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Abstract

Pulmonary cryptococcosis is an important opportunistic invasive mycosis in immunocompromised patients,
but it is also increasingly seen in immunocompetent patients. The main human pathogens are Cryptococcus
neoformans and C. gattii, which have a worldwide distribution. In contrast to cryptococcal meningitis,
pulmonary cryptococcosis is still underdiagnosed because of limitations in diagnostic tools. It can mimic
lung cancer, pulmonary tuberculosis, bacterial pneumonia, and other pulmonary mycoses both clinically
and radiologically. Pulmonary nodules are the most common radiological feature, but these are not specific
to pulmonary cryptococcosis. The sensitivity of culture of respiratory samples for Cryptococcus is poor
and a positive result may also reflect colonisation. Cryptococcal antigen (CrAg) with lateral flow device is
a fast and sensitive test and widely used on serum and cerebrospinal fluid, but sera from patients with
pulmonary cryptococcosis are rarely positive in the absence of disseminated disease. Detection of CrAg
from respiratory specimens might assist the diagnosis of pulmonary cryptococcosis but there are very few
data. Molecular detection techniques such as multiplex reverse transcription polymerase chain reaction
(RT-PCR) could also provide better sensitivity but these still require validation for respiratory specimens.
The first line of treatment for pulmonary cryptococcosis is fluconazole, or amphotericin B and flucytosine
for those with central nervous system involvement. Pulmonary cryptococcosis worsens the prognosis of
cryptococcal meningitis. In this review, we summarize the biological aspects of Cryptococcus and provide
an update on the diagnosis and management of pulmonary cryptococcosis.
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Introduction

Pulmonary cryptococcosis is commonly seen in immunocom-
promised patients and it has become an emerging disease in
immunocompetent patients.'~” A study from Uganda reported
that 11% of hospitalized patients with human immunodeficiency
virus (HIV) infection had pulmonary cryptococcosis as a sec-
ondary infection.® Recent research from Thailand noted that

13% of HIV patients with pneumonia had cryptococcal antigen
present in their serum, although a third of this population did not
have cryptococcal meningitis or a history of it.” Most likely the
respiratory infections in these patients was cryptococcal. A ret-
rospective review from China revealed that 60% of pulmonary
cryptococcosis cases were diagnosed in immunocompetent non-

HIV patients.'? Pulmonary cryptococcosis may also disseminate
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Table 1. Classification and distribution of Cryptococcus spp.*

Subgroup Most common Distribution
Species Varieties Serotypes by MLST niches (more prevalent regions)
C. neoformans var. grubii A VNI Pigeons, other birds, trees, soil Global
var. grubii A VNII Unknown Global (Australia, Africa, North
America)
var. grubii A VNB Trees (mopane) Southern Africa (Botswana, South
Africa)
var. neoformans D VNIV Pigeons, soil, other birds Global (Europe)
Hybrids AD hybrid VNIII Pigeons, soil, other birds Global (Europe)
C. gattii - BorC VGI Trees (eucalypt) Global (Australia)
- BorC VGII Trees (eucalypt) North America (Canada, United
States), South America (Columbia)
- BorC VGIII Trees (almond) South America
- BorC VGIV Trees North America

*Adapted from Mitchell et al.?! and Chang et al.??

and lead to fatal complications.!'~13 A previous study reported
that 67% of pulmonary cryptococcosis in immunocompetent
patients disseminated into the central nervous system causing
cryptococcal meningitis.!! Patients with pulmonary cryptococ-
cosis concomitantly with cryptococcal meningitis showed inad-
equate treatment response and poor clinical outcome compare
to cryptococcal meningitis alone.'® The spectrum of fungal dis-
eases seen in critically ill patients and immunocompetent patients
is broadening and the role of pulmonary cryptococcosis may be
increasingly important.!>~18 We elected to review this topic, with
a focus on pulmonary cryptococcosis.

Methods

A literature search of all published articles in the English lan-
guage within the last 50 years (1968-2018) was conducted us-
ing the PubMed database. Key search terms included ‘pulmonary
cryptococcosis’, ‘cryptococcal pneumonia’, ‘cryptococcal infec-
tion of lungs’, ‘Cryptococcus neoformans’, and ‘Cryptococcus
gattii’. Additional references were obtained by a thorough man-
ual scanning of the bibliographies listed in the selected articles.
All relevant articles (z = 275) have been included into this
review.

Cryptococcus

Cryptococcus is a genus of encapsulated yeasts belonging to
the Basidiomycota phylum and is widely distributed around the
world."”=?2 The most common environmental niches of Cryp-
tococcus are lignaceous environments such as hollows in trees,

2325 In addition, Cryptococcus

flowering plants, and bird feces.
has been found in arctic climates and under conditions of ex-
tremes of pH (Table 1).21:22:26-2° Some Cryptococcus species
are pathogenic to humans and some animals and typically cause
meningitis and infections in the airways. The portal of entry is

normally in the respiratory tract.’® Cryptococcus infections have

been reported in a broad range of animals, including cats, dogs,
horses, birds, and koala bears.3' Cryptococcal rhinosinusitis in
dogs and cats, lower respiratory tract cryptococcosis in koala,
and cryptococcal mastitis in cattle are examples of cryptococco-
sis in animals. In contrast, many birds are carriers of Crypto-
coccus and contribute to its spread but rarely become infected
themselves,2!-32,33

The genus Cryptococcus consists of more than 70 species
that exhibit significant biodiversity between them.3#~3¢ The two
main pathogenic cryptococcal species for humans and animals
are C. neoformans and C. gattii that belong to the C. neofor-
mans species complex.’” Non- C. neoformans species, such as
C. laurentii, C. uniguttulatus, and C. albidus may cause infec-
tions.>® Other Cryptococcus spp. are less pathogenic probably
because of a weaker capsular structure although can be fatal in
humans as observed in C. liquefaciens.’*~** C. neoformans is
commonly found in pigeon droppings, whereas C. gattii is more
likely to be found in vegetation, such as eucalyptus trees.?!>23
Predisposing factors that support the survival and the growth of
C. neoformans in pigeon droppings are an acidic pH, a high con-
centration of uric acid and glucose, the ability of C. neoformans
to survive against desiccation, and minimal competition with
bacterial species compared to other animal excreta.*3=*5 The
worldwide migration of many bird species supports the ubiqui-
tous spread of C. neoformans whereas C. gattii is confined to
endemic pockets,2!-46

Serotype grouping is based on capsular polysaccharide ag-
glutination patterns, and the two main species of Cryptococcus
(C. neoformans and C. gattii) have been serotyped as A, B, C,
and D.3*>*” Each serotype or their combination represents a spe-
cific variety within C. neoformans species (Table. 1).2%:35:48:49
Common varieties of C. neoformans are grubii (serotype A) and
neoformans (serotype D). In contrast, C. gattii serotypes are not
classified into varieties and they all belong to serotypes B or

C.#8:30,51 One shortfall of the serotype classification system is
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antigenic evolution.’> For example, the CBS 132T type strain of
C. neoformans was initially identified as serotype D but more
recently has been found as an AD hybrid.>* C. neoformans var.
grubii is estimated to be the pathogen in 90% of cryptococco-
sis cases worldwide and causes more severe infection than other

species.36-34-56

Genetic diversity of Cryptococcus

Molecular genotyping methods have revealed a wide genetic di-
versity of Cryptococcus.’” There are wide genotype and pheno-
type divergences between C. neoformans and C. gattii.’> The
main methods used have been DNA and polymerase chain reac-
tion (PCR) fingerprinting, multi-locus sequence typing (MLST),
amplified fragment length polymorphism (AFLP) analysis, and
multigene and intergenic spacer (IGS) sequences of the ribo-
somal DNA analysis.’®~% Interlaboratory reproducibility using
PCR fingerprinting and AFLP analysis is poor. MLST types have
been shown to associate more closely with the virulence and pat-
terns of infection than serotyping in both immunocompetent and
immunocompromised hosts.®3%¢ Therefore, the Cryptococcal
Working Group 1 (genotyping of C. neoformans and C. gattii)
of the International Society for Human and Animal Mycology
(ISHAM) has recommended MLST as the primary method for
cryptococcal strain typing.’” This working group also promotes
the use of VNI-VNIV and VGI-VGIV nomenclature for Crypto-
coccus isolates®”:¢” (Table 1).

linked to
physiological differences including serotypes, the profile of

Genetic variations are biochemical and
matrix-assisted laser desorption ionisation-time of flight mass
spectrometry (MALDI-TOF MS), pathophysiology, and clinical
manifestations.’”%%-7! Using phylogenetic analysis on IGSI,
IGSII, and IGSI + 5S ribosomal ribonucleic acid (rRNA) +
IGSII regions of Cryptococcus found at least six genotypes of
Cryptococcus, each of them with various subgroups.’® In recent
years, there has been increasing interest in proposing C. neofor-
mans var. neoformans (serotype D) as a different species from
C. neoformans var. grubii (serotype A).3%33 Similarly, another
suggestion is to divide C. gattii into five different species because
of their apparent differences of phylogenetic analysis and popu-
lation structure.>® In contrast, some scientists prefer to apply “C.
neoformans species complex and “C. gattii species complex,” as
commonly used for other fungi and mycobacteria.”> However,
no consensus has yet been reached on nomenclature.

Global epidemiology of Cryptococcus

C. neoformans and C. gattii have a worldwide distribution with
their specific areas for different serotypes®? (Table 1). In the
ARTEMIS DISK global antifungal surveillance project (1999-
2007) C. neoformans was the most common yeast isolated after
Candida.”®7* Of the clinical non-Candida yeast isolates, 31%

were identified as C. neoformans, and 1% as C. gattii.”3> How-
ever, C. gattii is an emerging pathogen responsible, for example,
for an ongoing epidemic in North America and Vancouver Is-
land in immunocompetent patients.”*”® There is also evidence
of its spread outside the original endemic area.”’~”® A recent epi-
demiological study covering Asia, Africa, America, Europe, and
Oceania and analyses of 68,811 isolates of C. neoformans and
C. gattii revealed that C. neoformans var. grubii molecular type
VN1 is the most common type except in Oceania.$*-83 There
(Australia, New Zealand, Papua New Guinea, and Hawaii), C.
gattii type VG1 was the most common types representing 39%
of the total isolates, consistent with the endemicity of C. gat-
ti.3% These conclusions were based on a combination of clinical
and environmental isolates, with a dominance of clinical isolates
(83%). Another study showed similarly that C. neoformans var.
grubii serotype A represents 81% of all Cryptococcus isolated
from all over the world.%*

Different levels of genetic diversity have been reported in dif-
ferent countries in Asia.?®%5 Those of Southeast Asia (Indonesia,
India, and Thailand) appear to have more cryptococcal polymor-
phisms than those of East Asia (China, Hong Kong, Japan). A
rare type (ST93) has been reported to be predominant in Indone-

sian and Indian isolates.®®8°

Pathogenesis of pulmonary cryptococcosis

Cryptococcus and the host response

The most common means of Cryptococcus causing infection
in humans is via inhalation.?¢=%% Spores and small desiccated
yeast cells (approximately 1-5 um in diameter) of Cryptococcus
may reach the lower airways and pulmonary alveoli.?’ Respi-
ratory defences such as mucociliary transport, airflow turbu-
lence, physical epithelial mucosal barrier, and mucus trapping
do not prevent these small infectious propagules reaching the
distal lung.?-*2

Both innate and adaptive immune systems are involved in host

19,93 Innate immune re-

response against Cryptococcus infection.
sponses including lung surfactant, complement, dendritic cells
(DCs), eosinophils, and alveolar macrophages (AMs) are acti-
vated in the initial step of Cryptococcus infection.”® DCs, AMs,
and eosinophils have a role as phagocytic cells against Crypto-

93-95

coccus. Lung surfactant contains SP-D protein that likely

binds with Cryptococcus and attracts eosinophils.”®

In alveolar spaces, AMs phagocytose Cryptococcus.’”*% A
granulomatous immune response may follow with the formation
of a subpleural nodule or primary lymph node complex.??>100
Murine models support this sequence of events, as C. neofor-
mans infection results in hilar lymph node infection.'’ Pul-
monary nodules are a common manifestation on radiologic ex-
amination.'%2
Finally, DCs also stimulate T lymphocytes (T cells) as the

key adaptive immune response. CD4+ T cells have a central
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role in the defence against cryptococcal infection. CD4+, CD8+
and natural killer (NK) cells act as fungistatic agents against

103

Cryptococcus.'’” The release of granulysin by cytotoxic CD4+

and CD8+ cells and perforin by NK cells probably has a role in
the effective killing of Cryptococcus.’”>104
In a mouse model, allergic response and airway reactivity

105 C. neo-

were observed related to pulmonary cryptococcosis.
formans specific serum immunoglobulin G (IgG) titers are in-
creased in the serum of some asthma patients in urban areas
of Germany, a provocative finding implicating C. neoformans
in asthma.'® However, whether pulmonary cryptococcosis is
related to either the pathogenesis or exacerbation of asthma is
unknown and requires further study.

The fate of Cryptococcus within macrophages is determined

107 Cryptococcus cells may be de-

by the host immune status.
stroyed, resulting in the elimination of infection in most im-
munocompetent people. Alternatively, Cryptococcus may persist
in granuloma as sequestrations and establish latent infection in
those with alterated immune status or in the presence of specific

108 Tn addition, Cryptococcus may colonise the res-

risk factors.
piratory tract without any symptoms, indicative of incomplete
elimination by macrophages.3? Significantly reduced immunity,
especially the CD4 T-helper system, allows Cryptococcus to es-

cape from the lung and disseminate.!%?3,109

Virulence factors of Cryptococcus
C. neoformans and C. gattii share many virulence factors that
allow infection in the human.3? These virulence factors include
polysaccharide capsule, melanin pigments in the cell walls, ability
to grow at 37°C, and extracellular enzymes.!'%=113 The polysac-
charide capsule may disturb T-cell responses in the lung resulting
in reduced macrophage functions.!'*!15 Oxidative killing of the
immune cells against Cryptococcus is diminished by melanin
with the redox buffer mechanism.''!>11¢ The survival of Crypto-
coccus at body temperature is critically supported by superoxide
dismutase (SOD2), as the null mutant of this gene is both aviru-
lent and loses the ability to grow at 37°C.1'2:117 One substantial
difference between C. neoformans and C. gattii is the diminished
ability of C. gattii to grow inside macrophages.!'®

During pulmonary cryptococcosis caused by C. neoformans,
cryptococcal titan cells (giant cells) probably play a significant
role in host immune evasion.’® Titan cells are C. neoformans
cells with an extreme increase in size (25-30 pum in diameter)
that leverage the virulence of C. neoformans mostly during ini-
tial pulmonary infection.'’®=12! Mouse models of pulmonary
cryptococcosis have shown cryptococcal titan cells can be seen
in lung parenchyma after three weeks of infection.!?? Titan cells
are not killed by phagocytic activity and exhibit higher resistance
to oxidative stress, resulting in a decreased rate of phagocyto-
sis, with reduced pulmonary clearance and possibly dissemina-
tion.!1%-122,123 Titan cells are a potential novel target cell for ther-
apy of pulmonary cryptococcosis.!?! The published literature is

silent on whether titan cells are involved in the pathogenesis of
C. gatti infection.

Laccase is one of the enzymes contained in the extracellu-
lar vesicles of both C. neoformans and C. gattii and associated
with virulence.!'3:124 Laccase reduces macrophage activity in the
lung and produces melanin pigments, prostaglandin E2 and iron
oxidation products.'?’=127 These laccase products alter host de-
fences with a decrease in the pulmonary virulence of Cryptococ-
cus as observed in a murine study.'*® Cryptococcal laccase leads
to a significant decrease in lymphocytes and increase pulmonary
eosinophils disturbing the proper adaptive immune response in
infected lungs.!%°

Risk factors for pulmonary cryptococcosis

Most patients with pulmonary cryptococcosis (>50%) have
no risk factor or immune disorder.*¢-129-134 Additionally, ap-
proximately 60% of pulmonary cryptococcosis cases in the
HIV-negative population have no underlying disease.'%-13%:13¢ A
report from Thailand of cases collected over 17 years found pul-
monary cryptococcosis occurs more frequently in nonimmuno-
compromised patients than in immunocompromised patients.'3”
There were also several reports of co-infection between pul-
monary cryptococcosis and tuberculosis in the immunocompe-
tent host, suggestive of some shared, ill-defined risk factor,'38-14

However, some patients with pulmonary cryptococcosis have
a defect in their immune system.?>*’ Hu and colleagues found the
genetic polymorphism in Dectin-2 to be more frequent in those
with pulmonary cryptococcosis in an HIV-negative population
in China.'*® Immunocompromised conditions such as HIV infec-
tion, organ transplantation, diabetes mellitus, corticosteroid or
immunosuppressive therapy, and malignancy are all conditions

linked with pulmonary cryptococcosis.??>147-149

HIV infection

A remarkable histopathology autopsy study of 8421 miners who
died revealed the incidence of pulmonary cryptococcosis to be
7%, whereas the antemortem incidence was only 2.7%: the esti-
mated HIV-prevalence was 24%."'%® Most of the missed cases
were misdiagnosed as pulmonary tuberculosis. Cryptococcus
was detected from induced sputum in 2.7% pneumonia patients
(81% HIV-infected) in Botswana.'>! A study by Park based on
global data from United Nations Program on HIV/acquired im-
munodeficiency disease syndrome (AIDS) 2007 estimated 55%
of cryptococcal meningitis patients also have pulmonary crypto-
coccosis.'3? These studies provide evidence that pulmonary cryp-
tococcosis in HIV patients is underdiagnosed.'>"-133-15% There
was no significant difference in 90-day and 1-year mortality
among HIV patients, organ transplant patients and non-HIV
non-organ transplant (NHNT) patients in a cohort study of
cryptococcal disease.'*® Pulmonary cryptococcosis was also di-
agnosed along with other fungal pneumonia such as pulmonary
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aspergillosis and Preumocystis jirovecii (carinii) lung infections
in HIV-positive patients; mixed infection might occur in certain

cases.]55

Organ transplantation

Cryptococcosis is the third most common invasive fungal in-
fection in solid organ transplant (SOT) patients according to
data from the US Transplant-Associated Infection Surveillance
Network (TRANSNET), among 23 transplantation centres.'>®
In renal transplant patients, cryptococcosis is the second most
common form of invasive fungal infection with 30-day mortality
rate of 19.2%.156-157 A study from 111 SOT recipients with cryp-
tococcosis, pulmonary cryptococcosis occurred in 54% patients
while disseminated cryptococcosis appeared in 61% patients.! 8
A large retrospective cohort study of solid organ transplant pa-
tients found 46 % of 158 cryptococcosis cases to have lungs as the
main site of infection; the 90-day mortality rate in SOT patients
was 14%."5% Another study reported that pulmonary cryptococ-
cosis was more likely to occur in SOT recipients from the most
recent cohort (2001-2008) than in the previous decades (1960-
2000).1%9 This study also found nine cryptococcal infections as-
sociated with haematological stem cell transplant patients.

Corticosteroid or immunosuppressive therapy

Long-term corticosteroid or immunosuppressive therapy is a risk
factor for developing pulmonary cryptococcosis.!?>13%:136 In a
35-year retrospective study of pulmonary cryptococcosis in HIV-
negative patients, 21% of 151 patients were on corticosteroid
therapy.!3’ Severe pulmonary sequelae due to pulmonary cryp-
tococcosis were seen after long-term use of corticosteroid.!¢1-162
Symptomatic pulmonary cryptococcosis was associated with a
higher dose of prednisone than those present with asymptomatic

pulmonary cryptococcosis in SOT patients.!

Malignancies

A recent literature survey found pulmonary cryptococcosis in
26% and 48% in patients with C. neoformans infection as-
sociated either with underlying disease haematological malig-
nancy or solid organ tumours, respectively.'®> The most common
haematological malignancy linked to cryptococcal infection was
lymphoma. The case series of cryptococcosis in haematologi-
cal malignancies revealed the lungs as the infection site in most
of the patients.’®* The management of lymphoma with T-cell
depleting agents and cancer-related immune alteration are prob-
ably responsible. Other reports of HIV-negative patients showed
7.3% and 10.2% of this group had malignancies as risk factors

for developing pulmonary cryptococcosis. %133

Diabetes mellitus

Severe diabetes mellitus with organ damage appeared as a major
risk factor (31.7%) for pulmonary cryptococcosis among HIV-
negative patients.!3¢:165 Another confirmatory study from Japan

confirmed diabetes mellitus as a common underlying disease in
the same population, with 32.1% affected among all the crypto-
coccosis cases.'3’ A large study in a diabetes mellitus population
with cryptococcosis in China revealed that 12 of 16 (75%) were
pulmonary cases.'®® Diabetes was a proven risk factor in a case-
control study of cryptococcosis in HIV-negative patients.'®” The
mortality rate was higher in cryptococcosis patients with diabetes
compare to matched controls.'®” Other immunological disorders
that coexist with diabetes mellitus increases the vulnerability of
patients to Cryptococcus.'8:16°

Cirrhosis

Cirrhosis was reported as a risk factor for cryptococcosis with
proportion of pulmonary cryptococcosis in the study population
ranged between 18 and 37.5%.'79-172 The 90-days mortality
is high at 57.1% with 54.6% of the death is associated with
cryptoccosis.!”! Although there are case reports of pulmonary
cryptococcosis with cirrhosis the correlation between these two

diseases is still unknown.'61:173,174

Clinical manifestation of pulmonary cryptococcosis

The central nervous system (CNS) and the lung are the two or-
gans that comprise the main sites of Cryptococcus infection.3*
However, skin, soft tissue, joint, bone, kidney, muscle, liver, kid-
ney, and other organs may also be infected by this fungus.!”3~178
Among non-HIV patients, pulmonary cryptococcosis is the most
common non-CNS location.'”?

Pulmonary cryptococcosis usually presents with nonspecific
symptoms such as cough, dyspnea, chest pain and fever both

in adults and children 6,13,22,49,135,149,180-185

However, it may
be totally asymptomatic or may present with respiratory fail-
ure?%#%,182,186,187 (Taple 2). The nonspecific symptoms of this
disease are likely to cause delays in diagnosis and proper treat-
ment resulting in further dissemination of Cryptococcus infec-
tion.166-182,188 Physical examination may reveal reduced breath
sounds, crackles, and/or dullness to percussion indicated pleu-
ral effusion.'®® Cryptococcus infection leads to differing clinical
manifestations in immunocompromised and immunocompetent
people.'8? Approximately half of immunocompetent patients
with pulmonary cryptococcosis are asymptomatic, the infec-
tion incidentally detected during a routine chest X-ray (CXR) or

133,135,149

follow-up of other diseases. In contrast, it is very rare

that immunocompromised patients experience asymptomatic

182 apart from the rare asymptomatic

pulmonary cryptococcosis,
solitary pulmonary nodules in HIV patients.'”® Acute respira-
tory failure was the presentation in 33% of pulmonary crypto-
coccosis cases reported without HIV, most of whom had a solid
organ transplant as their underlying condition.'®® In all proba-
bility many other factors affect the clinical appearance of pul-

monary cryptococcosis such as geography, virulence of different
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Table 2. Clinical manifestations of pulmonary cryptococcosis.

Cryptococcus neoformans

Cryptococcus gattii

Symptoms Immunocompromised Immunocompetent All subjects References
Asymptomatic - 24-54%, 349, 6,135,149,182,183
Fever 66% 15-63% 42% 6,135,180,183,184,275
Cough 58-66% 17-62% 56% 6,180,183,184,275
Dyspnea 33-50% 22-48% 51% 6,135,183,184,275
Chest pain 25% 7-44% 28% 6,180,181,183,184,275

Figure 1. Pulmonary cryptococcosis appearances in chest-computed tomography scans show infective inflammatory changes with cavitations and discrete

nodules.

Cryptococcus strains, and possibly immunogenetic variations

among patients.>*1%1

Radiological appearances of pulmonary
cryptococcosis

The radiological appearance of pulmonary cryptococcosis may
mimic other clinical conditions such as other pulmonary infec-
tions caused by bacteria, mycobacteria, parasites, or viruses, ma-
lignancy, inflammatory reaction, abscesses, malignancy and in-
farction.'”>1% Nodules, especially located in the peripheral area
of the lung, were the most commonly diagnosed finding on CXR
and computed tomography (CT) scan of noncompromised pa-

tients with proven pulmonary cryptococcosis?»3-10-129,133,196,197

198 Pulmonary cryp-

(Fig. 1). Nodules may be single or multiple.
tococcosis has often been initially misdiagnosed as lung can-
cer as some nodules also were positive on F-fluorodeoxyglucose
positron emission tomography (FDG-PET) (Fig. 2).*-51%? Rarer
appearances of pulmonary cryptococcosis include calcification,
“tree in bud” appearances, lymphadenopathies, and pleural ef-
fusions.’

In contrast, immunocompromised patients showed a broad
spectrum of abnormal CXR and CT scan appearances includ-
ing both single or multiple nodules, segmental consolidation,
cavitation, bilateral bronchopneumonia, mass-like appearances,

a diffuse miliary pattern, or mixed patterns.!82:197,200,201 The

Figure 2. PET/CT scans from proven pulmonary cryptococcosis showing a
spiculated mass (arrows) with high F-fluorodeoxyglucose (FDG) uptake re-
sembles lung cancer mass. This Figure is reproduced in color in the online
version of Medical Mycology.

CT appearances of proximal air bronchogram, cavitation, and
halo sign were more typically seen in immunocompromised pa-
tients than noncompromised patients.* 1912 Immunocompetent
patients more often appeared with solitary and well-defined

nodules.lO,ZOZ,ZOS

Laboratory diagnosis of pulmonary cryptococcosis

Given the complexities surrounding the diagnosis and iden-
tification of pulmonary cryptococcosis, the diagnosis of pul-
monary cryptococcosis is usually based on a combination of
clinical and radiological suspicion and laboratory confirma-
tion,13-166,189,192,204-208 The methods used to confirm the in-

fection are culture, direct microscopic, histopathology, serology,
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Asymptomatic

Clinical symptoms: cough/fever/dyspnea/chestpain

Positive findings of Cryptococcus from
histopathology or cytology of sterile
respiratory samples as per EORTC/MSG
guidelines, no other pathogen
detected

ChestCT scan or CXR shows new
nodules, mass or consolidation

ChestCT scan or CXR shows NO
new nodules, mass or
consolidation

AND/OR

AND

Isolation of Cryptococcus from culture
or appearancesin direct microscopy of
sterile respiratory samples as per
EORTC/MSG guideline®, no other
pathogen detected

Positive serum CrAg from
serum/respiratory samples

Positive culture or serology from
serum/respiratory samples

!

! !

PROVEN
PULMONARY CYPTOCOCCOSIS

PROBABLE
PULMONARY CRYPTOCOCCOSIS

COLONISATION

Figure 3. Algorithm for the diagnosis of pulmonary cryptococcosis. (Modified from Pauw et al.190) EORTC/MSG, European Organization for Research and
Treatment of Cancer/Invasive Fungal Infections Cooperative Group and the National Institute of Allergy and Infectious Diseases Mycoses Study Group; CrAg,

Cryptococcus antigen; CT, computed tomography; CXR, chest x-ray.

and molecular detection.!89-204,205,208,209 /e propose diagnos-
tic criteria for pulmonary cryptococcosis in Figure 3. Identify-
ing a positive culture of Cryptococcus from bronchoalveolar
lavage (BAL) or pleural fluid, together with appropriate clini-
cal symptoms and/or radiology findings are the key diagnostic
approaches.*”>21% These findings may be discovered in parallel
with, or without, positive antigen tests or direct microscopy from
serum, BAL or pleural fluid.?'%2!" Antigen tests from serum or
blood or culture are rarely positive unless there is disseminated
cryptococcal infection.?'> The use of lysis centrifugation of the
buffy coat from blood may increase detection.?' Once a diag-
nosis of pulmonary cryptococcosis is made, a lumbar puncture
and cerebrospinal fluid (CSF) examination (including antigen)
are recommended in all patients.>'* The differential diagnosis of
pulmonary cryptococcosis is summarized in Table 3.

Microscopy and culture

Sputum, BAL, pleural fluid, or tissue from a lung biopsy is col-
lected for microscopy to visualize yeasts and fungal culture may
grow Cryptococcus spp.2>*13 A lung biopsy from nodules of
uncertain aetiology requires a fungal culture to be done, in addi-
tion to histopathology examination. The laboratory procedure
for handling sputum from suspected cases is not standardised,

due to different culture conditions and media used by local lab-
oratories.”? The pellet from pleural fluid or BAL can be mixed
with India ink and observed under a microscope. The distinctive
structure for Cryptococcus spp. is narrow budding encapsulated
yeasts.

Samples for culture should be placed on Sabouraud dextrose
agar at 30°C for 7 days, in aerobic conditions, and observed
daily.?21%° Cultures from patients receiving systemic antifungal
therapy might need longer to grow Cryptococcus.'®® Crypto-
coccus appears as mucoid creamy colonies. C. neoformans are
identified generally as smooth colonies while C. gattii mostly
appears as mucoid colonies.?!5-21¢

Canavanine-glycine-bromothymol blue (CGB) agar can be
used to differentiate between C. neoformans and C. gattii.**>>13
Colonies of C. neoformans will not cause changes in CGB agar.
On the other hand, C. gattii produces a blue color in CGB agar.
Unlike other types of specimens, there are many variations in
the culture media and culture conditions for sputum. One study
reported that birdseed extract (BSE) agar may increase Crypto-
coccus detection in sputum and urine samples in HIV patients,?!”
partly because white colonies on Sabouraud dextrose agar may
be indistinguishable from Candida spp. The addition of beno-

myl to BSE agar has been shown to likely increase detection
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Table 3. Differential diagnosis of pulmonary cryptococcosis.*

Similarity with pulmonary

Condition cryptococcosis

Differentiating test

Bacterial, mycobacterial, viral, or other
pulmonary fungal infections

® Bacteria: Fusobacterium, Pseudomonas,
Streptococcus

® Atypical pathogen and Mycobacteria:
Mpycoplasma pneumoniae, Chlamydia
pneumoniae,
and Legionella pneumophila
Mycobacterium tuberculosis, M. kansasii

® Virus: cytomegalovirus

® Other pulmonary fungal infections:
Aspergillus, Pneumocystis, Histoplasma,
Coccidioides

Primary lung cancer or metastatic neoplasm

® Could be asymptomatic at all

® The same signs and symptoms

® The same radiological appearances

® The same radiological appearances

® BAL/ Sputum microscopy and culture: positive
for specific organism
® Serum/BAL CrAG test

® Detection of mycobacteria using GenXpert TB
or Ziehl-Neelsen stain to show acid-fast
bacilli: to differentiate mycobacteria

® Immunofluorescence, Gomori methenamine,
or Wright-Giemsa staining of
sputum/bronchoalveolar lavage

® HIV and CD4 count

® CT or MRI of the lung or other organ shows
presence of primary or metastatic tumour(s)

¢ Tissue biopsy: malignant cells

*Adapted from Limper et al.'; Li et al.'®¢; Riha, Pataka.'®?; Guimares et al.'"?; Guarner, Brandt.2°®; Thibodeau, Viera.?’”; and Shibuya et al.2%8

of Cryptococcus from environmental isolates when the samples
are highly contaminated with other moulds.?!® Benomyl is a
fungicide that inhibits ascomycetes but has no effect on basid-
iomycetes including C. neoformans and C. gattii. Positive results
for C. neoformans and C. gattii cultures from any types of spec-

imens should be followed by clinical investigation.??

Histopathology

A lung biopsy is the best diagnostic option when sputum or bron-
choscopy specimens are unavailable or negative.?? There are sev-
eral methods of lung biopsy including percutaneous lung biopsy,
trans-bronchial lung biopsy, video-assisted thoracoscopic (VAT)
biopsy, and open lung biopsy. The most appropriate method to
use for the biopsy depends on the skills available and the location
of the lung lesion.

Histological staining with hematoxylin and eosin (H&E),
Grocott or Gomori methenamine silver (GMS), and periodic
acid-Schiff (PAS) are used to detect Cryptococcus that appears as
narrow-based budding yeasts (4-10 pm), usually surrounded by
thick capsules in the lung tissue.*’-2%¢ Tissue sections can be pro-
cessed with alcian blue or mucicarmine to display the capsule?!?
(Fig. 4). Mucicarmine can differentiate Cryptococcus from other
yeast-like structures such as those of Coccidioides, Histoplasma,
or Candida, but only stain Blastomyces weakly.?'® Occasion-
ally, Cryptococcus infection with a capsule-deficient strain is
present and not detected with mucicarmine.?'??2% In this in-
stance, Fontana-Masson stain should be used to detect Crypro-
coccus because it stains melanin and other silver-reducing gran-

ules in the Cryptococcus cell walls.1%%22! Several studies have
reported that the majority of the Cryptococcus samples revealed
a lack of capsule and instead unusual structures (for Cryptococ-
cus) such as pseudohyphae, germ tubes and chains of budding
yeasts.?!2-222 In addition, titan cells were identified in 10% of
pulmonary cryptococcosis cases.

A wide variety of inflammatory reactions are observed in
pulmonary cryptococcal infection from well-formed granulomas
to minimal inflammation.?’* A complete granuloma complex
is built from aggregates of macrophages, lymphocytes, plasma
cells, and multinucleated giant cells.??> The presence and archi-
tecture of granulomas or other lesions are likely related to Cryp-
tococcus species (and capsule characteristics) and host immune
status.*?>20¢ Postmortem studies of HIV patients with pulmonary
cryptococcosis have revealed abundant organism in distended
alveoli, submucosa, and peribronchial tissue without any sign

2

of an inflammatory response,?** whereas typical granulomas

and other inflammatory cells comprised the majority of the
histopathology findings from immunocompetent patients.*’>225

Positive histopathology does not always correlate with the
culture result. A negative culture might be caused by nonvi-
able organisms in the sample. Immune responses in the lungs,
especially granuloma formation, may render Cryptococcus

nonviable.2-226,227

Antigen detection tests
Capsular polysaccharides of Cryptococcus can be detected and
quantified from body fluids such as serum, CSF, BAL, and

220z 1snBny |z uo 1senb Aq Z2¥EELG/EEL/Z/2G/PI0ME/AW/Woo dno-olwapede//:sdny Wwoly papeojumoq



Setianingrum et al.

141

Figure 4. Cryptococcus neoformans in the murine lung with toluidine blue stain (left); Cryptococcus neoformans in the human lung with alcian blue stain (right).

This Figure is reproduced in color in the online version of Medical Mycology.

urine using specific anti-C. neoformans antisera.'”’-21° Three
formats of cryptococcal antigen (CrAg) detection tests are cur-
rently available: the latex agglutination test (LAT), the enzyme-
linked immunoassay (EIA), and the lateral flow immunoassay
(LFA).191,228,229 These methods are rapid, sensitive and specific
but have not been standardised for respiratory specimens such as
BAL, pleural fluid, or sputum. The sensitivity of serum CrAg for
cryptococcal meningitis and disseminated disease is 93-100%,
and the specificity is 93-98%.'%% The sensitivity and specificity
of CSF CrAg are even higher. False negative serum CrAg is
commonly associated with pulmonary cryptococcal infection,
probably because of the low fungal burden outside the lung

134 However, it

or the capsule-deficient strain of Cryptococcus.
may be positive in disseminated cryptococcosis with lung
involvement.!33:18%:210 Fase-positive results are seen in the pres-
ence of rheumatoid factors or infections by Klebsiella pneu-
momnia, Trichosporon beigelii, Stomatococcus mucilaginosus, or
Capnocytophaga canimorsus.'®

The median titer of serum CrAg in pulmonary cryptococ-
cosis in non-HIV patients is 1:16 in patients without any un-
derlying diseases, and 1:32 in those with some form of im-
munocompromised state.'3® In a 12-month follow-up, serum
CrAg titers decrease slowly on therapy from >1:32 to negative
in most (76%) immunocompetent patients suffering from pul-
monary cryptococcosis.” However, the decrease is also seen in
untreated survivors although the CrAg rarely becomes negative.
At the same time, CrAg may persist for months after successful
therapy. Therefore, serum CrAg cannot be used as a prognos-
tic tool or for assessing response to treatment for pulmonary
Cryptococcosis.

Several studies report the use of BAL and percutaneous pul-
monary aspirates for CrAg detection.?30-233 Detection of CrAg
using BAL of HIV-positive patients shows 100% sensitivity
and 98% specificity with CrAg titer of >1:8 as a detection
limit.230-231 This is in line with findings from immunocompetent
patient lung aspirates showing 100% sensitivity and 97% speci-

ficity.?3? False negatives may be caused by dilution of the sample
in the process of bronchial washing. A recent study with 23 HIV-
negative pulmonary cryptococcosis patients revealed 82.6%
sensitivity of CrAg detection in BAL, while the serum CrAg sen-
sitivity was only 73.9%.%3* Latex agglutination methods have
been used for the detection of CrAg in respiratory samples in all
published studies. The performance of the LFA in the diagnosis
of pulmonary cryptococcosis has not been evaluated. Although
BAL and lung aspirate have potential as a diagnostic tool, bron-
choscopy is an invasive method. It is unlikely bronchoscopy will
be performed unless the patient presents with nodules and there
is a suspicion of malignancy or the clinical presentation is severe.
Sputum may prove to be an alternative sample type for early di-
agnosis of pulmonary cryptococcosis as Cryptococcus cells can
be detected both in sputum and lung aspirates by cytology.?3’

Molecular detection
Molecular detection of Cryptococcus is required in specific sit-
uations where other diagnostic tools have failed to confirm
a diagnosis of cryptococcosis.?’’ One of the circumstances is
when there is positive result from histological examination
but the culture is negative. These molecular methods include
pan-fungal PCR, DNA sequencing for identification, multi-
plex PCR, isothermal amplification method, and probe-based
microarrays.236-238

The conventional method for Cryptococcus species differen-
tiation is a CGB test. However, studies revealed that CGB test
is inferior than PCR in distinguishing species of Cryptococcus in
4.58% of samples.>3*240 Moreover, it provides rapid identifica-
tion and may identify mating-type profiles via amplification of
the STE (sterile) gene sequences.>*! There are several studies that
have used PCR for the direct detection of Cryptococcus spp. in
respiratory samples (Table 4).236-239,242-246 Respiratory samples
from proven pulmonary cryptococcocosis processed with mul-
tiplex RT PCR showed 90.7% sensitivity and 100% specificity
to detect C. neoformans.>*® PCR may also distinguish different
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Table 4. Review of PCR methods for Cryptococcus spp.

No.  PCR method Samples DNA extraction Primer/target gene Accuracy and LoD Reference
1 Singleplex PCR References strain - STR1F and STR1R Sensitivity: 99.2% 237
(Cryptococcus
neoformans var. grubii,
C. neoformans var.
neoformans, C. gattii
and hybrids)
2 PCR and restriction Clinical isolates Thermal shock ITS4-ITSS continue - 242
digest (C. neoformans collection method with restriction
and C. gattii) digest with
NS7-ITS2 and
NS7-1TS4
3 Nested PCR Sputum, BAL, biopsy, glass bead technique ~ URAS gene 10 pg; 1 x 103 cfu 243
(C. neoformans) bronchial aspirates and heat treatment
from PC patients
4 Multiplex PCR Pigeon droppings glass bead technique ~ STE20 gene - 244
(serotype and mating
type of C. neoformans)
5 Nested and real time Brain from infected QIAamp tissue kit rRNA (18S rDNA) 1to 10 cfu 245
PCR mice
6 Multiplex PCR (C. Clinical isolates CTAB technique CNa-70S and CNa- 1.25 ng, 100% 239
gattii, C. neoformans recovered by culture 70A for C. agreement with
var neoformans and neoformans, serotyping
var. grubii) CNb-49S and
CNb-49A for C.
gattii
7 Multiplex RT PCR Clinical samples (BAL, - OLI CRYPTO 12 2 fg, sensitivity: 90.7%, 236
(C. neoformans) sputum, blood) OLI CRYPTO 2 specificity: 100%
8 Nested PCR Cerebrospinal fluid chloroform First run: ITS-1and 10 cells 246
(C. neoformans) technique CN-4 Second run:
CN-5 and CN-6
9 Comparison primer Cerebrospinal fluid QIAamp DNA mini CN4-CNS5 (coding Sensitivity: 94.8% 238
sets (C. gattii and kit rDNA) & the Specificity: 98.5%
C. neoformans) multiplex CNa70S-
CNa70A/CNb49S-
CNb-49A

BAL, bronchoalveolar lavage; cfu, colony-forming unit; CTAB, cetyl trimethylammonium bromide DNA, deoxyribonucleic acid; LoD, limit of detection; PC, pulmonary

cryptococcosis; PCR, polymerase chain reaction; RT, real-time.

species of Cryptococcus spp. using STR1F and STRIR as the

target genes.”3”

Management of pulmonary cryptococcosis

Successful management of pulmonary cryptococcosis depends
on the host-immune status and the predilection of the disease,
whether present as a localised disease in the lung, spread to
CNS, or generally disseminated (Table §).211:21%:247 Both im-
munocompromised and immunocompetent patients with crypto-
coccal pneumonia should have blood culture, CSF examination
via lumbar puncture, and serum cryptococcal antigen testing.>>
Whenever CNS involvement is identified, this requires induc-
tion amphotericin B or fluconazole combined with flucytosine,

and the adjustment of the dosage and duration of antifungal
therapy, compared to pulmonary involvement alone.>!#,247,248
Although flucytosine is now clearly established as a critical ther-
apy for cryptococcal meningitis, its short half-life and time over
minimum inhibitory concentration (MIC) pharmacodynamic re-
quires 6-hourly dosing in those with normal renal function.
This is problematic and a slow release formulation would be
welcome.?*8

Fluconazole is the drug of choice for cryptococcosis with-
out CNS involvement.>** One study reported that eight of 25
(32%) nonimmunocompromised patients experienced sponta-
neous recovery from isolated pulmonary cryptococcosis with-
out antifungal treatment.>*® A recent literature review of im-

munocompetent patients recommends fluconazole 400 mg/day
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Table 5. Summary of antifungal therapy for pulmonary cryptococcosis.*

HIV and immunocompromised patients

Asymptomatic, Mild disease, and/or
positive culture

Maintenance Fluconazole (200 mg/d)
Immunocompetent
Colonized

Symptomatic, mild-moderate disease

Fluconazole 400-800 mg/d or itraconazole 400 mg/d for
6-12 months, followed by maintenance

Maintenance discontinued after
HAART therapy if disease free
and CD4 count > 200 cells/ul for

No specific antifungal therapy
Fluconazole (400-800 mg/d initially), for 6-12 months or
itraconazole (400 mg/d for 6 months)

Suggested extended duration if the
response is not complete

HAART, highly active antiretroviral therapy; HIV, human immunodeficiency virus.

*Adapted from Perfect et al.>'* and Limper et al.>*’

orally for six to twelve months in either symptomatic or asymp-
tomatic conditions.”? This is because antifungal therapy prevents
or diminishes the risk of disease progression. Oral itracona-
zole or voriconazole 200 mg twice daily may be substituted if
fluconazole is not available or contraindicated.**” It may be nec-
essary to add corticosteroid in cases of acute respiratory distress
syndrome.?

A recent study described a 10.6 % mean fluconazole resistance
from 4995 Cryptococcus isolates from HIV-positive patients.>’!
The rate of fluconazole resistance is increasing over time which
is an alarming rate for cryptococcosis management.'$1-22 There
is an urgent need for novel antifungal to counter the resistance
strains of Cryptococcus.>>> APX001A, VT-1129, and T-2307
are being developed as the new therapeutic options for cryp-
tococcosis. APX001A already completed phase II clinical trial,
while VT-1129 and T-2307 developed passed phase I clinical
trial.2%#-2%¢ T-2307 may have value in pulmonary cryptococco-
sis as in a murine model as it prevents alveolar collapse, while
this important activity is not observed with fluconazole and am-
photericin B.2*’ Furthermore, established therapeutic drugs such
as sertraline, amiodarone, thioridazine and tamoxifene are re-
purposed as anticryptococcal agents. Sertraline, a selective sero-
tonin reuptake inhibitor, is under phase III clinical trial for
adjuvant therapy of cryptococcosis.>” Amiodarone and thiori-
dazine show active killing of intraphagocyte C. neoformans in
the lungs known as an inaccessible location for fluconazole and
amphotericin B.>%8

Prognosis of pulmonary cryptococcosis

Pulmonary cryptococcosis lead to no deaths, relapses, or dissem-
ination among non-HIV patients in China, with a follow-up of
2 to 11 years."* However, acute severe respiratory distress is
a possible outcome of pulmonary cryptococcosis both in HIV
or non-HIV patients.!68:186,259,260 A 1(-year retrospective study
concerning non-HIV pulmonary cryptococcosis reported that
33% of patients developed respiratory failure, with a 55% mor-
tality rate.'®® All cases of respiratory failures occurred within
twenty-four hours of the patient arriving at the hospital. The

mortality rate of pulmonary cryptococcosis in HIV patients in
one study was 74% over the first year following diagnosis.?¢!
All of the patients who did not survive had disseminated in-
fection. A recent study of pulmonary cryptococcosis in both
immunocompromised and non-compromise patients showed

70.3% (n = 71) were successfully treated.!?’

Prevention of pulmonary cryptococcosis

Primary antifungal prophylaxis for cryptococcosis in HIV pa-
tients is only recommended for regions with a high rate of dis-
ease, high levels of antiretroviral drugs resistance, and restricted
availability of highly active antiretroviral therapy (HAART).2'
Randomised controlled trial studies found fluconazole as a first
line prophylaxis, or itraconazole as a second line prophylaxis,
for HIV patients with low CD4 counts effective.262-264

Other prevention methods might include Cryptococcus vac-
cines, although none are yet licensed.?¢>=2¢8 This approach has
potential value because of the high risk of the antifungal toxicity,
the rise of antifungal resistances in Cryptococcus, and immune
defects that hamper Cryptococcus eradication.!81:269:270 A re-
cent preclinical study in mice utilising vaccines from the antigen
extracts of Cryptococcus coated with glucan particles indicated
potential advantages with a 60% 50-day survival rate.?® Other
studies using different models of Cryptococcus vaccines also sup-
port this approach as part of strategy to prevent pulmonary
cryptococcosis.267-271-273

Pulmonary cryptococcosis is probably one of the most com-
mon pulmonary fungal infections both in immunocompromised
and immunocompetent patients. There has been increasing in-
terest in the field of genetic diversity, environmental niches and
the pathogenesis of this disease, especially since the outbreak of
C. gattii in several areas. However, most of the studies are small;
hence, caution must be applied as the findings may not be trans-
ferable to different geographical areas or patient risk groups.
The development of diagnostic tools or point of care test that
can detect CrAg in respiratory specimens is the substantial part of
research gap in pulmonary cryptococcosis.?* The interpretation
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of CrAg in respiratory specimens required support from clinical
appearance as colonization is frequently occurs in respiratory
tracts.?’* Further research is needed to account for the varying
risk factors, including genetic risk factors, embracing a greater
sample size, especially in relation to immunocompetent popula-
tions. There is also limited clinical research involving patients
with isolated pulmonary cryptococcosis. Thus, further research
is required to determine the best strategy for rapid diagnosis of
pulmonary cryptococcosis to preempt dissemination and acute
respiratory failure.
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