
Pulmonary Cryptococcosis 
Pathophysiological and Clinical 
Characteristics 

MIRIAM L. CAMERON and JOHN R. PERFECT 

1. INTRODUCfION 

15 

Cryptococcus neoformans is an encapsulated yeast that has become a significant 
human pathogen in our enlarging population of immunocompromised hosts. 
The yeast was originally isolated by Sanfelice in 1894 from peachjuice,l but its 
role as a human pathogen was described soon after in 1894-1895 (Buschke and 
Busse) from a bone lesion.2,3 C. neoformans mayaiso be a pulmonary pathogen in 
other mammals and even the bottle-nosed dolphin is not safe from a pulmonary 
infection.4 Since its discovery, C. neoformans has been a consistent cause of invasive 
mycoses, but with the advent of iatrogenic immunosuppression (glucocorticoids, 
cancer chemotherapeutic agents, anti-trans plant rejection therapeutics),5,6 and 
with the appearance of the acquired immunodeficiency syndrome (AIDS) during 
the past 10 years,7-1O this particular fungal infection has mushroomed into a 
common clinical problem. 

C. neoformans is ubiquitous in nature worldwidell- 15 hence, compared to 
certain endemie mycoses, such as Histoplasma, Blastomyces, and Coccidioides, 
epidemiologie and travel histories are less relevant to diagnosis, although expo
sure to bird (pigeon) excreta, which carries a high burden of organisms, has been 
implicated in some patients such as pigeon breeders.I6-18 In addition, pulmonary 
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cryptococcosis has been described in a bagpipe player with yeast contamination 
of his instrument.19 Experimentally, pigeon excreta and the surrounding dust 
have been aerosolized and found to contain yeast forms of C. neoformans in small 
enough partide size of 1-5.5 11M to allow deposition in alveoli.2o-22 Various soil 
sites in nature have been found to contain the yeasts. 23.24 Recently, Ellis et al. have 
found that Cryptococcus neo formans var gatti strains (serotype B/C) have been found 
associated with Eucalyptus camaldulensis trees (Red River gum) in Australia.25.26 
These investigators have even identified structures that may be basidiospores in 
the flower of these trees and postulate that the shedding of this fungus may be 
interrelated to the flowering mechanism ofthe tree. Although the more common 
C. neoformans var neoformans (serotype AID) yeasts have been isolated from soil 
specimens and animals, and may even asymptomatically colonize the human 
respiratory tree,27.28 it is speculated that the natural reservoir for this variety of 
yeasts might reside in some type of flowering grasses. The yeasts could then be 
picked up by animals or birds feeding on these plants and spread into the 
environment through their feces or guano. The human host generally acquires C. 
neoformans infection via inhalation of aerosolized yeasts from these excreta or the 
surrounding soiI.21.22.29 This inhalation leads typically to an inapparent pulmon
ary infection in the immune competent hosts. On the other hand, this infection 
can lead to widespread dissemination, particularly into the subarachnoid space, 
even in apparently normal hosts. Another route of infection indudes a few well
documented case reports of accidental percutaneous inoculation.3°.31 In most 
cases, however, skin lesions containing C. neoformans represent dissemination 
to the skin from a pulmonary infection, or an established and active subarachnoid 
infection. As the usual site of entry for C. neoformans, the lungs play a major role 
in the pathogenesis and treatment outcome of C. neoformans infection. This 
chapter focuses specifically on the various aspects related to pathogenesis and 
treatment of cryptococcosis at this site. 

2.0RGANISM 

C. neoformans is a saprobic fungus found in nature in an asexual, haploid 
yeast phase generally considered to be the infectious form. A sexual stage, Filo
basidiella neoformans, indudes alpha- and a mating-type yeasts which, under 
certain environmental conditions and physical proximity, can mate, produce 
damp connections and true hyphae, and then form basidiospores on the ends of 
these hyphae.32 Once detached, basidiospores will morphologically change to 
sm all yeasts within hours, while growing on routine culture media. This life cyde 
has been reproduced in vitro but has not been convincingly found in vivo, 
although recent work with the eucalyptus tree encouraged researchers that the 
perfect state may have been seen in nature. 26 

The value of this life cyde and the ability to undergo meiosis has two 
potentially important aspects. First, this pathogenic yeast can be studied both on a 
molecular and genetic basis. The use of meiosis is an extremely valuable genetic 
tool,33 and potentially makes it a beuer fungal pathogen model to study molecu-
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lar mechanisms than the common diploid, asexual pathogen, Candida albicans. 
Second, the basidiospores produced by these sexual structures appear ideal as 
aerosol infectious agents.34 The basidiospore is a I-211m ovoid shaped spore that 
could easily be inhaled as an infectious agent. Serious challenges to the basidio
spore as the infectious agent are (I) more than 90% of the C. neoformans isolates 
from elinical pulmonary infections are mating-type alpha,35 and (2) these basidio
spores have not been readily found in nature. If the basidiospore was an infectious 
agent by simple Mendelian characteristics, the number of mating-type alpha and 
mating-type a infections should be approximately 50% each. It is possible, 
however, that the mating-type alpha locus contains some virulence factors that 
allow it to express infection better than the mating-type a locus, and there is some 
recent genetic support that mating-type alpha locus and/or genes in elose prox
imity may be associated with virulence,36 On the other hand, even in nature, the 
vast majority of isolates are mating-type alpha.35 Therefore, at this time most 
investigators believe that the infectious form of C. neoformans is a poorly encapsu
lated yeast measuring 1-5 11m in diameter, whieh is inhaled and deposited in the 
alveolus. 

The yeast body itself generally measures 4-6 11m in diameter in vitro, but in 
host tissue and in vitro cultures under certain conditions, the yeast will form a 
polysaccharide capsule that measures from 1-30 11m in width. There is strain 
variation in size of the capsule and although its presence is a major virulence 
factor, the direct measurement of capsule size is not.37 For example, acapsular or 
hypocapsular mutants have been isolated from patients with human immuno
deficiency virus-I (HIV-I) infection du ring cryptococcosis.38,39 These findings 
suggest that during a severe, persistent, immune depressive state, capsule regula
tion may be less important than certain host factors. However, the polysaccharide 
capsule remains an extremely important virulence factor, is a taxonomic feature, 
and also aids in the diagnosis of infection by its detection in various body fluids. 
The biochemistry of the glucuronoxylomannan polysaccharide capsule structure 
has been weIl studied and its variable characteristics used for serotyping.4O-43 

There are two varieties of the yeast, C. neoformans var. neoformans (serotype 
A or D) and C. neoformans var. gattii (serotype B or C). These two varieties are 
distinct by both DNA homology studies44 and biochemieal assays and karyotyp
ing.45 C. neoformans var. neoformans is the most common elinical variety worldwide, 
and is recovered often in both immunocompromised and immunocompetent 
hosts. The vast majority of AIDS patients (> 95%) are infected with this vari
ety.46-48 On the other band, C. neoformans var. gattii is more geographically bound 
and is found in infections from Australia, Southern California, Southeast Asia, 
and Central Aftica.49,50 C. neoformans var gattii infection may occur years after 
living or traveling in an endemie area.5l,52 It appears to cause disease in immuno
competent hosts over immune deficient ones,5l,53 and may have a higher propen
sity for invading the brain parenchyma rather than the subarachnoid space and 
may be more difficult to treat,53 but comparative studies are needed to ensure the 
validity of these pathogenie concepts. Interestingly, even in areas of high AIDS 
prevalence, such as Southern California, serotypes A and D are almost exelusively 
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isolated from patients even though Band C serotypes exist in the· environ
ment.47.48 The differences and similarities in pathobiology and molecular under
standing of these two varieties of cryptococcus remain interesting investigational 
subjects. 

Studies have shown that virulence factors can be identified that allow various 
strains of C. neoformans to vary in their ability to cause infection. Some factors have 
been identified and others remain to be discovered. The polysaccharide capsule is 
known to inhibit phagocytosis of the yeast,54 and generally its presence is needed 
to cause disease. Even this primary virulence factor cannot, however, explain the 
reports that nonpathogenic, acapsular strains have apparently been isolated from 
immunocompetent hosts and immunocompromised hosts, induding AIDS pa
tients with cryptococcosis.38.55-58 In addition, there are species of cryptococci 
other than C. neoformans with capsules that are not pathogenic. Therefore, other 
factors are likely essential to produce disease through a dynamic relationship with 
host responses. Several yeast enzymes induding proteases59 and 3,4-dihydroxy
phenylalanine-phenoloxidase60.61 have been suggested as virulence factors. The 
importance of the phenoloxidase system for virulence has been the best stud
ied.60.61 Strains producing increased amounts of phenoloxidase activity are more 
infectious to mice than those producing lesser amounts; mutants that lack 
phenol oxidase activity are avirulent. 

The genetics of this organism have been successfully used to study certain 
characteristics, induding gene analysis and linkages with the phenoloxidase 
phenotype and capsular genes, respectively.33.60.61 With present molecular biolog
ical approaches and a proven genetic system, the potential exists for determining 
specific antifungal targets for directed chemotherapies. A basic molecular foun
dation for C. neoformans is being developed. Ribosomal DNA genes have been 
cloned62 and restriction fragment polymorphisms between different species in 
their rDNA have been used to determine the relationship between various 
cryptococcal species.63 Molecular epidemiological studies can be performed 
using either mitochondrial DNA polymorphism64 or differences in strain karyo
types using pulsed-field electrophoresis.45 Two transformation schemes have now 
been designed to allow transfer of DNA into C. neoformans65•66 and a variety of 
genes have been doned and sequenced.65.67.68 Therefore, this organism has the 
potential to be the prototype fungus to study for the molecular determinants of 
the host-fungus interactions. 

C. neoformans is easy to isolate in culture on routine bacteriologic and 
mycologic media, usually within a week of inoculation of body fluids (blood, 
cerebrospinal fluid, urine, etc.) or tissue onto the media. The yeast grows at 
37°C in air. The phenoloxidase enzyme that converts phenolic compounds to 
melanin can be used to help identify the organism. On media containing 3,4-
dihydroxycinnamic acid (caffeic acid plates, bird-seed agar), the phenoloxidase 
oxidizes the O-diphenol to produce dark or black colonies.69 This is particularly 
useful in mixed flora cultures such as sputum or environmental sampies. It is also 
helpful to have the laboratory save sputum culture plates for several extra days in 
high-risk patients to allow time for identification of the C. neoformans isolates, 
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whieh may be missed if plates are routinely discarded after 48 hr. Identification is 
also aided by India ink examination showing typical encapsulated budding yeast 
from direct specimens, and by a simple measuring of urease production by the 
isolated yeasts. 

Although the focus of this chapter is Cryptococcus neoformans, other crypto
coccal species have been known to produce pulmonary infections. Both Cryptococ
cus albidus70 and Cryptococcus laurenti71 ,72 have been reported to cause invasive 
infection in the lung. These cases are rare reports and therefore, further consid
eration of these cryptococcal species are not made in this discussion. 

3. HOST DEFENSES 

The pathological description of human pulmonary cryptococcosis has been 
weIl described in the textbook by Littman and Zimmerman. 29 Gross examination 
of lung can vary from a diffuse pneumonia to a smaIllocalized nodule only found 
at autopsy. There is generally an inverse relationship between numbers of host 
cells and yeast seen within tissue. This is also typical of other areas of the body 
such as the subarachnoid space. The smaller granulomas of the lung are seen in 
the periphery or subpleurallocation with an abundant and typical granuloma
tous reaction. Larger lesions generally do not form a fibrous encapsulation like a 
tuberculoma and there is little tissue necrosis or microabscess formation as seen 
with the endemie mycoses. Exceptions will occur, however, and fibrocaseous 
lesions have been observed. The organisms can be seen with periodie acid-schiff 
(PAS), methenamine silver, alcian blue, or mucicarmine stains, and polysac
charide material may be identified scattered throughout the cytoplasm of macro
phages with or without ingested yeasts.29,73 Acapsular strains of C. neoformans may 
be visualized using a Fontana-Masson stain.56 In an individual with a severelY 
depressed immune system, mieroscopie examination of the lung tissue may reveal 
clusters of yeasts, packing the alveolar spaces with only a few host cells pres
ent.74,75 

It has previously been suggested that a poorly encapsulated yeast form 
rather than a basidiospore is the first infectious form the pulmonary immune 
system must attack. Although there are no studies in humans, in mice, intranasal 
colonization can occur with C. neoformans weeks or months prior to the develop
ment of infection of the lung.76 The bronchoalveolar fluid would be the next 
site of in vivo exposure for these yeasts; in our experience with bronchoalveolar 
lavage fluids from rabbits, this fluid does not normally contain potent anticrypto
coccal activity (unpublished data). Therefore, except for the physical removal of 
yeast particles by the ciliated epithelial cells in the airway and thus limitation of 
particle or propagule size to below 10 ,...m, the first line of defense against the 
inhaled yeast is the alveolar macrophages. There have been aseries of studies on 
the interaction of C. neoformans and alveolar macrophages. Rat alveolar macro
phages have been shown to ingest and kill C. neoformans in the absence of serum. 77 

This is likely an important feature of these cells, whieh are exposed to limited 
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complement and immunoglobulins in the alveolar fluid. However, C. neoformans 
has developed important survival adaptations as it reaches the lung tissue. It has 
been shown that capsule size of C. neoformans is regulated by ambient pC02 
concentrations.78 At environmental CO2 concentrations, most C. neoformans pos
sess small capsules, however, as the pC02 tension increases to concentrations 
found in lung tissue, the capsule size is dramatically increased. Since the capsule 
is a protective armor against phagocytosis and intracellular killing by host cells, 
this regulation of capsular synthesis appears to be a survival mechanism for the 
yeast. On the other hand, recent studies suggest that murine alveolar macro
phages may be more efficient at killing the more heavily encapsulated yeasts, 
compared to the hypocapsular strains via nonoxidative mechanisms.79 This 
appears to be a paradoxical situation compared to other areas of the body where 
the capsule is protective. This selective killing by the normal alveolar macro
phages may result in elimination of the majority of the infectious inoculum, 
particularly the large extracellular yeasts, but a few of the poorly encapsulated 
yeasts within the inoculum may be easily ingested by the phagocytes, and not 
killed. These yeasts would then be part of a pulmonary lymph node complex and 
remain dormant in a so-called persistent state until reactivation and dissemina
tion of infection occur when the protective immune system is abrogated. It is 
likely from both pathological and clinical descriptions that C. neoformans, like H. 
capsulatum and M. tuberculosis, forms lymph node complexes where organisms 
remain dormant without producing immediate disease until reactivation oc
curs.80,8l 

The specific macrophage-Cryptococcus neoformans interaction has been weH 
studied in vitro. It is likely that there is both an extracellular fungistasis mecha
nism, which requires both macrophage mobility and direct contact with the yeast, 
and a second intracellular killing mechanism,s2 Tissue macrophages and mono
cytes from rodents generally require astate of activation by the addition of 
biological modifiers such as INF-')' and endotoxin for fungistasis and fungicidal 
activities.83,84 These biological activators have also been shown to improve the 
anticryptococcal activity of rat alveolar macrophages,77 but these results appear 
species specific. In rabbits and humans, resident alveolar macrophages do not 
require activation for their anticryptococcal activity85,86 (Lee-See, personal com
munication). This may partially explain the relative resistance to cryptococcal 
infections in these two species where the resident alveolar cells appear primed to 
inhibit growth of C. neoformans. Rabbit alveolar macrophages exhibit exquisite 
fungistasis against C. neoformans in vitro. Macrophage mobility stimulated by a 
serum component appears to be required for fungistasis to occur (Lee-See, 
personal communication). Human alveolar macrophages mediate fungistasis in 
vitro independent of endotoxin and INF-')',s5,86 In fact, the combination of 
endotoxin and INF-')' actually inhibits human alveolar macrophage-mediated 
fungistasis, though endotoxin or INF-')' alone have no effect on human alveolar 
macrophage-mediated fungistasis. 86 Yet, in a similar in vitro system, INF-')' ap
pears to have a dual effect on human alveolar macrophage-mediated fungistasis, 
by decreasing the rate of phagocytosis, while inducing cytolytic activity against 
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intracellular yeasts.87 Overall, these two effects had no impact on human alveolar 
macrophage-mediated fungistasis as measured in vitro. The mechanism of these 
effects is unknown, though INF-'Y may inhibit complement receptor 1 (CRl) yet 
appears to have no effect on complement receptors 3 (CR3) or 4.87 C. neoformans is 
thought to bind to mononuclear phagocytes via CR3.88 The polysaccharide 
capsule of the yeasts stimulates the alternate complement pathway, leading to 
iC3b deposition on the yeast surface and then to subsequent binding and inges
tion of the yeast via iC3b-CR3 interactions.89,90 Hence, the mechanism by which 
endotoxin plus INF-'Y inhibit human alveolar macrophage-mediated fungistasis 
remains unknown; the specific pathways for fungistasis and fungicidal activity of 
alveolar macrophages also remain unclear. It is likely that there is more than one 
pathway. The recently described L-arginine-dependent nitrogen oxidation sys
tem required for murine macrophage-mediated fungistasis84 has not been found 
in human alveolar macrophages.86 In fact, human alveolar macrophages, peri
toneal macrophages, and blood monocytes operate their fungistasis via a mecha
nism independent of L-arginine nitrogen oxidation.86 Further studies in this 
area of human alveolar macrophage biology with cell components such as 
defensins91 are needed, as this cell has demonstrated potent intracellular fungi
stasis and probably some intracellular killing as measured in vitro. 86 

Some in vitro studies have been done examining the effect of HIV infection 
on human mononuclear phagocyte (alveolar macrophage, peritoneal macro
phage, blood monocyte) mediated anticryptococcal activity. In vitro inoculation of 
human mononuclear phagocytes with monocytotropic HIV-I strain BaL dirn in
ishes the anticryptococcal activity of peritoneal macrophages and monocytes.92,93 
In contrast, alveolar macrophages retain anticryptococcal activity, and appear less 
sensitive to HIV infection.94 Mononuclear phagocytes may be a reservoir of HIV 
in vivo,95-99 hence, alteration of mononuclear phagocyte function including 
anticryptococcal activity conceivably could occur in vivo. Because alveolar macro
phages inoculated in vitro with HIV retain normal anticryptococcal activity as 
measured in vitro, the question of the roles of other immune effector cells in 
mediating acquired immunity for antifungal function in the lung is again raised. 
Two possibilities exist. First, other cell types, including natural killer (NK) cells,lOo 
cytotoxic T cells, CD4lymphocytes,IOI and neutrophils lO2 may be required in vivo. 
Clearly, CD4lymphocytes are affected by in vivo HIV infection. 103 Other immune 
effector cells such as cytotoxic T cells can also be affected by HIV infection. 104,105 
Second, mononuclear phagocytes from different tissue sites may have different 
susceptibilities to HIV infection.I°6 In vitro HIV inoculation of monocytes and 
peritoneal macrophages has shown a difference in susceptibility in viral expres
sion.I°6 Thus, it is possible that alveolar macrophages in patients seropositive for 
HIV may function normally against cryptococci, but the presence of dysfunc
tional CD4 lymphocytes could lead to cryptococci escape from the lungs into the 
blood and central nervous system where blood monocytes, other forms of tissue 
macrophages, or other types of inflammatory cells are inadequate in controlling 
cryptococcal infection. Supporting data for this theory is that patients without 
AIDS who have cryptococcal meningitis but minimal to no inflammatory re-
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sponse as measured by cerebrospinal fluid studies have an extremely poor prog
nosis because of cryptococcal disease,l°7,108 

Despite the consistent anticryptococcal activity measured in vitro, studies 
show that alveolar macrophages do not provide efficient killing of C. neoformans 
and that other lung celIs are also essential for eradication or suppression of 
infection in the lung. It is also important to note that in the host there is adynamie 
turnover of cells with freedom of mobility, and interaction with other cell types, 
including cytotoxic T ceIls, NK ceIls, and polymorphonuclear cells in the inflam
matory milieu, which cannot be duplicated by in vitro studies. The quantitative 
inflammatory response is difficult to reproduce in vitro, but may be an essential 
component of the successful immune response in the lung. For example, the 
initial natural immunity to a large inoculum of yeasts in the lung may even 
require polymorphonuclear ceUs in the response. Although not primarily consid
ered a major host ceU in this infection, the neutrophil has been shown to have 
potent anticryptococcal activity in vitro by both oxidative and nonoxidative mech
anisms.91,102 In C5 deficient mice with increased susceptibility to C. neoformans,109 
the inability to make the powerful chemoattractant C5a for polymorphonuclear 
ceHs and macrophages may illustrate that a large quantity of these ceUs may be an 
important part of the successful immune reaction. Murine NK ceUs have been 
shown to possess anticryptococcal activitylOO but when relative importance for the 
immune response within the lung was examined, there was litde effect of murine 
NK ceUs on the pulmonary infection.110 Human NK ceUs have been shown to 
inhibit C. neoformans growth in vitro in the presence of specific antieapsular 
antibody but have minimal inhibitory effect in the absence of antibody.lll Local 
antibody production has not been detected in pulmonary cryptococcosis, hence 
the role of NK ceUs in pulmonary infection is probably minimal. It has also been 
shown that CD8 (cytotoxic T ceHs) are important in the clearance of C. neoformans 
from murine lungs.1l2,l13 CD8 ceHs may be crucial in recruiting effector ceUs 
or may help in lysing unactivated macrophages to release yeasts so they can be 
killed by activated ceUs. 

Clinieal and pathological studies suggest that the majority of pulmonary 
infections are subclinieal and that most disseminated disease occurs from reacti
vated infections. The biology of the yeast that remains in this persistent state 
within the lung remains a fascinating and poorly understood phenomenon. On 
the other hand, we have begun to identify important immune ceUs, in our 
acquired immunity, whieh apparently keep these yeasts in their dormant or 
persistent state, and thus, likely localized within the lung. During the HIV 
epidemie, it has been observed that as the CD4 count of the host drops during 
infection below 200 ceUs/I.l.I, the risk of a disseminated cryptococcal infection rises 
significantly.103 Alveolar macrophages from HIV-seropositive patents exhibit 
enhanced accessory ceH function, which may lead to depletion of CD4 cells from 
the lung,l14 These data suggest that the CD4 ceU is a crucial ceU in the mainte
nance mechanism(s) whieh limits C. neoformans infection to the lung. Well
controlled animal studies have supported this concept. The CD4 subset of lym
phocytes was depleted from mice by treating them with a monoclonal antibody to 
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these cells. After intratracheal inoculation of C. neoformans, dissemination from 
the lung to other organs occurred earlier and the burden of organisms in extra
pulmonary tissue was greater in the CD4 depleted mice compared to controls, 
despite similar levels of organisms in the lung tissue in both groups.l0l,1l2,1l3 Both 
the animal and human findings make it clear that the CD4 cell is an essential host 
cell in preventing C. neoformans from escaping to extrapulmonary sites. 

Although humoral immunity, including both certain complement compo
nentsll5 and antibodies, 116,l17 can influence phagocytosis of C. neoformans and may 
be helpful in eradicating infection, there remains controversial proof of their 
worth in the inflammatory reaction to the primary or reactivation pulmonary C. 
neoformans infection. Murine macrophages require a macromolecular component 
in serum in addition to L-arginine to mediate fungistasis.l 18 Human mono
nuclear phagocytes also require serum to mediate fungistasis in vitro.85,86,1l9 Yet, 
human serum depleted of complement by heating to 56°C for 30 min is still able 
to support human alveolar mediated fungistasis,86 hence the role of complement 
is unclear. Nevertheless, the polysaccharide capsule does activate the alternate 
complement pathway leading to iC3b deposition on the yeast surface.90 This 
allows binding of the yeasts to the CR3 receptor on mononuclear phagocytes. The 
role of antibodies in the inflammatory response to C. neoformans is even more 
murky. We have shown no improvement in human macrophage mediated fungi
stasis,85 yet other groups have shown that anticryptococcal capsule antibody may 
enhance fungistasis or killing of certain strains of C. neoformans . 78,82,120 Clinically, 
the role of complement components and antibodies is also unclear. Patients with 
known complement deficiencies have not been reported to develop cryptococcal 
infection, although C5-deficient mice are more susceptible.l°9 Patients withJob's 
syndrome, hyperimmunoglobulin E, may have an increased incidence of cryp
tococcal infection,121,122 and hypogammaglobulinemia has been seen in a patient 
with cryptococcosis.123 

The animal models in cryptococcosis have been helpful in defining the 
importance of certain host factors. There are several murine genetic immune 
defect models, .including C5 deficient, nude, and beige mice,109,124 which are 
more susceptible to overwhelming infection with C. neoformans. These results 
suggest that certain complement components, NK cells and an intact T-cell 
immune system are important to successful immunity from this infection, both 
at the pulmonary level and in other body sites. An excellent animal model of 
pulmonary cryptococcosis in rats and guinea pigs examined the effect of steroids 
on this infection.l25 These experiments showed that sublethai doses of C. neofor
mans could be harbored asymptomatically in animals infected in the pulmonary 
tree; these latently infected animals are administered cortisone. Cortisone-treated 
animals developed extensive extrapulmonary cryptococcosis and died. Clinical 
experience in humans suggests that pharmacologic doses of corticosteroids can 
produce the same effects and these agents have become a second major factor in 
the presentation of cryptococcosis along with HIV infection.27,126-131 In addition, 
patients with endogenous glucocorticoid excess, Cushing's syndrome, also have a 
predilection for pulmonary cryptococcosis, with or without dissemination.132 
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There are several other important concepts regarding the yeast when consid
ering host immune defenses. First, it should be emphasized that in most of the 
immunological studies on the pulmonary defenses, there is generally a difference 
between various strains in their ability to be killed by host cells. The phenotypes of 
these strains is not explained by capsule size, and further molecular and bio
chemical work with the yeast is needed to determine characteristics that may 
make some C. neoformans strains intrinsically more invasive into lung tissue. 
Second, it is now also possible to determine if a patient can be coinfected with two 
different strains at the same time but at different locations, and whether reinfee
tion of the lung with a second strain can occur. Molecular karyotyping or various 
methods of DNA restriction fragment polymorphisms of clinical isolates generally 
gives unique strain differences, and can potentially be used to answer these 
epidemiological questions. 

4. CLINICAL PRESENTATIONS 

C. neoformans infection in the normal immunocompetent host tends to be 10-
calized to the lung,133 but in the immunocompromised host dissemination to 
other sites frequently occurs without clinical evidence of the initial pulmonary 
site, for instance, meningitis, cryptococcemia, and multiorgan system involvement, 
including the eyes, heart, liver, spleen, bone, urinary tract and skin.l6,29,51,133-144 
Cryptococcal disease occurs more frequently in Caucasian adult males than in 
other population groups.133 This is consistent with animal studies where males are 
more predisposed to infection, but there have been no known hormonal receptors 
on this yeast found to explain the predilection. Occupational and recreational 
exposures have been postulated as the reason for this epidemiology, but no 
definitive proof exists. With the present HIV epidemie in Africa and the Amer
icas, the increased numbers ofinfection in blacks has risen dramatically. Unques
tionably, HIV infection has had the greatest impact on clinical epidemiology of 
cryptococcosis since its discovery a century ago. Another interesting and unex
plained observation is the infrequent reporting of cryptococcosis in children.145 A 
recent report, however, of pulmonary cryptococcal nodules in children with 
sarcomas suggests that certain underlying diseases in this age group may predis
pose to this infection.146 

Pulmonary cryptococcosis has different clinical presentations, treatments, 
and outcomes depending on whether the host is immunocompetent or immuno
compromised and therefore each group is discussed separately. 

4.1. Immunocompetent Host 

Hundreds of cases of pulmonary cryptococcosis have been described in the 
medicalliterature,12,27,126,145,147-161 but Campbell's comprehensive review of the 
English literature in 1965 remains the most complete description of primary 
pulmonary cryptococcosis.l49 In this review, only 11 ofthe 101 patients described 
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had underlying diseases such as malignancy, diabetes, tuberculosis, alveolar pro
teinosis, and pemphigus vulgaris. Campbell's review would suggest that primary 
pulmonary cryptococcosis in the immunocompetent host may present asympto
matically in 32%. For example, it may be discovered through an abnormal finding 
on a ehest radiograph taken for other reasons. The majority of patients described, 
however, do present with symptoms including cough 54%, ehest pain 46%, spu
tum production 32%, weight loss and fever 26% each, and hemoptysis 18%. 
Other presentations including dyspnea, night sweats, and superior vena cava 
obstruction are rarer.51,162 Several unusual presentations have been reported. A 
case report of "allergie" cryptococcal pneumonia characterized by urticaria, 
hypotension, and dyspnea has also been described.163 Cryptococcal pneumonia 
has presented with similar findings to a Pancoast's tumorl64 and even develop
ment ofbronchiolitis obliterans-organizing pneumonia has been implicated with 
a cryptococcal infection.I65 Pulmonary cryptococcosis in the immunocompetent 
host has also been found in conjunction with Mycobacterium tuberculosisl66-168 and 
pulmonary echinococcosis.169 In one case, pulmonary tuberculosis occurred 
years after lung resection for cryptococcosis.168 Cavitary pulmonary cryptococ
cosis has also been complicated by aspergilloma.150 Of course, the nature of these 
reported cases suggest a bias toward clinical manifestations. It remains likely, 
however, that the vast majority ofhuman pulmonary infections are asymptomatic 
or do not reach the clinician's attention. These silent clinical presentations are 
similar to cases of asymptomatic tuberculosis or histoplasmosis, but in many 
respects less observable. C. neoformans of the lung simply doesn't produce as much 
scar tissue or encapsulation as tuberculosis or add as much calcium to infected 
necrotic foci as histoplasmosis, and therefore it is radiographically silent. Also, the 
skin test has not been used as extensively as the PPD or histoplasma skin test to 
demonstrate the numbers of infected individuals.170-174 

Diagnosis of infection in immunocompetent hosts has been made ante 
mortem by lung biopsy, either excisional or incisional, for histopathology amll 
or culture, cytopathology, sputum culture, antigen testing, and by ehest X 
ray.73,74,170,175-185 Several series of cryptococcal pneumonia have shown asymp
tomatic colonization of the respiratory tree by C. neoformans.I48,158,160,186 This 
generally occurs in patients with an underlying lung disease such as chronic 
obstructive pulmonary disease and therefore a sputum culture positive for C. 
neoformans with a lack of clinical symptoms or consistent ehest radiograph find
ings needs to be interpreted carefully and may not always require therapy. In the 
normal host, C. neoformans generally does not disseminate, therefore blood 
cultures, urine cultures, cerebrospinal fluid (CSF) cultures, and serum or CSF 
cryptococcal polysaccharide antigens are usually negative. Nevertheless, it is our 
opinion that all patients with cryptococcal pneumonia and/or pulmonary coloni
zation should be evaluated for cryptococcal meningitis with a lumbar puncture 
because of the disease's propensity to invade the central nervous system, even in 
the absence of neurologie signs or symptoms.51,133 Other sites of dissemination 
found in patients with what was originally classified as pulmonary cryptococcosis 
include blood, bone, skin, and eyes.5,6,16,187,188 
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Radiographieally, C. neoformans pneumonia in the normal host may present 
with well-defined, nonealcified single or multiple lung nodules, indistinet to mass
like infiltrates, hilar and mediastinal lymphadenopathy, oeeasionally pleural 
effusions, and more rarely, eavitation.I47,151,155,17B,lBl,lB9-191 Single or multiple 
peripheral nodules are the most eommon radiographie findings and many of 
these infeetions are diseovered when the nodules are aspirated or removed to rule 
out malignaney.IB9 Aseries of ehest X rays are displayed in Figs. 1-3 to demon
strate the range of radiologie manifestations of pulmonary eryptocoeeosis. 

Other diagnostie tests are rarely useful in primary pulmonary eryptoeoecosis 
unless there is evidenee of subsequent dissemination. Oeeasionally, the serum 
eryptoeoeeal antigen is positive and it should always be assessed.I54,170,175,lB4,192 
There remains the importanee of an elevated serum eryptoeoeeal antigen in 
patients with apparent pulmonary disease alone. Aserum eryptocoeeal antigen 
of 1:8 or more with doeumented pulmonary involvement suggests to us a high 
burden of organisms in the lung and/or disseminated infeetion and would make 
us eonsider speeifie antifungal treatment. 

Whether treatment is indieated, and the most appropriate therapy to be used, 
are still subjeets of controversy for pulmonary eryptoeoecosis in the immunoeom
petent individual. Normal immunoeompetent hosts with single asymptomatie 
pulmonary nodules do not neeessarily need treatment. If the organism is viable in 
the lesion (i.e., eultures are positive), however, there is a eogent argument for 
relatively nontoxie oral therapy to potentially eliminate the yeast from the host as 
there is no assuranee that the patient will not become immunosuppressed in the 
future and thus be at risk for reaetivation and dissemination of infeetion. If the 
organism is seen on histopathology but eultures are negative, then it may be 
reasonable to withhold treatment beeause there is no proof that the organism is 
growing sufficiently to respond to antifungal ehemotherapy. Those patients with 
symptoms, multiple nodules, mass- or pseudotumor-like lesions, pleural effu
sions, or more extensive interstitial lung disease, probably deserve antifungal 
therapy. There have been multiple eases of pleural effusions eaused by C. 
neoformans.I91,193,194 Most ean be treated with antifungal agents without surgieal 
drainage, out there is always the eomplex ease where tube drainage has been 
eonsidered beneficiaI.l95 Prior to the development of amphotericin B, surgieal 
reseetion of pulmonary lesions was a main therapeutie modality.I96 It is rarely 
needed at the present, unless to aid in diagnosis by excisional biopsy, or in eases of 
large pseudotumor-like masses unresponsive to ehemotherapy;15B,lBB,197 however, 
sinee the pathophysiology suggests that a hilar lymph node eomplex exists,BO,Bl it 
is also unlikely that surgery alone on a mass or nodule ean completely eliminate 
the organism from the lung. We also remain uneonvineed that surgery, by itself, 
on the lung of a patient with pulmonary eryptoeoeeosis, predisposes to dissemi
nated disease.I9B 

Most studies of antieryptoeoeeal therapy have foeused on treatment of 
eryptoeoeeal meningitis, therefore, litde or no data is available coneerning the best 
treatment for primary pulmonary eryptoeoeeosis without evidenee of dissemina
tion. It is reasonable, however, to use the same drugs and doses as used for 
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Azole therapy may also be appropriate for cryptococcal pneumonia, based on 
therapy results for meningitis. Ketoconazole has been reported to successfully treat 
cryptococcal pneumonia in a few patients205 but is not successful in meningitis.206 
If ketoconazole is used, a reasonable dose is 400 mg orally per day for 3-6 months. 
Itraconazole is not available in all countries, but has been shown to have efficacy in 
cryptococcal meningitis and is likely to be successful in pneumonia.207-209 Flucon
azole has been used with increasing success to treat cryptococcal meningitis in 
immunocompromised patients, including those with AIDS.210-212 Although no 
substantial reports have been made concerning its use in the normal immuno
competent host with C. neoformans infection, it is reasonable to suggest efficacy. 
Recent data show ßuconazole is as efficacious as amphotericin B in the treatment 
of cryptococcal meningitis in patients with AIDS when used at a dose of at least 
400 mg orally per day.2I1 As with amphotericin B, the exact dose and duration of 
therapy are unknown, but it would be reasonable to use 200-400 mg ßuconazole 
orally per day for 3-6 months.210.213 Toxicity associated with ßuconazole is 
minimal and the value of oral therapy in patients with minimal symptoms cannot 
be underestimated. 

The prognosis for cryptococcal pneumonia in the normal host is excellent 
with or without therapy. Morbidity has occurred predominantly in patients with 
extensive disease, and after dissemination in patients with a relapse.29.196 Thus, 
some patients with primary pulmonary cryptococcosis can be observed with the 
expectation of a good outcome with or without therapy. The more aggressive 
clinician, however, will justify treating most patients with viable C. neoformans in 
pulmonary tissue.214 

4.2. Immunocompromised Host without HIV Infection 

Immunocompromised patients with cryptococcal pneumonia can have a 
completely different and more rapid clinical course than that seen in immuno
competent hosts. Though C. neoformans typically enters through the lungs, in the 
immunocompromised host it tends to disseminate to the central nervous system 
(CNS), hence patients normally present with a meningitis syndrome rather than a 
pulmonary syndrome. However, an overwhelming pneumonia with adult respira
tory distress syndrome126.159.215 can occur on initial presentation. High-risk im
munocompromised hosts for disseminated cryptococcosis include patients with 
human immunodeficiency virus (HIV) infection, cirrhosis, diabetes, Cushing's 
syndrome, sarcoidosis, leukemia, lymphoma, sickle cell disease, and treatment 
with glucocorticoids, as weIl as patients after organ transplantation.132-134.216-220 
Kerkering et al., in a classic article in 1981133 described pulmonary cryptococcosis 
in 41 patients, 34 of whom had an underlying immunocompromising condition 
other than HIV. Twenty-nine of these patients developed disseminated disease, 
but only one of the patients with disseminated disease was identified as immuno
competent. Unlike immunocompetent hosts who generally have an inapparent 
pneumonitis, 83% of the patients in Kerkering's series had constitutional symp
toms. The most common presenting symptoms were fever in 63%, malaise 61%, 
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HGURE 3. Chest roentgenogram exhibiting interstitial infiltrates in a patient with AIDS and 
cryptococcal pneumonia. 

cryptococcal meningitis. Amphotericin B 0.3-0.5 mg/kg intravenously per day 
has been a mainstay of therapy for cryptococcosis.108.199 The addition of flu
cytosine at 75-100 mg/kg orally per day in four divided dos es has allowed for use 
of a reduced amphotericin B dosage and shorter duration of therapy.108.200 If 
amphotericin B is used alone, probably 6-8 weeks of therapy are indicated. When 
flucytosine is used in conjunction with amphotericin B, 4-6 weeks of therapy 
should be adequate. 108 Therapy also needs to be tailored to clinical response and 
drug toxicity, which includes renal insufficiency, potassium and magnesium 
wasting from amphotericin B, and bone marrow suppression from flucyto
sine.201.202 Drug levels of ftucytosine should be maintained at 100 mg/dl or less, 
checked 2 hr after dosing.202 Flucytosine can also he used alone in cryptococcal 
pneumonia in the nonimmunocompromised host with a reasonable success 
rate,196.203.204 hut there remains concern ahout development of drug resistance 
if the hurden of organisms is high. 
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chest pain 44%, weight loss 37%, dyspnea 27%, night sweats 24%, cough 17%, 
hemoptysis and headache 7% each. The three patients in this series with head
ache at presentation and one patient without headache had concurrent crypto
coccal meningitis.133 

A definitive diagnosis was made in Kerkering's series by sputum culture, 
bronchoscopy, thoracentesis, open lung biopsy, and needle aspiration. Subsequent 
to diagnosis of pulmonary cryptococcosis, dissemination to the meninges oc
curred in 25 patients within 2-20 weeks after presentation. All of the patients 
had abnormal chest roentgenograms. The most common finding, in order of 
frequency, was alveolar or interstitial infiltrates followed by single- or multiple
coin lesions, masses, cavitary lesions and pleural effusions. In this artide it 
became dear that immunodeficient hosts require antifungal therapy.l33 Confu
sion may arise about who is induded as immunodeficient, but in general, it is 
probably safer to err on the side of overtreatment. 

The more controversial issue in this area is the best regimen for treatment of 
pneumonia in the immunocompromised host. First, acheck must be made for 
extrapulmonary sites of infection: CSF, blood, and urine cultures after prostatic 
massage, and a good skin exam. Although formal studies have never been 
performed for pulmonary infection in the immunocompromised patient, crypto
coccal meningitis has been extensively studied and retrospective reports suggest 
certain concepts. First, flucytosine should not be used alone because of the risk for 
development of drug resistance and thus failure or relapse.133 Amphotericin B 
remains the best characterized treatment and the addition of flucytosine shortens 
the course of treatment. It seems reasonable to use a 6-week course with doses 
previously mentioned in the section on the immunocompetent host. Judgment on 
longer primary courses will need to be made on an individual basis. Primary 
therapy with azole compounds in this group remains less characterized, and 
because of the azoles' fungistatic characteristics, it may require longer courses and 
theoretically could have higher relapse rates, although this possibility remains 
unproven. If azoles, ketoconazole or fluconazole, are used, a reasonable regimen 
should be 400 mg orally per day for at least 3-6 months. 

4.3. Immunocompromised Host as a Result of HIV Infection 

Cryptococcosis is an important opportunistic infection in patients with 
AIDS, occurring in 8_10%.7.8.221 Pulmonary cryptococcosis is less common than 
meningitis but weIl described. Pulmonary cryptococcosis in patients with HIV 
infection has slighter different manifestations than in other types of immuno
compromised hosts. We and others have described small series of pulmonary 
cryptococcosis in patients with AIDS.219.222-225 In one series of pulmonary 
manifestations of AIDS, C. neoformans was the implicated pathogen in approx
imately 10% ofthe cases.226 Combining three similar small series of cryptococcal 
pneumonia in patients with AIDS leads to some observations.219.222.223 Almost 
all of the patients presented with symptoms induding fever 81%, cough 63%, 
dyspnea 50%, weight loss 47%, and headache 41%. Pleuritic chest pain was 
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mentioned in one series in three out of five patients.222 Hemoptysis occurred in 
another series in two out of 12 patients.219 Dissemination of cryptococci, partic
ularly to the meninges or blood, occurred in 94% based on the results from two of 
the series.219.222 The third series223 also showed evidence of dissemination though 
the exact level was not stated. Physical exam findings were not stated in most 
reports, but may include lymphadenopathy, rales, tachypnea, and splenomegaly.219 
Concurrent oral candidiasis was found frequently in one series, and this finding 
should alert the clinician to an underlying HIV infection if this information is not 
already known, and again emphasizes the importance of a CD4 count under 200 
celllf,d to clinical disease. Concomitant second infections with other opportunistic 
pathogens including Pneumocystis carinii, Mycobacterium avium, eytomegalovirus, 
and Histoplasma capsulatum, have oecurred in conjunetion with pulmonary erypto
coecosis.219.223.224 In addition, C. neoformans pneumonia may occur as a conse
quenee of steroid therapy for Pneumocystis carinii.I27 

Diagnostic studies should include arterial P02' ehest radiography, cultures, 
and cryptococcal antigen detection. Mild to moderate hypoxemia can be found 
though both normal P02 and profound hypoxemia have occurred with crypto
coccal pneumonia.219.223 Adult respiratory distress syndrome has also oceurred in 
this population.215.227.228 

Chest radiographs most often reveal interstitial infiltrates (Fig. 3), either focal 
or diffuse, and lymphadenopathy, unlike immunoeompetent and other types of 
immunoeompromised hosts, nodular and alveolar infiltrates are quite rare.219.223.229 
Large masses and pleural effusions are also unusual. 219 Beeause the most com
mon radiographie picture is interstitial infiltrates, C. neoformans pneumonia can 
easily be confused with Pneumocystis carinii pneumonia, the most eommon eause 
of interstitial infiltrates in patients with AIDS.230 

Cryptoeoceal antigen detection using latex agglutination ean be extremely 
helpful while awaiting eulture results. Sinee patients frequently have dis sem i
nated eryptoeoeeosis, serum, CSF, and urine cryptococcal antigens may be 
positive.219.223 It is important that a prozone effeet be ruled out, sinee serum 
antigen titers greater than 1:1 million can oecur,231 and that in addition, the 
antigen kit used contains pronase to remove inhibitors in the serum. It is 
imperative to assess evidenee of dissemination, particularly to the meninges, for 
patients with AIDS. Therapy for pulmonary cryptococcosis should, however, 
probably be the same as for meningitis. Pulmonary and extrapulmonary cultures 
are pivotal in making the diagnosis. Regular sputum, bronehoalveolar lavage, 
transbronchiallung biopsy or needle aspiration, and pleural fluid cultures are all 
suitable for making the diagnosis.219.224.232.233 Blood and CSF are high-yield 
cultures in disseminated disease in this patient population. Occasionally, urine 
culture, preferably after prostatic massage, bone marrow eultures or eultures of 
skin lesions may lead to the diagnosis.l36.231.234 

Treatment of pulmonary eryptococeosis in AIDS patients is similar to that 
used for cryptococeal pneumonia or meningitis in other populations of immuno
eompromised hosts, with the eaveat that relapse and dissemination occur fre
quently in this group, particularly if not given maintenance therapy.7-9.235 Recent 
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data have shown that ftuconazole and amphotericin Bare comparable in the 
treatment of cryptococcal meningitis in patients with AIDS.210-212 Fluconazole 
may sterilize the CSF at a slower rate than amphotericin B, hence if it is used in a 
patient initially with only primary pulmonary cryptococcosis, it is possible that 
there would be a higher risk for dissemination while the patient is on induction 
therapy. Nevertheless, it is a reasonable first choice drug in a patient without 
factors that could possibly predict poor outcome, including hypoxemia, ARDS, 
severe meningitis with increased intracranial pressure, or obtundation. After 
acute therapy for cryptococcal pneumonia with or without dissemination, with 
either ftuconazole or amphotericin B with or without ftucytosine maintenance 
therapy with ftuconazole should be continued indefinitely, since relapse is com
mon in this patient group.236.237 The prostate and the basal eisterns may serve as 
reservoirs of C. neoformans, despite apparently adequate therapy to sterilize 
the CSF or pulmonary speeimens.238.239 We use a maintenance dose of 200-400 
mg/day of ftuconazole, based on whether or not the patient has had a relapse 
previously, and based on renal function. This concept of maintenance therapy 
may be extended to other severely and persistently immunocompromised hosts 
although supportive data are unfortunately not available. Acute mortality from 
disseminated cryptococcosis has been quite high in certain risk groups with AIDS 
though the prognosis of primary pulmonary cryptococcosis in this patient popu
lation is unknown, but is likely to be beUer. 

5. CONCLUSION 

Pulmonary cryptococcosis may occur in a number of presentations, based on 
the immune competency of the host. We antieipate that an increasing number of 
cases will be seen in the future because of an increase in the number of solid 
organ and bone marrow trans plant reeipients, more aggressive use of chemo
therapy agents in cancer patients, espeeially those with hematologic malignan
eies, and the increasing ineidence of HIV infection. Ongoing trials in patients 
with HIV infection using ftuconazole or clotrimazole versus no antifungal agent 
may allow future recommendations to he made for prophylaxis in these popula
tions at risk for profound immunodefieiency against cryptococcosis. For the 
present, a clinical suspieion of cryptococcal pneumonia, rapid diagnosis, and 
appropriate therapy are key to a successful outcome of this increasing clinical 
infection. In the future, discovery of new fungieidal agents and hetter under
standing and manipulation of host immunity for treatments will be welcomed 
additions to our armentarium in the fight against this encapsulated yeast. 
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