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The increase in immunosuppressed patient populations has correlated with a rise in clinical fungal infections, including
cryptococcosis. Patient outcome following Cryptococcus infection is linked to initial fungal burden in cerebrospinal fluid
(CSF) and fungal clearance following treatment; however, the role of the pathogen in disease prognosis is poorly defined.
In this issue of the JCI, Sabiiti and colleagues have directly correlated phenotypic traits of Cryptococcus neoformans with
clinical outcome of infected patients. A better understanding of both the host and pathogen contributions to disease
etiology will provide more options for targeted treatment strategies.
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tor or receptors. A direct binding partner of 
PD-1H has yet to be shown, and a putative 
receptor remains to be identified.

Third, notwithstanding the expression 
of PD-1H on T cells, most data to date can 
be accounted for by evoking PD-1H strictly 
as an inhibitory ligand, as previously sug-
gested by Ceeraz et al. (16). This interpreta-
tion, while advantageous for its simplicity, 
fails to account for the existence of the large 
and very unique intracellular domain of the 
molecule. Wang et al. noted that VISTA is 
highly conserved in organisms ranging from 
fungi to humans (5); however, while the 
extracellular IgV domain of VISTA shows 
homology with B7H1, no relative of the large 
intracellular domain has been found, sug-
gesting that this intracellular domain may 
have evolved independently of other cosig-
naling molecules. The unusual evolutionary 
conservation of the intracellular domain 
of PD-1H hints at a functional importance 
for this part of the molecule, but its unique-
ness shields any clue as to what that func-
tion may be. With these outstanding issues 
and the strong effect of targeting PD-1H in 
transplantation, autoimmune diseases, and 
cancer, it is safe to assume that we have not 
heard the last from this protein.
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The increase in immunosuppressed patient populations has correlated with 
a rise in clinical fungal infections, including cryptococcosis. Patient outcome 
following Cryptococcus infection is linked to initial fungal burden in cerebro-
spinal fluid (CSF) and fungal clearance following treatment; however, the 
role of the pathogen in disease prognosis is poorly defined. In this issue of 
the JCI, Sabiiti and colleagues have directly correlated phenotypic traits of 
Cryptococcus neoformans with clinical outcome of infected patients. A better 
understanding of both the host and pathogen contributions to disease etiol-
ogy will provide more options for targeted treatment strategies.

Clinical impact
Cryptococcosis, which results from infec-
tion by Cryptococcus neoformans and Cryp-
tococcus gattii, exploded onto the clinical 

scene in three major outbreaks. In 1978, 
Kauffman and Blumer marked the first 
outbreak as the “awakening giant of 
mycology” (1). The frequency of crypto-
coccosis rose in concert with an enlarg-
ing immunosuppressed population as 
the result of advanced medical therapies 
for serious underlying diseases. The rapid 
increase in cryptococcosis was the “canary 
in the coal mine” sentinel finding for the 

fragility of immunosuppressed patients 
and our lack of precision in manipulating 
the immune system. The second major 
outbreak occurred in the mid-1980s as 
the immunosuppressed HIV pandemic 
gripped the world, with the number 
of patients affected and the effects of 
the virus on immunity reflected in the 
appearance of an incredible number of 
cryptococcal cases, estimated at 1 million 
per year worldwide (2). The third major 
outbreak of cryptococcosis occurred 
around 2000 in the Pacific Northwest 
as the result of C. gattii infections. This 
outbreak has challenged our understand-
ing of new recombinant (hypervirulent) 
strains (3) and of the potential influences 
of climate on changing fungal ecology. 
Cryptococcus has become a “new-age” 
pathogen that reaches every level of clini-
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antigen detection was developed that can 
now be integrated into screening strate-
gies in high-risk patients in both resource-
limited and resource-available settings 
(14). With this testing platform, the prin-
ciple of “early therapy represents better 
outcome” can be realized, leaving the onus 
on clinicians to initiate preemptive test-
ing. A second and more contentious area 
for diagnostic microbiology and crypto-
coccosis is the quantitation of microbial 
burden. In clinical infectious diseases, the 
practice of linking therapeutic strategies 
to microbial burden has infrequently been 
incorporated into diagnostic and thera-
peutic guidelines; however, two prime 
successful clinical examples of microbial 
quantitation include quantitative counts 
of bacteria in urinary tract infections 
and the effective use of quantitative viral 
loads in blood (such as HIV and CMV) 
for antiviral therapy. Cryptococcal men-
ingitis has great potential, with further 
careful standardization, to provide clini-
cians with meaningful quantitative cryp-
tococcal cultures (QCCs) in CSF both for 
prognostic and therapeutic decisions (15, 
16). Although not routinely performed in 
clinics, QCCs have been used effectively 
for years in research to understand and 
make predictions for antifungal thera-
peutic outcome based on measurements 
of early fungicidal activity (EFA) (17). The 
QCC and EFA continue to be validated, 
and adoption of these strategies in clinical 
practice to better understand therapeutic 
responses is a worthwhile future goal that 
will lead to more precise management of 
cryptococcal meningitis.

Clinical management
The current basis for cryptococcosis 
management has a range of support 
from robust, evidence-based studies to 
clinical art. The 2010 Infectious Disease 
Society of America (IDSA) guidelines 
have attempted to establish consistent 
therapeutic principles for disease man-
agement (18). These recommendations 
are dynamic and will need to be modified 
as new insights are gained. In fact, at my 
own institution, we have retrospectively 
validated that patients treated by clini-
cians following IDSA recommendations 
likely had an improved outcome for cryp-
tococcal meningitis (19). The immediate 
future is unlikely to see any improved 
anticryptococcal drug(s); therefore, the 
following principles are imperative for 
present therapies articulated by the IDSA 

rophage uptake in vitro, intracellular 
proliferation rate, capsule induction, 
and laccase activity. These fungi-specific 
traits were then compared with the clini-
cal data on the patient from whom the 
strain was isolated. Sabiiti and colleagues 
determined that certain features, such as 
yeast phagocytosis and laccase activity, 
correlate with disease outcome (8). Previ-
ous studies have also correlated disease 
manifestations with capsular production 
by the infecting yeast strain (9).

The association of C. neoformans phe-
notypes with clinical manifestations 
confirms that it is important to under-
stand the principles of “how cryptococ-
cus does it.” During the past two decades, 
there has been a remarkable explosion in 
our understanding of this encapsulated 
pathogen at the molecular level. We have 
identified and linked many virulence phe-
notypes of the yeast, such as high-temper-
ature growth, melanin production, and 
capsule formation, to their controlling 
genes, and we continue to delve into the 
molecular details of how Cryptococcus pro-
duces disease in the genome-sequencing 
era. Whole-genome studies are beginning 
to be used to identify microevolution-
ary events that determine strain-specific 
pathogenicity (10, 11) and to understand 
the plasticity of the Cryptococcus genome 
under stress (12). Furthermore, we can 
even capture how the yeast molecularly 
responds to the human CNS (13). Fun-
damentally, the molecular tools of stress 
adaptation to a harsh host environment 
are critical to cryptococcosis, and we are 
now beginning to broadly understand 
the networks this yeast uses for survival 
and resistance to the immune system and 
to therapeutic interventions. The basic 
Cryptococcus life cycle is not completed in 
the human host, but the yeast’s survival 
characteristics are well adapted; there-
fore, an understanding of fungal survival 
principles will allow the development of 
therapeutic strategies that better inter-
rupt the production of disease.

The diagnosis
Cryptococcosis vividly demonstrates 
two important principles for diagnostic 
microbiology. First, because of this fungi’s 
ability to shed detectable polysaccharide 
capsules into biological fluids, the cryp-
tococcal antigen has been one of the best 
serologies in infectious diseases today. 
Recently, a cheap, easy-to-use, very effec-
tive lateral flow assay for polysaccharide 

cal practice in both resource-limited and 
resource-available health care systems. 
It is no longer a medical oddity, since it 
is prominently centered in the differen-
tial diagnosis for immunocompromised 
patients throughout the world.

The host side
Humans function according to the “Gold-
ilocks” paradigm for the proper immune 
state: either too little or too much of an 
immune response to an invading microbe 
can allow disease; therefore, the host 
must get the immune response “just 
right” to prevent pathogens from pro-
ducing disease (4). Clinically, it is clear 
that several host-associated risk factors, 
including immunosuppression from cor-
ticosteroid treatment, immunobiology 
modifier administration, HIV infection, 
host genetic background (5), and even 
the development of autoantibodies (6), 
allow the development of cryptococcosis. 
Furthermore, due to the unique ability 
of cryptococcus to invade the CNS, any 
dysfunction in the host immune response 
to infection can be fatal. In fact, an over-
ly aggressive immune reaction, such as 
immune reconstitution inflammatory 
syndrome (IRIS), has become a promi-
nent clinical feature in cryptococcosis (7). 
In patients ranging from those with HIV 
on antiretroviral therapy, to transplant 
recipients undergoing pharmacological 
immunosuppression, to apparently nor-
mal hosts, IRIS must be diagnosed and 
managed by clinicians caring for patients 
with cryptococcal meningitis. Unfortu-
nately, the current guidelines for IRIS 
identification and treatment are less than 
robust; therefore, it is the “art of the clini-
cian at the beside” that presently makes a 
difference in IRIS outcome.

The pathogen
The clinical understanding of cryptococco-
sis has been primarily focused on the host 
side of this disease process, with how the 
patient responds to the pathogen being the 
critical determinant for treatment. In this 
issue of the JCI, Sabiiti et al. (8) have pro-
vided evidence that the phenotypic traits of 
the infecting strain of C. neoformans influ-
ences clinical outcome. This study by Sabi-
iti and colleagues provides a reality check; 
infections are two-way streets that are 
maneuvered by both host and pathogen. In 
elegant and precise experiments, 65 C. neo-
formans isolates from clinical trial patients 
were evaluated to determine murine mac-
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coccal meningitis among our transplant 
recipients and HIV-infected patients is 
still approximately 16% and is 31% among 
non–HIV-infected, non-transplant patients 
(21). We must do better. Despite the won-
derful progress in clinical management 
over the past 20 years, improved immu-
nological understanding, and molecular 
biology investigations, the sugar-coated 
yeast whose sweetness sickens continues 
to represent the perfect model system to 
fundamentally understand infectious 
diseases through both the host and the 
microbe. It takes “two to tango,” and while 
the hosts bring many important factors 
that determine disease outcome, so do the 
cryptococcal yeasts. The work of Sabiiti 
et al. (8) clearly demonstrates that not all 
cryptococcal strains are created equally, 
and like many infectious diseases, we need 
to understand the interplay between hosts 
and pathogens.
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guidelines: first, cryptococcal meningitis 
is treated in phases (induction, consolida-
tion, and maintenance). Second, combi-
nation therapy with amphotericin B plus 
flucytosine comprises the most highly 
fungicidal regimen, and rapid killing of 
yeasts in CSF delivers a positive outcome. 
Third, increased intracranial pressure can 
create substantial morbidity and mortal-
ity; however, management of this symp-
tom is necessary but imprecise. Fourth, 
development of IRIS is a factor in clinical 
failure that may be more common than 
direct antifungal drug resistance. Fifth, 
an uninterrupted initial induction phase 
of combination antifungal therapy is 
important, and in fragile patients, lipid 
products of amphotericin B may be more 
effective at keeping therapy on schedule 
than the conventional amphotericin B 
preparation. Sixth, because of differences 
in resources, there are health care systems 
without access to certain polyenes and 
flucytosine; therefore, in these situations, 
it is important to apply the best pharma-
codynamic strategies with the available 
resources. Finally, despite many immu-
nological studies and the use of recom-
binant cytokine proteins in humans (20), 
immunotherapy such as IFN-γ is still rec-
ommended as an alternative rather than a 
primary therapy.

Future directions
In cryptococcosis, our goal is to prevent 
or effectively treat the fungal disease so 
that a patient’s outcome is determined by 
the underlying disease, not the secondary 
infection. In some respects, we have made 
progress. At our own institution, survival 
rates of cryptococcal meningitis are better 
for HIV-infected and transplant recipient 
patients compared with those of non–HIV-
infected, non-transplant patients. This 
observation likely reflects our ability to 
effectively treat the fungal disease and to 
better control the underlying diseases or 
conditions; however, there is still much 
work to do. The mortality rate for crypto-


