
[22,73,79,80]. Marked hemoptysis is one clue to superinfection of CPH with Aspergillus. Although an aspergilloma is a 
common form of secondary Aspergillus infection in lung cavities, cavity wall and/or pleural thickening can also occur in the 
absence of a fungus ball [78].

The real frequency of dual infection remains understudied, with few reports in the literature. This is partly due to over-
lapping radiological features, the low sensitivity of respiratory fungal cultures for Aspergillus spp. and H. capsulatum, 
and inadequate documentation by IgG antibody testing. A recent small study of multidrug-resistant tuberculosis cases in 
a Histoplasma endemic area in Indonesia found 14 (28%) and 16 (32%) of 50 patients to have positive Histoplasma or 
Aspergillus IgG, respectively, with 6 (12%) to have both IgG antibodies present [81].

3.4.4.  Pulmonary nodules.  A pulmonary nodule is defined as a ‘circumscribed, typically rounded opacity’ less than 
or equal to 3 cm in diameter [26]. The features of the nodules vary and are nonspecific [33]. Pulmonary nodules are best 
investigated with CT and are an important differential diagnosis of early carcinoma of the lung and nodules attributable 
to Aspergillus, Coccidioides or non-tuberculous mycobacterial (NTM) infection to name a few differential diagnoses [82]. 
Common to pulmonary tuberculosis, NTM lung disease, CPA and CPH are manifest as both cavitary lesions and round 
nodular lesions [83,84]. Additionally, these nodules may present asymptomatically years after an acute infection and the 
epidemiological exposure may be obscure [2] or they may also present in association with chronic low-grade symptoms.

Nodules associated with histoplasmosis may be solitary or multiple (Fig 2) [35], and typically have a lower lobe pre-
dominance and are usually peripherally located, adjacent to the pleura [33]. Nodules may present with an associated 
ground-glass halo sign (Fig 3) [35], and may also demonstrate cavitation [35] or undergo necrosis. These lesions consist 
of inflammatory cells recruited as part of the immune response; a ‘residual granuloma’ surrounded by the normally aerated 
lung. Solitary pulmonary nodules or masses are often investigated as suspected malignancies [21,49,50] although the 
occurrence of Histoplasma nodules is probably rare [21,41]. FDG-PET has a high sensitivity but low specificity to delin-
eate malignancy from infectious aetiologies of such pulmonary nodules [49].

Histoplasma nodules are typically rounded opacities presenting with both well-defined or ill-defined margins and with 
regular or spiculated borders. A dominant nodule may be associated with smaller satellite nodules or with broncho-
vascular beading [35]. Nodules may progressively grow in size as a result of an abnormal host response. Fibrosis at the 
periphery of the nodule leads to growth at an average rate of 1.7 mm per year [35]. These nodules may be non-calcified or 

Fig 1.  A 62-year-old woman with a history of COPD, asthma, and type 2 diabetes presented with chronic dyspnoea. A chest CT revealed a pul-
monary cavitation in the right upper lobe. Bronchoalveolar lavage culture grew Histoplasma capsulatum.

https://doi.org/10.1371/journal.pntd.0013219.g001

https://doi.org/10.1371/journal.pntd.0013219.g001
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contain central/laminar/diffuse calcification. Those with central calcification are often called a histoplasmoma and resem-
ble a “target lesion” [35]; they may grow up to 4 cm in diameter. Calcification in a nodule is a clue to histoplasmosis, rarely 
seen in malignancy.

Notably, nodules in the lungs associated with histoplasmosis may present with concomitant extrapulmonary nodules, 
such as in the liver and the spleen, which are visible on plain radiography, if calcified [35].

3.4.5.  Micronodules and miliary histoplasmosis.  A micronodule is defined as a circumscribed lesion less than 
6 mm in diameter [26]. In acute disseminated histoplasmosis micronodules may appear diffusely distributed throughout 
the lungs, generally described as a miliary pattern; multiple small (<3 mm) pulmonary nodules of similar size that are 
randomly distributed throughout both lungs. Hematogenous spread of the fungus from re-infection from a very recent 
(usually <3 days) substantial exposure results in multiple foci of inflammation distributed throughout the lung, without 
lymphadenopathy or pleural effusion [35]. The differential diagnosis is wide, including tuberculosis, aspergillosis and 
coccidioidomycosis. Spontaneous resolution over several weeks or gradual deterioration and death may follow, hence 
antifungal treatment is usually given (Fig 4).

3.4.6.  Thoracic lymphadenopathy.  Hilar and mediastinal lymphadenopathy in histoplasmosis is a feature of a primary 
infection (see above), and may persist. Lymphadenopathy is often concomitant with features of consolidation, pulmonary 
nodules and/or histoplasmoma, but is rarely seen in those with cavitary disease [20]. Over time lymph nodes may calcify.

Fig 2.  A 63-year-old woman with hypertension, obesity, and a history of smoking. A chest CT showed multiple nodules in the lungs. The patient 
was diagnosed with pulmonary histoplasmosis after the biopsy and positive serology.

https://doi.org/10.1371/journal.pntd.0013219.g002

Fig 3.  A 24-year-old man with a history of Crohn’s disease, currently on infliximab and azathioprine, presented with a two-week history of 
cough, fever, chills, night sweats, and dyspnea after visiting a cave. A chest CT revealed two nodules with slightly irregular contours and a ground-
glass halo, located in the peripheral region of the right lower and middle lobes. He was diagnosed with probable pulmonary histoplasmosis after positive 
serology.

https://doi.org/10.1371/journal.pntd.0013219.g003

https://doi.org/10.1371/journal.pntd.0013219.g002
https://doi.org/10.1371/journal.pntd.0013219.g003
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Lymphadenopathy is rare in CPA, NTM and in the cavitary forms of CPH and finding thoracic lymphadenopathy in 
association with cavitary disease should alert the clinician to other diagnoses (tuberculosis, lymphoma, other malig-
nancy, etc).

3.4.7.  Calcified lesions.  Calcified lesions include calcified pulmonary nodules, calcified lymph nodes and broncholiths 
[18,85,86]. The pattern of calcification of the nodules may be central, diffuse or laminar and is seen on CT [35]. There 
may be multiple calcified nodules. As the infection heals, calcification occurs as a result of the deposition of calcium 
hydroxyapatite by necrotic cells within the nodule. A characteristic feature of resolved primary infection (perhaps most 
commonly seen in children) is paratracheal lymphadenopathy with calcification, sometimes called ‘mulberry calcification’ 
because of its multilobed appearance. Calcified lymph nodes can lead to a complication known as a broncholith. This 
manifests as erosion of a node into an airway obstructing the airway [35,86]. The complications vary and include 
atelectasis – partial/total collapse of the lung distal to the obstruction. This may be visualized on chest X-rays. Calcified 
nodules are much more likely to be benign and point towards an infectious etiology.

3.4.8.  Pleural effusions.  Pleural effusions are rare in all forms of histoplasmosis [16,19,20] (Fig 5). Fluid may appear 
in a cavity, or emphysematous bullae adjacent to an area of histoplasmosis, usually for a short period, before that area 
consolidates or fibrosis. Pleural effusion may be seen in pulmonary tuberculosis, but is rare in NTM lung disease, CPA 
and CPH.

Pleural thickening is highly suspicious for CPA, but seen in the acute phase of pulmonary tuberculosis (usually resolv-
ing with therapy) but appears to be uncommon in CPH. Pleural thickening in CPA can be seen in association with cavities 
(‘para-cavitary’ thickening), nodules or aspergilloma fungal balls [45].

3.4.9.  Bronchiectasis and broncholithiasis.  Bronchiectasis is not associated with histoplasmosis, unless there is 
another reason for it. In contrast, histoplasmosis is one of the commoner causes of broncholithiasis, perhaps the most 
common cause in endemic areas for histoplasmosis, where tuberculosis is less frequent [85,86]. Calcification of lymph 
nodes precedes broncholithiasis by several months or years although the time frame is shorter in children.

3.4.10.  Fibrosing mediastinitis.  Fibrosing mediastinitis is a serious presentation associated with pulmonary 
histoplasmosis [16,18,35,87]. It is visualized as the accumulation of fibrotic tissue in the mediastinum structures, 
especially the middle mediastinum (Fig 6). This can lead to compression of various mediastinal structures such as the 

Fig 4.  A 55-year-old man with no previous comorbidities presented with a 3-week history of cough, expectoration, fatigue, fever, night sweats, 
dyspnoea, and weight loss. A chest X-ray showed a miliary pattern. The patient was diagnosed with histoplasmosis after lung biopsy and positive 
serology.

https://doi.org/10.1371/journal.pntd.0013219.g004

https://doi.org/10.1371/journal.pntd.0013219.g004
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superior vena cava [31]. Fibrosing mediastinitis caused by H. capsulatum is the most common benign cause of superior 
vena cava syndrome [35]. The chest X-ray usually shows mediastinal widening [18,35,88].

Among infections such as CPA, only CPH is known to cause mediastinal fibrosis. In patients with fibrosing mediastini-
tis, attribution to histoplasmosis can be difficult. The differential diagnosis includes lymphoma, tuberculosis, aspergillosis 
(possibly linked to chronic granulomatous disease), idiopathic hyalinizing fibrosclerosis, esophageal perforation, sarcoid-
osis, silicosis or other biomass exposures, immunoglobulin G4 (IgG4)-related disease, prior mediastinal radiation or anti-
programmed death (PD)-1 therapy (pembrolizumab) or autoimmune diseases [53,54].

3.5.  Treatment

While not every patient with CPH requires treatment, [89] most do. Active therapeutics include itraconazole and liposomal 
amphotericin B. The antifungal therapy halts disease progression, facilitates the clearance of H. capsulatum from sputum, 
and leads to the resolution of pulmonary infiltrates in approximately two-thirds of patients [90].

Fig 5.  A 48-year-old man with dermatomyositis, currently undergoing combination therapy with leflunomide and methotrexate, presented with 
chronic dyspnoea. A chest CT scan revealed a right chronic pleural effusion (a rare finding in CPH) with associated thickened pleura and a cavitary 
lesion in the left upper lobe. He was diagnosed with pulmonary histoplasmosis following positive serology with high titers and confirmation via lung biopsy.

https://doi.org/10.1371/journal.pntd.0013219.g005

Fig 6.  A. A 31-year-old woman with no comorbidities presented with facial plethora and oedema of the cervical region and upper limbs. A CT 
angiography scan revealed a lesion measuring 5.4 × 3.0 × 4.4 cm, with approximately 75% reduction in the caliber of the superior vena cava. She was 
diagnosed with pulmonary histoplasmosis after positive serology results obtained by two different methods. The mediastinal biopsy revealed only fibro-
sis. B. PET/CT scan showed a mediastinal mass with high glycolytic activity.

https://doi.org/10.1371/journal.pntd.0013219.g006

https://doi.org/10.1371/journal.pntd.0013219.g005
https://doi.org/10.1371/journal.pntd.0013219.g006
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Notably, an important interaction exists between the first-line antimycobacterial drug rifampicin and the triazole antifun-
gal agents. Rifampicin acts as an enzyme inducer. Induction of the cytochrome 3A4 enzyme causes a reduction in serum 
concentrations of itraconazole [91,92]. This highlights the necessity of accurate identification of the causative agent as 
treatment pathways are widely different for reactivation of tuberculosis and CPH and co-administration of many antimyco-
bacterial agents and triazole antifungal medication is contraindicated [93].

Outcomes in the case of CPH are affected by whether or not treatment is given and also the length of time between 
diagnosis and treatment [30]. By reducing functional capacity, CPH impairs work capacity and quality of life for several 
months [94]. In some cases of persistent cavitation, surgery may be indicated [16,75]. Corticosteroids and surgical resec-
tion have been the mainstays of therapy for fibrosing mediastinitis, with limited success. Recently rituximab has been used 
with approximately 50% responding over 24 months [95].

4.  Limitations

A significant limitation to the description of the radiographic features of CPH is the small datasets in the recent literature. 
Rubin in 1959 reported on 78 patients [19] and Parker in 1970 on 408 patients [30]. Among more recent series, with CT 
scanning, the largest dataset for CPH was 46 patients in 2007 [15]. Recent changes in the definition of CPH meant that 
older studies which largely focused on patients with cavitary disease were excluded. Another limitation is the predominant 
use of chest X-rays rather than CT.

A study of the radiological features of these conditions could ideally be carried out with a large database of radiological 
reports for comparison and analysis, preferably several hundred cases. Another limitation was inconsistent terminology 
used in the pertinent literature. The Fleischner Society Glossary of Terms has provided a useful means for analysis and 
comparison of features as detailed in the literature. An intrinsic problem to this disease area is co-infection, of CPA and 
aspergilloma, of cavitary pulmonary tuberculosis and CPA, and other infections such as non-tuberculous mycobacterial 
infection. In many instances, these conditions were not ruled out in assessing the radiological findings. In addition, both 
CPH and CPA tend to complicate other pulmonary conditions, so separating out the fungal disease from the underlying 
chest condition can be problematic.

5.  Conclusion

We review the radiological features of CPH, with a focus on the chronic cavitary form. Since the radiological findings of 
CPH are nonspecific, the diagnosis is often mistaken for tuberculosis. CPH presents a wide spectrum of thoracic man-
ifestations principally marked by cavitation and calcified pulmonary nodules. Lymphadenopathy is common, except in 
those with chronic cavitary disease. Co-infection with Aspergillus is probably underappreciated. This study helps to better 
characterize the radiological profile of CPH, potentially reducing diagnostic delays and missed cases.
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