
Torres PPTS et al. / Fungal infections: tomographic signs and patterns

313Radiol Bras. 2018 Set/Out;51(5):313–320

Review Article

Tomographic assessment of thoracic fungal diseases: a pattern 
and signs approach
Avaliação tomográfica das doenças fúngicas no tórax: abordagem por padrões e sinais

Pedro Paulo Teixeira e Silva Torres1, Marcelo Fouad Rabahi2, Maria Auxiliadora Carmo Moreira2, Pablo Rydz 
Pinheiro Santana3, Antônio Carlos Portugal Gomes4, Edson Marchiori5

Torres PPTS, Rabahi MF, Moreira MAC, Santana PRP, Gomes ACP, Marchiori E. Tomographic assessment of thoracic fungal diseases: a pattern and 
signs approach. Radiol Bras. 2018 Set/Out;51(5):313–320.

Abstract

Resumo

0100-3984 © Colégio Brasileiro de Radiologia e Diagnóstico por Imagem http://dx.doi.org/10.1590/0100-3984.2017.0223

Pulmonary fungal infections, which can be opportunistic or endemic, lead to considerable morbidity and mortality. Such infections 
have multiple clinical presentations and imaging patterns, overlapping with those of various other diseases, complicating the diagnos-
tic approach. Given the immensity of Brazil, knowledge of the epidemiological context of pulmonary fungal infections in the various 
regions of the country is paramount when considering their differential diagnoses. In addition, defining the patient immunological 
status will facilitate the identification of opportunistic infections, such as those occurring in patients with AIDS or febrile neutropenia. 
Histoplasmosis, coccidioidomycosis, and paracoccidioidomycosis usually affect immunocompetent patients, whereas aspergillosis, 
candidiasis, cryptococcosis, and pneumocystosis tend to affect those who are immunocompromised. Ground-glass opacities, nod-
ules, consolidations, a miliary pattern, cavitary lesions, the halo sign/reversed halo sign, and bronchiectasis are typical imaging 
patterns in the lungs and will be described individually, as will less common lesions such as pleural effusion, mediastinal lesions, 
pleural effusion, and chest wall involvement. Interpreting such tomographic patterns/signs on computed tomography scans together 
with the patient immunological status and epidemiological context can facilitate the differential diagnosis by narrowing the options.
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Pneumopatias fúngicas proporcionam considerável morbidade e mortalidade, podendo ser oportunistas ou endêmicas. De ma-
neira geral, as apresentações clínicas e padrões de imagem são múltiplos e superponíveis a várias doenças, dificultando a 
abordagem diagnóstica. Tendo em conta a amplitude do território nacional, o conhecimento da realidade epidemiológica dessas 
doenças em cada região é fundamental para a consideração delas no diagnóstico diferencial. A definição do estado imunológico 
irá, ainda, definir a possibilidade de doenças fúngicas oportunistas, por exemplo, na síndrome da imunodeficiência adquirida ou 
em situações de neutropenia febril. Em geral, histoplasmose, coccidioidomicose e paracoccidioidomicose comprometem indiví-
duos imunocompetentes, e aspergilose, candidíase, criptococose e pneumocistose comprometem indivíduos imunodeprimidos. 
Vidro fosco, nódulos, consolidações, micronódulos de disseminação miliar, lesões escavadas, sinal do halo/halo invertido e 
bronquiectasias são padrões tomográficos frequentes no acometimento pulmonar e serão abordados individualmente, além de 
apresentações menos frequentes, como lesões mediastinais, derrame pleural e acometimento da parede torácica. A interpreta-
ção desses padrões/sinais tomográficos básicos associados a dados epidemiológicos e estado imunológico do paciente pode ser 
útil, contribuindo para o estreitamento das opções diagnósticas.

Unitermos: Infecções fúngicas invasivas; Tomografia computadorizada; Diagnóstico por imagem.
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due to medical treatments (immunosuppressive therapy, 
transplantation, and the use or abuse of antibiotics), as 
well as to the rising incidence of leukemia, lymphoma, 
and AIDS, together with the improved accuracy of diag-
nostic techniques(1). In general, histoplasmosis, coccidi-
oidomycosis, and paracoccidioidomycosis affect immuno-
competent individuals, whereas aspergillosis, candidiasis, 
cryptococcosis, and pneumocystosis affect immunocom-
promised individuals. There are multiple clinical sce-
narios, with variable and overlapping imaging patterns. 

INTRODUCTION

Pulmonary fungal infections, which can be opportu-
nistic or endemic, are associated with considerable mor-
bidity and mortality. In recent decades, there has been a 
significant increase in the incidence of such infections, 
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Therefore, it is essential that attending physicians be fa-
miliar with the epidemiological status of the fungi in their 
region, the immunological status of the patient, and the 
imaging patterns of each entity(2–4).

In this study, we will describe the pulmonary fungal 
infections that are most common in Brazil, discussing the 
main tomographic patterns observed in the pulmonary 
and mediastinal compartments.

GEOGRAPHIC DISTRIBUTION OF ENDEMIC 
PULMONARY FUNGAL INFECTIONS IN BRAZIL

Data on the distribution of fungal infections in Brazil 
are scarce, and knowledge of endemic areas is based on 
reports of clinical cases and intradermal investigations, 
as are the prevalence, incidence, and morbidity data for 
some conditions(5). Endemic fungal infections with pul-
monary involvement are not on the national mandatory 
reporting list(6). It is assumed that the epidemiology of 
these infections is changing, partly due to global climate 
changes, new agricultural practices (widespread mecha-
nization and the use of fungicides), human migration, ad-
venture tourism, and other causes(7).

Paracoccidioidomycosis is considered an endemic 
disease, approximately 80% of all cases occurring in Bra-
zil, mainly in the states of São Paulo, Paraná, Rio Grande 
do Sul, Goiás, Rio de Janeiro, and Rondônia(8,9). Cases 
have also been reported in areas inhabited more recently 
and undergoing deforestation, such as in parts of the Bra-
zilian Amazon rain forest, including those in the states 
of Amazonas, Maranhão, Tocantins, Pará, Mato Grosso, 
Rondônia, Acre, and Amazonas(5,10).

The number of reported cases of coccidioidomyco-
sis is highest in the states in northeastern Brazil, and the 
last endemic area defined for this mycosis in the Ameri-
cas comprises the states of Piauí, Ceará, Maranhão, and 
Bahia(9,11,12). There have been 26 reported microepidem-
ics of histoplasmosis, in seven Brazilian states (Rio de 
Janeiro, Rio Grande do Sul, São Paulo, Minas Gerais, 
Paraíba, Amazonas, and Bahia) and the Federal District 
of Brasília, with isolation of the fungus in Rio de Janeiro, 
Rio Grande do Sul, São Paulo, Paraíba, and the Federal 
District of Brasília(13).

PULMONARY FUNGAL INFECTIONS  
IN IMMUNOCOMPROMISED INDIVIDUALS

Fungal infections are among the most serious infec-
tions in immunocompromised individuals, and pulmo-
nary involvement remains the most common documented 
form of invasive tissue infection in immunocompromised 
hosts(14). In general, some fungal infections, including 
pneumocystosis, cryptococcosis, and aspergillosis, have a 
predilection for immunocompromised individuals(3,4,15). 
Other agents implicated are fungi of the genera Mucor, 
Fusarium, Rhizopus, Petriellidium, Cryptococcus, Histo-
plasma, Coccidioides, and Candida. Although infections 

with Aspergillus sp. are still the most common fungal in-
fections among immunocompromised individuals in the 
United States and Europe, the prevalence of HIV infection 
has made infections with fungi of the genera Cryptococ-
cus and Pneumocystis the most common fungal infections 
among such individuals in other parts of the world(16).

Populations at high risk for pulmonary fungal infec-
tions include individuals with solid or hematological ma-
lignancies, those undergoing organ or bone marrow trans-
plantation, and HIV infected patients. Others who are at 
intermediate risk include patients on chronic corticoste-
roid or immunosuppressive therapy, those with chronic 
kidney disease, those with chronic obstructive pulmonary 
disease (COPD), and those with liver cirrhosis(14,16). In 
this subgroup of individuals, an aggressive etiological in-
vestigation protocol is necessary, because a diagnostic de-
lay increases mortality, and early use of computed tomog-
raphy in diagnostic protocols is recommended(14).

TOMOGRAPHIC PATTERNS OF THORACIC 
INVOLVEMENT
Ground-glass opacities

In patients with Pneumocystis jirovecii pneumonia or 
pneumocystosis, the most characteristic finding on high-
resolution computed tomography scans is that of ground-
glass opacities, reflecting intra-alveolar accumulation of 
fibrin, debris, and microorganisms. On high-resolution 
computed tomography, the aspect is that of diffuse lung 
disease, with ground-glass opacities that tend to appear 
predominantly in the upper lobes and rarely on the lung 
periphery(17). Superimposed on ground-glass opacities, 
reticular opacities can be observed, characterizing the 
crazy-paving pattern (Figure 1). In some cases, discrete, 
bilateral, uniform ground-glass opacity may be difficult to 
detect, and it can be helpful comparing the discrepancy 
between the attenuation of the pulmonary parenchyma 
and that of the bronchial air content, described as the 

Figure 1. HIV-positive patient with pneumocystosis. High-resolution comput-
ed tomography of the upper lung lobes, showing diffuse ground-glass opaci-
ties in the pulmonary parenchyma and sparse small foci of consolidation.
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“dark bronchus” sign(18). Ground-glass opacity can also be 
accompanied by cysts or consolidations, the latter being 
more common in non-HIV-infected individuals(17).

Ground-glass opacities, typically with a sparse dis-
tribution, are the most common finding in patients with 
untreated paracoccidioidomycosis(19). They reflect intra-
lobular interstitial thickening due to inflammation, with 
or without air space filling, or due to intralobular fibro-
sis(20). In the chronic manifestation of the disease or after 
treatment, the changes evolve to fibrosis, with the appear-
ance of reticular opacities characterized by thickening of 
the peribronchovascular bundle, emphysema adjacent to 
areas of parenchymal scarring, traction bronchiectasis, 
parenchymal bands, and architectural distortion(20,21).

Nodules

Nodules are common findings in pulmonary myco-
ses, including cryptococcosis, paracoccidioidomycosis, 
and coccidioidomycosis, as well as fungal infections with 
angioinvasive manifestations, such as Aspergillus sp. in-
fections, mucormycosis, and candidiasis(4,20,22,23).

Multiple nodules that are predominantly peripheral, 
especially when accompanied by a ground-glass halo, are 
typical of the angioinvasive manifestation of aspergillosis 
in patients with febrile neutropenia(23). A similar aspect 
can be observed in angioinvasive infections with other 
fungi, such as those of the order Mucorales and Candida 
sp.(23). In the evolution of the disease, the nodules prog-
ress to central necrosis and cavitation, with the appear-
ance of air within the lesions, known as the “air crescent” 
sign, morphological characteristics typically observed two 
to three weeks after the start of treatment (Figure 2), co-
inciding with the resolution of neutropenia(23–25). Mobile 
nodules within the lung cavitation are also characteristic 
of the saprophytic presentation of aspergillosis(23). Nodules 
with or without cavitation, as well as centrilobular nodu-
lar opacities, which are common patterns in untreated 

paracoccidioidomycosis, are typically seen in the periph-
eral and posterior lung fields, with a slight predominance 
in the middle lung fields(19), as shown in Figure 3.

Pulmonary nodules and masses predominate in cryp-
tococcosis, usually with peripheral distribution (Figure 
4). Although nodule cavitation can be observed in immu-
nocompetent and immunocompromised patients, it is re-
ported to be more common in the latter group(3,22).

The typical tomographic presentation of the acute 
form of coccidioidomycosis consists of irregular nodules 
of varying dimensions with a tendency toward confluence 
and cavitation, a pattern that is often seen in individuals 

Figure 2. Patient with acute lymphoid leukemia, febrile neutropenia, and 
angioinvasive fungal infection. A: Axial tomography scan of the chest show-
ing an irregular nodule with a discrete ground-glass halo (halo sign). B: After 
antifungal therapy had been started, there was cavitation of the nodule, with 
an intracavitary nodule (air crescent sign).

A B

Figure 3. Patient with untreated paracoccidioidomycosis. Axial high-resolu-
tion computed tomography scan of the chest, showing multiple sparse irregu-
lar nodules (arrows), some cavitary (arrowheads).

Figure 4. Patient with cryptococcosis. Contrast-enhanced axial tomography 
scan of the chest, with a mediastinal window setting, showing lobular periph-
eral consolidation with a central necrosis component (arrowhead).
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from semi-arid regions in northeastern Brazil(26). There 
is an association between the disease and the practice of 
armadillo hunting, and the disseminated aspect seen on 
imaging could be due to massive aspiration of fungi from 
contaminated soil during the process of extracting the 
animal from its hole(26).

It is of note that the nodular presentation of fungal 
infections can be confused with that of neoplastic dis-
eases, especially when the nodules are irregular(27).

The halo and reversed halo signs

The halo sign refers to ground-glass attenuation sur-
rounding a nodule and was first described in angioinvasive 
aspergillosis affecting immunocompromised individuals, 
histopathologically corresponding to an area of infarction 
surrounded by alveolar hemorrhage(24,28). However, the 
halo sign, in isolation, is nonspecific and can be observed 
in a variety of infectious (fungal, bacterial, viral, and par-
asitic), inflammatory, and neoplastic diseases(28). Among 
fungal infections, the sign has been observed not only in 
aspergillosis but also in mucormycosis, candidiasis, coc-
cidioidomycosis, and cryptococcosis(28).

The halo sign is of particular importance in immu-
nocompromised individuals, in whom its specificity is 
greater for the angioinvasive presentation of some fun-
gal infections, especially aspergillosis. Its occurrence is 
usually transient, being more common in the early stages 
of the disease(29). For the differential diagnosis, it should 
be noted that thickness of the ground-glass halo is often 
greater in infectious conditions(30).

The reversed halo sign refers to a focal ground-glass 
opacity surrounded by a full or partial ring of consolida-
tion(24). It can be observed in a variety of infectious and 
noninfectious diseases; among fungal infections, it is 
more common in paracoccidioidomycosis and angioinva-
sive fungal infections such as aspergillosis, zygomycosis 
and fusariosis(31,32). In an attempt to narrow the differ-
ential diagnosis of diseases presenting with the reversed 
halo sign, findings of internal reticulation, peripheral 
halo thickness > 1.0 cm and pleural effusion favor the 
diagnosis of an angioinvasive fungal infection over that 
of organizing pneumonia, within the appropriate clinical 
context of immunosuppression(33,34). A variation of the re-
versed halo, with nodular margins (Figure 5), can be seen 
in paracoccidioidomycosis, as well as in other granuloma-
tous diseases such as tuberculosis(31,33,35).

Consolidations

Airspace consolidations may be seen in various fun-
gal infections(2–4,20,22,23). After the nodular pattern, it is 
the second most common finding in cryptococcosis, with 
a predominantly peripheral distribution(22). Airspace con-
solidation can also be seen in infections with other en-
demic fungi, such as paracoccidioidomycosis (referred 
to as the pneumonic form), histoplasmosis, and acute 

coccidioidomycosis(4,26). Among immunocompromised 
individuals, angioinvasive fungal infection (aspergillosis, 
mucormycosis, or candidiasis) can lead to consolidations, 
usually with a peripheral distribution, as well as with a 
ground-glass halo caused by alveolar hemorrhage(4,23). 
Consolidations are described as part of the semi-invasive, 
airway-invasive, and bronchopulmonary allergic manifes-
tations of aspergillosis(23). Advanced stages of pneumocys-
tosis can also include consolidation, and its occurrence is 
more common in non-HIV-infected patients, in whom it 
tends to develop faster, reflecting the lung damage caused 
by the host immune response(17).

Miliary pattern

Micronodules with a random pattern of dissemina-
tion (miliary pattern) constitute a common presentation 
in various pulmonary mycoses, being described most fre-
quently in histoplasmosis (Figure 6), paracoccidioidomy-
cosis, coccidioidomycosis, and candidiasis, the last be-
ing more common in immunocompromised patients(4,20). 
The differential diagnoses of a miliary pattern include 

Figure 5. Patient with paracoccidioidomycosis. Axial tomography of the 
chest, with a lung window setting, showing numerous sparse groups of mi-
cronodules and a lesion with the reversed halo sign in the left lower lobe 
(arrow).

Figure 6. Patient with miliary histoplasmosis. Axial tomography of the chest, 
with a lung window setting, showing micronodules with a random distribution.
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miliary metastases and the hematogenous dissemination 
of tuberculosis.

Cavitations

Cavitary lesions can be observed in various fungal 
infections, such as angioinvasive disease (aspergillosis, 
mucormycosis, and candidiasis), as well as in the semi-
invasive (necrotizing) and saprophytic manifestations of 
aspergillosis, histoplasmosis, paracoccidioidomycosis, 
cryptococcosis, and coccidioidomycosis(36).

Semi-invasive (necrotizing) aspergillosis is the chron-
ic granulomatous manifestation of aspergillosis, present-
ing clinically as a productive cough, fever, and hemoptysis 
lasting for several months(4). It affects individuals with 
mild immunosuppression, such as those with COPD, al-
coholism, diabetes, or connective tissue disease(4,23,36). In 
tomography studies, there are signs of bronchopneumo-
nia and consolidations, predominantly in the upper lobes, 
which evolve to thick-walled cavitary lesions, including 
aspergillomas(4,23), as depicted in Figure 7.

Airway disease

Allergic bronchopulmonary aspergillosis is an uncom-
mon clinical manifestation of airway disease and results 
from a complex hypersensitivity reaction to Aspergillus 
sp. It especially affects individuals with asthma of long 
duration, cystic fibrosis, or Kartagener syndrome, as well 
as lung transplant recipients(4,23). Aspergillosis leads to 
increased mucus production and impaired mucociliary 
clearance, resulting in damage to the bronchial wall, mu-
coid impaction, and bronchiectasis(23). The tomographic 
findings that merit attention are central (segmental and 
subsegmental) bronchiectasis, especially in the upper 
lung fields, together with mucoid impaction (Figure 10). 
It should be noted that the mucoid impaction is hyper-
dense or contains calcifications in approximately 30% of 
the patients(23).

Cavitary lesions can be seen in acute and chronic his-
toplasmosis (Figure 8), tending to be more common in 
patients with chronic lung diseases, such as COPD, and 
individuals with immunosuppression(36). In the chronic 
cavitary form, the symptoms are similar to those of post-
primary tuberculosis, including a low-grade fever, cough, 
hemoptysis, and weight loss. Imaging studies show reticu-
lar opacities accompanied by cavitary lesions, predomi-
nantly in the upper lung fields(2).

In the saprophytic form of aspergillosis, the fungus 
grows inside cavitary lesions, especially in those caused 
by tuberculosis, sarcoidosis, or other infectious diseases. 
A nodule or mobile mass within a cavitation, as depicted 
in Figure 9, is the typical manifestation of saprophytic 
aspergillosis(23).

Figure 7. Patient with a history of acute lymphoid leukemia and chronic 
necrotizing aspergillosis. Axial high-resolution computed tomography of the 
chest, showing chronic consolidations in the left lung lobes, accompanied by 
bronchiectasis, with a prominent, filled cavitary lesion in the left lower lobe 
(arrow).

Figure 8. Patient with histoplasmosis. Axial high-resolution computed to-
mography of the chest, showing centrilobular opacities and bilateral sparse 
foci of consolidation, in addition to a cavitary lesion in the right lower lobe. 
Small pneumothorax on the left.

Figure 9. Patient with saprophytic fungal infection. Axial tomography of the 
chest, with a lung window setting, showing a cavitary lesion in the middle 
lobe, with a mobile nodule in the interior (aerial crescent), a characteristic 
aspect of saprophytic aspergillosis (white arrow). As an additional finding, 
bronchiectasis in the same wolf (leaked arrow).



Torres PPTS et al. / Fungal infections: tomographic signs and patterns

318 Radiol Bras. 2018 Set/Out;51(5):313–320

Aspergillosis can manifest as invasive airway disease, 
especially in immunocompromised individuals with neu-
tropenia and those with AIDS. The disease spectrum 
extends from the large airways (trachea) to the small 
airways. Involvement of the small airways can occur in 
the form of bronchiolitis, with centrilobular nodules, 
“tree-in-bud” nodules, and peribronchovascular consol-
idations, or in the form of bronchopneumonia (Figure 
11), a pattern similar to that of bronchopneumonia in 
general(23). Although rare, aspergillosis involvement of 

the trachea and bronchi (invasive tracheobronchial as-
pergillosis) can occur in immunocompromised individu-
als, leading to ulcers or extensive/pseudomembranous 
necrosis on the mucosal surface(37).

Mediastinal involvement

Fibrosing mediastinitis is related to the host immune 
response, which results in proliferation of dense fibrous 
tissue in the mediastinum(35), although the cause of the 
immune response is undefined in some cases. It can be 
idiopathic, secondary to infiltrative neoplastic diseases or 
infectious diseases, including tuberculosis, aspergillosis, 
mucormycosis, cryptococcosis, and especially histoplas-
mosis, the last being a leading cause of the disease, espe-
cially in endemic areas(38). It usually affects younger indi-
viduals, leading to varied clinical findings, mainly related 
to compression of vital mediastinal structures. Tomogra-
phy shows a solid infiltrative lesion, with soft-tissue den-
sity and variable enhancement (Figure 12), typically in 
the middle mediastinum, with or without calcifications.

Imaging plays an important role in depicting and 
quantifying the involvement of vital, cardiovascular, or 
airway structures. In the pulmonary compartment, there 
can be secondary repercussions, such as infarcts or thick-
ening of the interlobular septa, due to obliteration of arte-
rial or venous branches, respectively(38).

Mediastinal lymph node involvement is seen in some 
mycoses, especially histoplasmosis, cryptococcosis, coc-
cidioidomycosis, and, less commonly, paracoccidioido-
mycosis(2–4,20,39). Disseminated lymph node enlargement 
has been described in cryptococcosis and histoplasmosis, 

Figure 10. Patient with asthma and allergic bronchopulmonary aspergillosis. 
Axial tomography of the chest, with a lung window setting, showing predomi-
nantly central varicose bronchiectasis accompanied by bronchial parietal 
thickening (arrows).

Figure 11. Patient with acute myeloid leukemia and invasive pulmonary as-
pergillosis. Axial chest tomography with maximum intensity projection recon-
struction showing centrilobular opacities grouped in a tree-in-bud arrange-
ment (arrow).

Figure 12. Patient with fibrosing mediastinitis. Contrast-enhanced coronal 
tomography of the chest, with a mediastinal window setting and maximum 
intensity projection reconstruction, showing a right-sided subcarinal, hilar in-
filtrative lesion (arrow), obliterating the pulmonary artery of that side, with an 
extensive network of collaterals.
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especially in immunocompromised individuals. In some 
cases, necrotic lymph nodes are observed(4,33).

Pleural effusion

Pleural effusion is uncommon in individuals with 
pulmonary fungal infections(4,40). Among such infections, 
the frequency of pleural effusion is slightly higher in mu-
cormycosis(4).

Chest wall involvement

Thoracic wall involvement can be observed as an 
extension of the pulmonary infection occurring in asper-
gillosis, manifesting as lytic lesions in costal arches and 
vertebrae, being best characterized in tomography and 
magnetic resonance imaging studies(41). Involvement of 
the chest wall, in the form of costochondritis, has been 
reported in intravenous drug users(42).

CONCLUSION

Several imaging patterns may be observed in pulmo-
nary fungal infections, such patterns often being nonspe-
cific and having the potential to overlap among the vari-
ous agents, leading to numerous differential diagnoses, 
including infectious and noninfectious causes. With the 
objective of systematizing the approach to these diseases, 
we have reviewed some patterns, including the basic pat-
terns in the pulmonary parenchyma and in extrapulmo-
nary involvement.

Given the multiplicity of presentations of such dis-
eases, there is a need for attending physicians to be famil-
iar with the manifestations. For the correct diagnosis and 
management of these diseases, it is also necessary that 
the multidisciplinary team follow patients closely.

REFERENCES

  1.  Xavier MO, Oliveira FM, Severo LC. Capítulo 1 – Diagnóstico labo-
ratorial das micoses pulmonares. J Bras Pneumol. 2009;35:907–19.

  2.  McAdams HP, Rosado-de-Christenson ML, Lesar M, et al. Thoracic 
mycoses from endemic fungi: radiologic-pathologic correlation. Ra-
diographics. 1995;15:255–70.

  3.  McAdams HP, Rosado-de-Christenson ML, Templeton PA, et al. 
Thoracic mycoses from opportunistic fungi: radiologic-pathologic 
correlation. Radiographics. 1995;15:271–86.

  4.  Chong S, Lee KS, Yi CA, et al. Pulmonary fungal infection: imaging 
findings in immunocompetent and immunocompromised patients. 
Eur J Radiol. 2006;59:371–83.

  5.  Brasil. Ministério da Saúde. Secretaria de Vigilância em Saúde. Pro-
posta de vigilância epidemiológica da paracoccidioidomicose. Cited 
2017 Aug 18. Available from: http://www.sgc.goias.gov.br/upload/
arquivos/2012-05/proposta_ve-pbmicose.pdf.

  6.  Brasil. Ministério da Saúde. Portaria nº 204, de 17 de fevereiro de 
2016. Define a Lista Nacional de Notificação Compulsória de doen-
ças, agravos e eventos de saúde pública nos serviços de saúde públi-
cos e privados em todo o território nacional, nos termos do anexo, 
e dá outras providências. Cited 2017 Aug 18. Available from: http://
bvsms.saude.gov.br/bvs/saudelegis/gm/2016/prt0204_17_02_2016.
html.

  7.  Queiroz-Telles F, Fahal AH, Falci DR, et al. Neglected endemic my-
coses. Lancet Infect Dis. 2017;17:e367–e377.

  8.  Shikanai-Yasuda MA, Mendes RP, Colombo AL, et al. Brazilian 
guidelines for the clinical management of paracoccidioidomycosis. 
Rev Soc Bras Med Trop. 2017;50:715–40.

  9.  Colombo AL, Tobón A, Restrepo A, et al. Epidemiology of endemic 
systemic fungal infections in Latin America. Med Mycol. 2011;49: 
785–98.

10.  Wanke B, Aidê MA. Capítulo 6 – Paracoccidioidomicose. J Bras 
Pneumol. 2009;35:1245–9.

11.  Deus Filho A. Capítulo 2 – Coccidioidomicose. J Bras Pneumol. 
2009;35:920–30.

12.  Brasil. Ministério da Saúde. Secretaria de Vigilância em Saúde. Doen-
ças infecciosas e parasitárias – guia de bolso. 8ª ed. Brasília, DF: Minis-
tério da Saúde; 2010.

13.  Oliveira FM, Unis G, Severo LC. Microepidemia de histoplasmose 
em Blumenau, Santa Catarina. J Bras Pneumol. 2006;32:375–8.

14.  Silva RF. Capítulo 8 – Infecções fúngicas em imunocomprometi-
dos. J Bras Pneumol. 2010;36:142–7.

15.  Roden AC, Schuetz AN. Histopathology of fungal diseases of the 
lung. Semin Diagn Pathol. 2017;34:530–49.

16.  Batzlaff CM, Limper AH. When to consider the possibility of a fun-
gal infection: an overview of clinical diagnosis and laboratory ap-
proaches. Clin Chest Med. 2017;38:385–91.

17.  Kanne JP, Yandow DR, Meyer CA. Pneumocystis jiroveci pneumo-
nia: high-resolution CT findings in patients with and without HIV 
infection. AJR Am J Roentgenol. 2012;198:W555–61.

18.  Yadav P, Seith A, Sood R. The ‘dark bronchus’ sign: HRCT diagno-
sis of Pneumocystis carinii pneumonia. Ann Thorac Med. 2007;2: 
26–7.

19.  Souza AS Jr, Gasparetto EL, Davaus T, et al. High-resolution CT 
findings of 77 patients with untreated pulmonary paracoccidioido-
mycosis. AJR Am J Roentgenol. 2006;187:1248–52.

20.  Barreto MM, Marchiori E, Amorim VB, et al. Thoracic paracoccidi-
oidomycosis: radiographic and CT findings. Radiographics. 2012;32: 
71–84.

21.  Funari M, Kavakama J, Shikanai-Yasuda MA, et al. Chronic pul-
monary paracoccidioidomycosis (South American blastomycosis): 
high-resolution CT findings in 41 patients. AJR Am J Roentgenol. 
1999;173:59–64.

22.  Chang WC, Tzao C, Hsu HH, et al. Pulmonary cryptococcosis: com-
parison of clinical and radiographic characteristics in immunocom-
petent and immunocompromised patients. Chest. 2006;129:333–
40.

23.  Franquet T, Müller NL, Giménez A, et al. Spectrum of pulmonary 
aspergillosis: histologic, clinical, and radiologic findings. Radio-
graphics. 2001;21:825–37.

24.  Silva CIS, Marchiori E, Souza Jr AS, et al. Consenso brasileiro ilus-
trado sobre a terminologia dos descritores e padrões fundamentais 
da TC de tórax. J Bras Pneumol. 2010;36:99–123.

25.  Walker CM, Abbott GF, Greene RE, et al. Imaging pulmonary infec-
tion: classic signs and patterns. AJR Am J Roentgenol. 2014;202: 
479–92.

26.  Capone D, Marchiori E, Wanke E, et al. Acute pulmonary coc-
cidioidomycosis: CT findings from 15 patients. Br J Radiol. 2008; 
81:721–4.

27.  Guimaraes MD, Marchiori E, Godoy MCB. Fungal infection mim-
icking lung cancer: a potential cause of misdiagnosis. AJR Am J 
Roentgenol. 2013;201:W364.

28.  Lee YR, Choi YW, Lee KJ, et al. CT halo sign: the spectrum of pul-
monary diseases. Br J Radiol. 2005;78:862–5.

29.  Georgiadou SP, Sipsas NV, Marom EM, et al. The diagnostic value 
of halo and reversed halo signs for invasive mold infections in com-
promised hosts. Clin Infect Dis. 2011;52:1144–55.

30.  Alves GRT, Marchiori E, Irion K, et al. Sinal do halo: achados de 
TCAR em 85 pacientes. J Bras Pneumol. 2016;42:435–9.

31.  Marchiori E, Zanetti G, Escuissato DL, et al. Reversed halo sign: 



Torres PPTS et al. / Fungal infections: tomographic signs and patterns

320 Radiol Bras. 2018 Set/Out;51(5):313–320

This is an open-access article distributed under the terms of the Creative Commons Attribution License.

high-resolution CT scan findings in 79 patients. Chest. 2012;141: 
1260–6.

32.  Marchiori E, Zanetti G, Hochhegger B, et al. Reversed halo sign 
on computed tomography: state-of-the-art review. Lung. 2012;190: 
389–94.

33.  Marchiori E, Marom EM, Zanetti G, et al. Reversed halo sign in in-
vasive fungal infections: criteria for differentiation from organizing 
pneumonia. Chest. 2012;142:1469–73.

34.  Marchiori E, Zanetti G, Hochhegger B. Sinal do halo invertido. J 
Bras Pneumol. 2015;41:564.

35.  Marchiori E, Zanetti G, Irion KL, et al. Reversed halo sign in active 
pulmonary tuberculosis: criteria for differentiation from cryptogenic 
organizing pneumonia. AJR Am J Roentgenol. 2011;197:1324–7.

36.  Gadkowski LB, Stout JE. Cavitary pulmonary disease. Clin Micro-
biol Rev. 2008;21:305–33.

37.  Krenke R, Grabczak EM. Tracheobronchial manifestations of As-
pergillus infections. ScientificWorldJournal. 2011;11:2310–29.

38.  Rossi SE, McAdams HP, Rosado-de-Christenson ML, et al. Fibros-
ing mediastinitis. Radiographics. 2001;21:737–57.

39.  Suwatanapongched T, Gierada DS. CT of thoracic lymph nodes. 
Part II: disease and pitfalls. Br J Radiol. 2006;79:999–1000.

40.  Limper AH. The changing spectrum of fungal infections in pulmo-
nary and critical care practice: clinical approach to diagnosis. Proc 
Am Thorac Soc. 2010;7:163–8.

41.  Jeung MY, Gangi A, Gasser B, et al. Imaging of chest wall disorders. 
Radiographics. 1999;19:617–37.

42.  Crawford SJ, Swan CD, Boutlis CS, et al. Candida costochondritis 
associated with recent intravenous drug use. IDCases. 2016;4:59–
61.


