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Cryptococcosis

Inhalation of Cryptococcus into the respiratory system is the main route of acquisition of
human infection, yet pulmonary cryptococcosis goes mostly unrecognized by many
clinicians. This delay in diagnosis, or misdiagnosis, of lung infections is due in part to
frequently subtle clinical manifestations such as a subacute or chronic cough, a broad
differential of diagnostic possibilities for associated pulmonary masses (cryptococco-
mas) and, on occasion, negative respiratory tract cultures. Hematogenous dissemina-
tion from the lung can result in protean manifestations, the most severe of which is
meningoencephalitis. There are few clinical studies of pulmonary cryptococcosis and its
pathogenesis is poorly understood. The main purpose of this review is to describe the
epidemiology, clinical presentation, diagnosis, and treatment of pulmonary cryptococ
cosis to increase clinician’s awareness of this diagnostic possibility and to enhance
clinical management. Useful pointers to the approach and management of pulmonary
cryptococcosis and the implications of disseminated disease are included, together with
recommendations for future research.

The clinical manifestations of cryptococcosis are protean.
Cryptococcal meningoencephalitis (CM) is the most frequent

Cryptococcal disease (cryptococcosis) is caused by Crypto-
coccus spp., a ubiquitous budding yeast-like basidiomycete
that is endemic in many countries. Cryptococcosis is most
often associated with human immunodeficiency virus
(HIV) infection, and a million new cases a year are thought
to occur globally! with a mortality rate of 20 to 70%.2
Although patients with other immunodeficiency states
including organ transplantation, and the use of corticoster-
oid and other immunosuppressive therapies, are at in-
creased risk, cryptococcosis is also well described in
apparently healthy hosts.

Issue Theme Pulmonary and Invasive
Fungal Infections; Guest Editor: Carol A.
Kauffman, MD

and most severe form in both HIV-infected and HIV-negative
patients, and is the best studied. Pulmonary disease is the
next most common presentation and is manifest as lung
infiltrates and/or cryptococcomas. Skin/subcutaneous, oph-
thalmic, bone, and prostatic disease also occur.? Even though
the most common route of acquisition follows inhalation,
ironically, pulmonary cryptococcosis is often not recognized.
The purpose of this review is to describe the epidemiology,
pathophysiology, clinical presentation, diagnosis, and treat-
ment of pulmonary cryptococcosis. We also briefly discuss
aspects of cryptococcosis in resource-limited settings.

Copyright © 2015 by Thieme Medical
Publishers, Inc., 333 Seventh Avenue,
New York, NY 10001, USA.
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The Genus Cryptococcus—Update on
Taxonomy

Modern molecular techniques have identified that the poly-
phyletic genus, Cryptococcus, comprises more than 70 spe-
cies; for the majority of these, only the anamorph (nonsexual)
state has been described.* The nomenclature of the tele-
omorph state is Filobasidiella. This nomenclature is being
revised as part of the “One fungus-One name” project, in
common with reclassification of all botanical names.”~” Based
on expert consensus, closely related sibling species, causing
disease with similar clinical management, are considered to
be members of a complex’—hence the assignment of
“Cryptococcus neoformans-Cryptococcus gattii complex”—to
the two main pathogenic species, C. neoformans and C. gattii.
Both C. neoformans and C. gattii are environmental, noncon-
tagious pathogens, but differ in genetic, ecological, physio-
logical, and pathobiological properties.8

There are two varieties within C. neoformans—C. neofor-
mans var. grubii (serotype A) and C. neoformans var. neofor-
mans (serotype D), which generally cause disease in
immunocompromised patients. More than 90% of infections
worldwide are caused by C. neoformans var. grubii. C. gattii
(serotypes B and C) has a propensity to cause disease in
immunocompetent patients,**"'" and also infects immuno-
suppressed individuals; this species gained particular notori-
ety following outbreaks in North America.’? In addition,
infections may be caused by hybrid strains of either species
(serotypes AB, AD, and BC).'314

Many molecular typing techniques have been applied to
delineate strains of the C. neoformans-C. gattii complex more
precisely (reviewed by Meyer et al° and Chen et al'®). The
International Society of Human and Animal Mycology
(ISHAM) has endorsed genotyping by multilocus sequence
typing (MLST) as the gold standard method of strain classifi-
cation with eight molecular types described—genotypes VNI
to VNIV for C. neoformans and genotypes VGI to VGIV for
C. gattii.” This typing classification is based on seven unlinked
genetic loci, including six housekeeping genes, three of which
—CAP 59 (polysaccharide capsule), LAC1 (melanin synthesis),
and PLB1 (cell invasion)—encode virulence factors.? General-
ly, C. neoformans molecular types are aligned with the
serotypes (=Table 1).

Ecology and Epidemiology

In the environment, C. neoformans var. grubii has been
recovered from decaying wood, soil, and pigeon excreta.
The endemic tree species, Colophospermum mopane, has
been reported as an important natural reservoir in Southern
Africa,'® with implications for the resurgence of cryptococco-
sis in this region. The likelihood of environmental acquisition
is further supported by the isolation of Cryptococcus from soil,
bird droppings, and dust samples in home environments of
patients with cryptococcosis in Burundi.' In Australia,
C. gattii infection has been associated with exposure to
several tree species, in particular, two species of eucalypt,
Eucalyptus camaldulensis and Eucalyptus tereticornis.!® Trees

Seminars in Respiratory and Critical Care Medicine  Vol. 36 No. 5/2015

such as Douglas fir and coastal western hemlock, native to
Vancouver Island in British Columbia, Canada, have also been
implicated as an environmental niche of C. gattii.'®

In the 1980s, C. neoformans was the predominant species
in North and South America, accounting for 85% of human
cases, but with a higher prevalence of C. gattii in southern
California (41%) and Brazil (35.5%)."° In this same study,
C. gattii was over-represented (41.2%) in Australia and South
East Asia, suggesting that this species was more likely to occur
in tropical and subtropical climates.'® However, recently,
C. gattii infection has spread into new geographical regions.
Since the Vancouver Island outbreak in the 1990s,'> more
than 200 cases of C. gattii infection have been reported in
British Columbia?® with extension into the Pacific Northwest
of the United States®'?2 and to eastern states.?> Phylogenetic
and recombination analyses indicate that these outbreaks
originated from a highly recombining C. gattii population in
northern Brazil, with climatic change playing a possible role
in dispersal.?* There is also increasing interest in C. gattii
infection of domestic animals, sheep, cows, and koalas (re-
viewed by Chen et al'®). A recent U.S. study found a predomi-
nance of the VGIII genotype in cats and genotype VNI strains
in dogs; both genotypes are similar to those infecting
humans.?

Host Risk Factors

HIV infection is the major risk factor for cryptococcosis. Other
populations at risk include solid-organ and hematological
stem cell transplant recipients; patients with malignan-
cies?®?’; those receiving immunomodulating and biologic
agents, including patients treated for systemic lupus eryth-
ematosus (SLE),Z&29 sarcoidosis,>® and rheumatoid arthri-
tis>'; and individuals with CD4 lymphopaenia.3?33 These
risk factors have been described in both C. neoformans and
C. gattii infections. Donor-derived cryptococcosis has also
been previously reported in liver and kidney recipients.>*3>
In an older study, approximately 20% of HIV-negative patients
with cryptococcosis lacked any predisposing factors.>® Fur-
ther, 44% of 151 HIV-negative patients with pulmonary
cryptococcosis had no underlying illness; comorbid condi-
tions included diabetes (32.1%), hematologic diseases (22.6%),
connective tissue disease (22.6%), renal failure 16.7%, solid-
organ malignancy (13.1%), chronic lung disease (13.1%), liver
disease (9.5%), and renal transplantation (2.4%).37

The prevalence of cryptococcosis in HIV-negative patients
is less well defined than in HIV-infected individuals, but is
probably low. An earlier North American study reported an
incidence of 0.9 cases per 100,000.38 Cryptococcosis is un-
common in children despite potential predisposing condi-
tions similar to those in adults and occurs at a median age of 7
to 11 years (reviewed by Lizarazo et al*?).

Virulence, Pathogenesis, and Latency

While cases of cryptococcosis are most often encountered as
acute infection, most are caused by reactivation of latent
infection. Evidence for this stems from high prevalence of
cryptococcal antibodies in healthy individuals*®4' and the
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Table 1 Serotypes and molecular types of the Cryptococcus neoformans-Cryptococcus gattii complex

Varieties Serotypes MLST
C. neoformans var. grubii A VNI
var. grubii A VNII
var. grubii A VNB
var. neoformans D (2 lineages) VNIV
Hybrids AD hybrid (3 lineages) VNI
C. gattii - BorC VGl
- BorC VGl
- BorC VGl
- BorC VGIV
Other Tremalleles species 12 other species

ability of cryptococci to infect macrophages and remain
latent.*? Factors that trigger reactivation of infection are
unknown.

Both C. neoformans and C. gattii have a similar suite of
virulence determinants. The three best-characterized viru-
lence factors are an ability to grow at 37°C, produce melanin
(via laccase activity), and the polysaccharide capsule.'® The
capsule, which is composed predominantly of glucuronoxy-
lomannan (88%) and galactoxylomannan (10%), interferes
with macrophage phagocytosis, depletes complement, and
impairs leucocytosis10 and its size can increase substantially
in response to environmental stress.*> The ability of crypto-
cocci to grow at human body temperature enables it to
withstand the dramatic change in temperature from environ-
ment to host,** while melanin is protective against toxic-free
radicals and affects endothelial porosity.'® Melanized cryp-
tococci are less susceptible to amphotericin B than non-
melanized cryptococci.®® Other virulence factors include
the production of invasins (e.g., phospholipase B [Plb1] and
urease) and antioxidants (e.g., superoxide dismutase [SOD1]).
In murine models of C. neoformans infection, PIb1 and laccase
are essential for egress of cryptococci from the lung and
dissemination to the central nervous system (CNS), whereas
PIb1 and urease are required for cryptococci to cross the
blood-brain barrier.*®

Cryptococcal strain variance influences virulence capacity
and clinical outcomes.*”-*® Clinical studies suggest that lung
involvement occurs only in 20 to 35% of patients with
C. neoformans infection*>° but in 60 to 76% of those with
C. gattii infection.?%>%7 In support of this, murine studies
show that mice infected by intrapharyngeal aspiration of
C. gattii strain R265 (VGII) die from pulmonary causes, while
those infected with C. neoformans VNI H99 strain die from
CM.>? Growth rate in blood was slower for strain R265
compared with H99 and intravenous infection of either
demonstrated similar capacity to cross the blood-brain bar-
rier, though at low levels of inocula, more H99 crossed the
blood-brain barrier.>? Furthermore, infection in mice with
strain R265 was associated with alveolar expansion due to
yeast proliferation and a much reduced macrophage

response, whereas infection with H99 showed numerous
nodules in the alveolar space consisting of macrophages
and multinucleated giant cells.>> This suggests diminished
control of C. gattii in the pulmonary compartment contrib-
utes to its propensity for lung manifestations.

Immunopathogenesis of Cryptococcosis
Innate and adaptive responses are critical for the control of all
forms of cryptococcal infection including pulmonary disease.
Cell-mediated immunity (CMI) is the key as evidenced by the
preponderance of cryptococcosis in HIV/AIDS patients with
impaired T-cell immunity and granuloma formation that is
characteristic of CMI (reviewed by Chang et al®*). Protective
CMI is based primarily on Cryptococcus-specific Th1-type
CD4+ T cells which produce interleukin (IL)-2, interferon
(IFN)-y, and tumor necrosis factor (TNF)-a.>> CMI-mediated
responses include direct cytotoxic effects and regulation of
cytokine production, a Th1-Th17 cytokine profile is associat-
ed with increased phagocytic activity and inhibition of cryp-
tococcal growth, while a Th2 response is nonprotective.56
Immunological responses to Cryptococcus spp. are charac-
teristically Th1 driven—with CXCR3 and CCR5 as homing
receptors for effector T cells and natural killer (NK) cells
and IFN-y as the common effector molecule (reviewed by
Chang et al®*). The latter plays a critical role in the control of
pulmonary disease in murine models and in human crypto-
coccosis (reviewed by Chang et al>*). The impact of HIV on the
immune response to cryptococcosis is also reviewed by Chang
et al.>* Complement and mannose-binding lectin deficiency,
impaired chemotaxis and phagocytosis of macrophages and
polymorphonuclear cells, and abnormal T-cell-mediated cy-
totoxicity associated with SLE and glucocorticoid use contrib-
ute to the pathogenesis of cryptococcosis.?®

Clinical Presentation

Diagnosing pulmonary cryptococcosis may be problematic
owing to lack of specificity of symptoms, often a low index of
suspicion and limited diagnostics in resource-limited set-
tings. Indeed, patients diagnosed with isolated pulmonary

Seminars in Respiratory and Critical Care Medicine  Vol. 36 No. 5/2015
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cryptococcosis are often asymptomatic, presenting instead
with an “incidental” radiological abnormality, mimicking
lung malignancy. All patients with CNS cryptococcosis should
be assessed radiologically for pulmonary involvement.

Severe pneumonia with acute respiratory failure was not
uncommon in older studies of pulmonary cryptococcosis in
the early era of HIV, where advanced immunodeficiency was
the norm.>’ Recently, a majority of patients with pulmonary
cryptococcosis are asymptomatic or simply report cough,
scant sputum production, fever, dyspnea, and chest
pain,3”°8-%0 indistinguishable from other causes of
pneumonia.

There are no direct comparative studies between HIV-
infected and noninfected patients. It is likely that the range of
symptoms is similar, although severe presentations are more
likely in immunosuppressed hosts. In a large Japanese study
of HIV-uninfected patients with pulmonary cryptococcosis,
asymptomatic, incidental illness was seen in 46.4% of those
with underlying conditions and 64.2% without any underly-
ing disease.>” Those with symptoms presented with cough
(17.6 and 22.3%), chest pain (3.6 and 10.4%), sputum produc-
tion (17.6 and 6%), and fevers (3 and 23%) in patients with and
without underlying disease, respectively.3” In a small series of
23 patients from Korea, 57% had no symptoms or signs, and
26% had a cough, 17% had chest pain, and 9% experienced
fever.? Importantly, only one patient was diagnosed with
pulmonary cryptococcosis prior to culture confirmation.®? In
aretrospective Chinese study of cryptococcal lung infection in
immunocompetent individuals, 24% were asymptomatic;
symptoms included cough (62%), expectoration (38%), dys-
pnea (22%), fever (21%), chest pain (20%), and emaciation
(13%).>° Studies of C. gattii infection in Australia revealed
pulmonary involvement in 63% of cases, mostly occurring
concurrently with CNS disease (81% of cases).”' In contrast, in
the North American outbreaks, many patients presented with
respiratory symptoms (87% of British Columbian cases and
59% of U.S. cases),®! often without CNS involvement.

Radiology

Chest X-rays and a complementary chest computed tomo-
graphic (CT) scan are important components of the diagnostic
algorithm in patients suspected of pulmonary cryptococcosis.
Overall, peripherally distributed lung nodules and masses are
most common>’->8 with the right lower lobe being the most
common location®” (~Fig. 1). More than 60% of patients had
multiple nodules.?” In one study, patients with lung consoli-
dation had higher serum cryptococcal antigen titers com-
pared with those with solitary or multiple nodules and were
also at increased risk of death.>” Inmunocompromised hosts
have a greater propensity for cavitating lesions.®? Very large
lesions (more than 5-10 c¢m) are typical of C. gattii lung
infection®>%* and have been associated with Pancoast syn-
drome with respiratory stridor.®®

Laboratory Diagnosis
The laboratory diagnosis is typically based on the isolation

of Cryptococcus. Ideally, this should be supported by histo-

Seminars in Respiratory and Critical Care Medicine  Vol. 36 No. 5/2015

Fig. 1 Chest X-ray depicting right hilar mass and right upper lobe
consolidation in a patient with isolated pulmonary cryptococcosis.

pathological evidence of tissue invasion. Diagnosis by
molecular, including polymerase chain reaction (PCR)-
based, methods is not usually required and is not further
discussed here.

Culture of Clinical Specimens

Culture of Cryptococcus from lung biopsies provides a defini-
tive diagnosis but requires an invasive procedure. More often,
sputum and bronchoalveolar lavage (BAL) fluid are collected
for culture. Budding encapsulated yeasts may be seen on
microscopy. Cultures held at 30°C are typically positive within
7 days and should be examined daily; uncommonly they
require incubation for up to 14 days. Hematoxylin and eosin
stains will detect Cryptococci, but specific stains for the fungal
cell wall, melanin, or polysaccharide capsule may be more
helpful.

Laboratory processing of sputum is not standardized;
different culture media and culture conditions are used and
many laboratories do not routinely report yeast or fungal
growth from sputum. Isolation of the C. neoformans-C. gattii
complex should not be dismissed as contamination, and all
source patients deserve clinical evaluation. Culture of BAL
fluid has a higher diagnostic yield than that of sputum. With
the emergence of C. gattii in temperate climates and its ability
to cause outbreaks, it is advisable that laboratories routinely
distinguish between C. gattii and C. neoformans. A simple test
to distinguish them is by inoculation onto Canavanine-gly-
cine-bromothymol blue (CGB) agar when colonies of C. gattii
appear blue while C. neoformans colonies exhibit no color
change.

Histology—Tissue Sampling by VATS, Percutaneous or
Open Lung Biopsy

As microbiological isolation of Cryptococcus in sputum and
bronchoscopy specimens may be unsuccessful, lung biopsies
may be needed for diagnosis. The choice of invasive procedure
is based on the location of the lesion and the availability of
skilled operators. Transbronchial lung biopsy, video-assisted
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thoracoscopic (VAT) biopsy, percutaneous, and open lung
biopsy may be considered.

Serum Cryptococcal Antigen

In contrast to CNS cryptococcosis, serum cryptococcal antigen
titers in isolated pulmonary cryptococcosis are relatively low
(median 1:16 in those without underlying disease, 1:32 in
those with underlying disease) but remain a helpful test.>’”
While the serum antigen titer typically falls with antifungal
treatment, it can rise transiently after initiation of antifungal
therapy and remain elevated for a prolonged period. In a
retrospective case series, the titer became negative at a
median on 13 and 10.7 months in those with and without
underlying disease, respectively.37 In a prospective study of
pulmonary cryptococcosis in 48 transplant recipients, 83%
tested positive for serum cryptococcal antigen, primarily in
patients with extrapulmonary disease and fungemia.?’

The new lateral flow assay (LFA) for measuring cryptococ-
cal antigen has performed well (>95% sensitivity and 100%
specificity when used on serum and cerebrospinal fluid [CSF]
in predominantly HIV-infected patients with CM).6%67 Its
simplicity and suitability as a point-of-care test make it
attractive for routine use, especially in resource-limited set-
tings. However, its performance in other patient populations
including those with isolated pulmonary cryptococcal disease
remains to be evaluated.

Antifungal Susceptibility

Clinical and environmental isolates of C. neoformans and
C. gattii from multiple countries demonstrate low rates of
resistance and overall susceptibility to agents such as flucon-
azole, amphotericin,?®~7 and the newer azoles, voriconazole
and posaconazole. The echinocandins have poor activity in
intro against Cryptococcus and should not be used for
therapy.”!

Antifungal susceptibility testing of C. neoformans and
C. gattii is not performed routinely in many clinical laborato-
ries. The gold standard for antifungal susceptibility testing is
the broth microdilution method, though recent studies sug-
gest that testing by the Vitek-2 and E-test may be compara-
ble’® The absence of a clinical breakpoint makes
interpretation of drug minimum inhibitory concentrations
difficult. However, susceptibility testing is helpful in patients
failing antifungal therapy.

Table 2 Helpful hints for managing pulmonary cryptococcosis

Pulmonary Cryptococcosis Chang et al.

Molecular Diagnosis and Typing

While MLST of Cryptococcus is widely used in research
studies, at present, molecular methods are not required in
routine clinical practice. Molecular typing is particularly
useful in tracking outbreaks and health care associated
transmission.”? Should molecular data be available, clinicians
should be aware that antifungal susceptibility profile may
vary with molecular type,”> with host immune responses*’
and hence potentially result in different clinical outcomes.

Principles of Management

Any patient with a diagnosis of pulmonary cryptococcosis
should be investigated for disseminated disease and for
underlying immunodeficiency (=Table 2). Blood culture,
serum cryptococcal antigen test, and a lumbar puncture for
CSF examination including measurement of the CSF opening
pressure are routinely recommended, with additional inves-
tigations depending on the clinical presentation. Approxi-
mately 9.3% of 122 non-HIV infected patients with pulmonary
cryptococcosis who underwent a lumbar puncture were
diagnosed with CM.>” Concurrent lung and neurological
manifestations occurred in 85% of patients in a study of C.
gattii in Australia.?

The presence of a positive blood culture is indicative of
disseminated disease and attendant increased risk of CNS
involvement. In turn, the presence of CM or CNS cryptococ-
comas significantly alters patient management, including the
need for longer duration and escalation of antifungal therapy.
International guidelines for the management of CNS crypto-
coccosis’4~?7 are published.

Antifungal Therapy for Pulmonary Cryptococcosis
Definitive treatment recommendations for pulmonary cryp-
tococcosis are hampered by the absence of prospective,
randomized controlled trials or prospective cohort studies
of patient outcomes. Thus, treatment guidelines are based on
retrospective case series, expert opinion, and are inferred
from studies of CNS cryptococcosis, especially those of CM in
HIV-infected patients. Treatment guidelines from the Infec-
tious Diseases Society of America (IDSA),’® the American
Thoracic Society (ATS),’® the Australia and New Zealand
Mycoses Interest Group (ANZMIG),”> World Health Organiza-
tion (WHO),”* and other professional societies are summa-
rized in =Table 3.

* Pulmonary tissue sampling is critical as culture techniques for respiratory samples may be nondiagnostic

* Ascertain dissemination to the central nervous system—Perform blood culture, serum cryptococcal antigen, and a lumbar
puncture (including opening pressure, cell count, biochemistry, culture, and CSF cryptococcal antigen)

» Examine for other clinical manifestation including skin cryptococcoma

* Look for immunodeficiency states including HIV and underlying malignancy, but it is not surprising if none are identified

* Reduce immunosuppression where possible in transplant recipients

* Cryptococcal disease can occur in any patient including those without host risk factors
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Table 3 Summary of available guidelines on the treatment of pulmonary cryptococcosis

Guideline

Mild to moderate symptoms
and focal pulmonary infil-
trates

Diffuse pulmonary disease
(to treat as per CNS crypto-
COCCOSiSs)

Comments

General cryptococcosis guidel

ines

Infectious Diseases Society
of America (IDSA) CID
20107°

400 mg fluconazole daily
6-12 mo

HIV:

Induction: Conventional am-
photericin 0.7-1.0 mg/kg/d
plus Flucytosine 100 mg/kg/d
for 2 wk

Consolidation: Fluconazole
400 mg daily for 8 wk
Maintenance: Fluconazole
200 mg daily for 12 mo
Transplant:

Induction: [Liposomal am-
photericin 3-4 mg/kg/d or
ABLC 5 mg/kg/d] plus flucy-
tosine (100 mg/kg/d) for 2 wk
Consolidation: Fluconazole
400-800 mg daily for 8 wk
Maintenance: Fluconazole
200-400 mg daily for 12 mo
Non-HIV, nontransplant:
Induction: Conventional am-
photericin 0.7-1.0 mg/kg/d
plus flucytosine 100 mg/kg/d
for 4 wk

Consolidation: Fluconazole
400-800 mg daily for 8 wk
Maintenance: Fluconazole
200 mg daily for 12 mo

Multiple recommendations—
graded

Does not alter management
based on C. neoformans vs.
C. gattii

Host-based guidelines and
suggests 12 mo treatment for
severe pulmonary cryptococ
cosis using CNS-like strategy

American Thoracic Society
AJRCCM 2011102

400 mg fluconazole daily
(then taper to 200 mg for
6 mo)

Or Itraconazole for 6 mo

Ampbhotericin B 0.7-1.0
mg/kg/d plus flucytosine 100
mg/kg/d for 2 wk, then flu-
conazole or itraconazole 400
mg/d for 10 wk

or

Amphotericin B 0.7-1.0 mg/
kg/d plus flucytosine 100 mg/
kg/d for 6-10 wk

Controversially recommends
no therapy in “colonized”
immunocompetent
Recommends extension if

C. gattii

Also extend to 12 mo if mild
disease in
immunocompromised

Australian guidelines IM]
20147°

400-800 mg fluconazole for
6-12 mo

Liposomal amphotericin 3
mg/kg/d (or conventional
amphotericin 0.7-1.0 mg/
kg/d) plus flucytosine (100
mg/kg/d) for 2 wk then
Fluconazole 400 mg daily for
6-12 mo

Recommends more intensive
treatment in any immuno-
compromised patient and
also those with large
cryptococcomas

HIV-specific guidelines

AIDSinfo guidelines 201377

Fluconazole 400 mg daily for
12 mo

Induction: Liposomal ampho-
tericin B 3-4 mg/kg/d plus
flucytosine 100 mg/kg/d in 4
divided doses for > 2 wk
Consolidation: Fluconazole
400 mg daily for > 8 wk
Maintenance: Fluconazole
200 mg daily for > 1y and
CD4 > 100 cells/uL

Does not alter management
based on C. neoformans vs.
C. gattii

WHO 201274

No details available

No details available

No specific discussion on the
treatment of pulmonary
cryptococcosis
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Guideline Mild to moderate symptoms
and focal pulmonary infil-

trates

Diffuse pulmonary disease Comments
(to treat as per CNS crypto-

COCCOSiSs)

MMWR 200903 No details available

No details available No specific discussion on the
treatment of pulmonary

cryptococcosis

Many expert panels have developed broad treatment
recommendations subclassified by host immune status
(e.g., IDSA guidelines’®). Other guidelines are targeted at
specific patient groups, such as the AIDSinfo guidelines’’
for HIV-infected patients and the ATS guidelines’® (for trans-
plant recipients). The WHO guidelines’ focus on CM treat-
ment and care in resource-limited settings with no comment
on pulmonary cryptococcosis.

Overall, similar treatment regimens are recommended for
C. neoformans and C. gattii pulmonary disease. Asymptomatic
or mild to moderate pulmonary cryptococcosis may be
treated with 400 to 800 mg fluconazole daily for 6 to
12 months, while those with severe symptoms, diffuse in-
filtrates on imaging, or with concomitant CNS disease should
be treated as CNS disease. The latter includes induction
therapy with a combination of an amphotericin B formulation
and 5-flucytosine,”® followed by a period of consolidation and
maintenance with oral fluconazole. Patients intolerant of
fluconazole may be given itraconazole 200 to 400 mg/day,
though there is growing experience with the use of posaco-
nazole® and voriconazole.?’

Adjunctive Therapy for Pulmonary Cryptococcosis
Surgical resection should be considered in those with persis-
tent symptoms despite therapy and those with very large
pulmonary cryptococcomas (> 5 cm), particularly in the
presence of a mass effect.

There have been two randomized studies of exoge-
nous IFN-y as adjuvant therapy in the setting of CM but none
in pulmonary cryptococcosis. Exogenous IFN-y showed no
impact on mortality but was associated with faster rate of CSF
fungal clearance.?? So far, this is not yet widely recommended
as an adjuvant in CM. There is no evidence to support its use in
isolated pulmonary cryptococcosis.

82,83

Specific Conditions

HIV Infection
Access to 5-flucytosine and amphotericin remains a major
obstacle to providing the best CM management internation-
ally. Research in many resource-limited settings has focused
on high-dose induction therapy with fluconazole as an
alternative treatment strategy.348°

The timing of antiretroviral therapy (ART) commencement
in the setting of any newly diagnosed opportunistic infection
must balance the risk of immune reconstitution inflammato-
ry syndrome (IRIS) with early ART commencement against

the ongoing risk of CM and other coinfections with late
commencement. Early ART commencement (within 10 days
of CM diagnosis) has been associated with increased mortality
in randomized controlled studies.86-88 Equally, delay of ART
prolongs the duration of immunodeficiency and may result in
losses in follow-up, particularly in resource-limited settings.
These considerations mean that clinical judgment and individ-
ualized care are necessary.®®> While the timing of ART com-
mencement has not been specifically studied in isolated lung
cryptococcosis, delay in its commencement is unlikely to be
necessary.

Transplant Recipients

The American Transplant Society guidelines emphasizes that
all Cryptococcus spp. may be pathogenic in transplant recip-
ients.”® Donor-derived cryptococcosis should be considered
in any of the following scenarios: (1) Cryptococcus is demon-
strated histologically or cultured at the surgical or graft site;
(2) cryptococcosis is documented at any body site within
30 days after transplant, particularly outside the lung and
CNS; or (3) cryptococcal disease is diagnosed in more than
one recipient from a single donor.”® While reduction in
immunosuppressive therapy is important, rapid reduction
should be avoided particularly with regard to corticosteroids
to minimize risk of IRIS.”®

Pregnancy

Clinical judgment is especially important in the management
of pregnant patients, as safe therapeutic options are limited. It
may be reasonable to withhold antifungals till postpregnancy
in those with very mild pulmonary cryptococcal disease,
while monitoring progress and/or attempt to delay flucona-
zole therapy until at least after the first trimester.”®

Children

There are no prospective clinical trials in children with
cryptococcosis. The IDSA guidelines’® recommend flucona-
zole 6 to 12 mg/kg/day orally for 6 to 12 months in children
with cryptococcal pneumonia.

Methamphetamine

Recent murine studies demonstrate that methamphetamine
administration in experimental murine infection accelerates
time to death, promotes C. neoformans dissemination from
the respiratory tract to the brain, and stimulates cryptococcal
adhesion, GXM release, and biofilm formation in the lungs.
While this has not been studied in humans, this suggests
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patients using methamphetamine may be at increased risk of
pulmonary cryptococcosis and disseminated disease.

Patient Suitability as Organ Donor

Transmission of cryptococcosis via organ transplantation has
been reported.34 Potential donors with untreated cryptococ
cal disease are not recommended for organ donation because
of the high risk of transmission to the recipient.”® The
suitability of potential donors currently receiving antifungal
treatment for cryptococcal disease should be evaluated on an
individual basis—evidence of mycological eradication is pre-
ferred.”® Potential donors with unexplained neurological
symptoms should be evaluated for cryptococcosis.

Suitability of Patients with Cryptococcosis for Organ
Transplantation

Patients treated for cryptococcal disease have undergone
successful autologous and allogeneic stem cell transplanta-
tion 1 to 10 months after diagnosis of cryptococcosis®' and
should not be excluded for consideration for solid-organ or
stem cell transplantation.

Preventing Cryptococcosis

Preventing exposure to cryptococcosis is impractical in
endemic regions. There is good randomized controlled trial
evidence for the use of fluconazole,’?%3 or as second line,
itraconazole®® 200 mg daily, as primary prophylaxis in
HIV-infected patients with low CD4 T cell counts; however,
uptake of this practice has been poor globally. There have
been no studies on the use of fluconazole as primary
prevention in other high-risk groups such as transplant
recipients or in the setting of a health-care-associated
outbreak.

Cryptococcosis-Associated Immune Reconstitution
Inflammatory Syndrome

Cryptococcosis-associated immune reconstitution inflammato-
ry syndrome (CIRIS) presents as clinical worsening or new
presentation of cryptococcal disease due to a dysfunctional
immune response. It typically occurs soon after ART (antiretro-
viral therapy) commencement, but has been reported after
reduction of immunosuppressive therapy in transplant recipi-
ents.”>% While the manifestations of CIRIS vary with the organs
involved, these are most severe when they occur in the CNS. The
strongest predictors of risk for IRIS include a lower CD4+ T-cell
count and active or subclinical opportunistic infection or anti-
gens,”’~2 but other host, pathogen, and immune factors have
been recognized. There are two forms of G-IRIS: “Unmasking C-
IRIS,” where a patient not previously known to have cryptococcal
disease experiences a new episode of cryptococcal infection after
ART commencement, and “paradoxical GIRIS,” where a patient
has been adequately treated for cryptococcosis and re-presents
with a flare of cryptococcal-like symptoms after commencement
of ART.'®’ The proposed case definitions for paradoxical C-IRIS,
cART-associated cryptococcosis, and unmasking C-IRIS have
been published by Haddow et al.'% The immunopathogenesis
and recent advances in understanding C-IRIS are reviewed by
Chang et al.'"!

Seminars in Respiratory and Critical Care Medicine  Vol. 36 No. 5/2015

Research Gaps

Little clinical research has been undertaken in patients with
isolated pulmonary cryptococcosis, although earlier recogni-
tion and management of this entity should reduce risk of
dissemination. Performance of large seroprevalence studies
in endemic areas, development of improved staining proce-
dures and molecular methods for cryptococcal detection in
respiratory specimens, genome sequencing of cryptococcal
isolates, and longitudinal studies on optimal antifungal du-
ration and time to radiological resolution are all avenues to
pursue. There is no current test of cure for cryptococcosis. To
improve outcomes, detailed human immunopathological
studies of the lung compartment should include not only
antigen-specific T-cell immunity and interferon-y production
but also innate immunity, including the role of macrophages
and an understanding of the constituents, process, and role of
granuloma formation. Recognition that the at-risk group for
cryptococcosis is increasingly broad should stimulate studies
identifying environmental “hotspots” and risk activities to
inform preventative strategies.

Conclusion

Pulmonary cryptococcosis is under-recognized in both re-
source-limited and resource-rich settings, particularly in
apparently immunocompetent hosts. An eminently treatable
disease, early diagnosis of pulmonary cryptococcosis should
prevent further dissemination to its more lethal forms of CNS
involvement. Imaging and tissue sampling for histological
examination are important diagnostic adjuncts. More re-
searches focusing on the pathogenesis, epidemiology, and
clinical manifestations and treatment of pulmonary crypto-
coccosis are needed.
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