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Abstract

Opportunistic fungal and parasitic infections are an important cause of morbidity and mortality. Although these
infections can affect both immunocompromised and immunocompetent individuals, HIV-infected patients and
stem cell transplant recipients are at special risk. Although several therapeutic options exist to treat these infections,
drug resistance is becoming an increasing issue which should be considered when selecting a treatment. Among
the treatment options available, amphotericin B is characterized by broad-spectrum activity. While dose-related
adverse events often occur with administration of the conventional formulation of amphotericin B, newer lipid-
based formulations of amphotericin B, eg, amphotericin B colloidal dispersion, are associated with less toxicity.
Further, these lipid-based formulations have better solubility, an important characteristic when treating infections
that have invaded the central nervous system. This monograph discusses the application of the lipid-based ampho-
tericin B formulations amidst the changing and emerging epidemiology of opportunistic fungal and parasitic infec-
tions, focusing on those caused by zygomycetes, cryptococcus, and leishmania.
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The Changing Epidemiology of Opportunistic Fungal

and Parasite Infections

Cornelia Lass-Florl, MD

Emerging Pathogens and Resistance Patterns
Presently, there is a shift in the epidemiology of invasive
fungal diseases throughout Europe and the Americas.!?
This change has become apparent through the use of
surveillance programs such as SENTRY and ARTEMIS
DISK. The SENTRY Antimicrobial Surveillance Program
evaluated the activity of contemporary antifungal agents
against Candida species, Cryptococcus species, and Asper-
gillus species.’ The ARTEMIS DISK Global Antifungal
Surveillance Study (1997-2007) performed a 10.5-year
analysis of the susceptibility of Candida species and non-
Candida species to the antifungal agents fluconazole and
voriconazole.*> The first wave of this changing epidemi-
ology appeared during the late 1980s, for multifactorial
reasons. A primary cause is the increased reliance on
fluconazole as a prophylactic and therapeutic agent. For
example, the increased usage of fluconazole likely explains
the shift in appearance from Candida albicans to non-
Candida albicans, namely Candida glabrata.®

Currently, the predominant species are non-Candida
albicans Candida strains, as well as several species of molds,
mainly those that cause Pithomyces and Fusarium infec-
tions.*>” Various populations are at risk for the development
of invasive fungal diseases, particularly patients who are
undergoing allogeneic stem cell transplantation and patients
receiving other treatments for hematologic malignancies.

Similarly, an increase in azole-resistant molds, such as
Aspergillus fumigatus, has also become apparent.® A particu-
lar increase in the incidence of Aspergillus fumigatus has been
reported in the United Kingdom, as well as the Netherlands,
where it has increased remarkably from 2% to 8%.’ This
increased incidence is attributable to many factors, the fore-
most of which is likely the heightened and extensive usage
of azoles and/or azole-containing fungicides.'

Rates of Zygomycosis, Cryptococcal,

and Leishmaniasis Infections

Zygomycosis, an uncommon and frequently fatal mycoses
that is caused by the Zygomycetes fungi, now accounts for
an ever-increasing number of hospital infections.'"'? Zygo-
mycosis currently represents 2% of solid organ transplant
patients and up to 8% of hematopoietic stem cell transplant
patients."
increased incidence of zygomycosis in hospitals and other
clinical centers.""> For example, more than 30% of fungal
infections at the Innsbruck Medical Center in Austria are
due to zygomycosis. Many of these infections occur in patients

Epidemiologic reports have documented an

already being treated with systemic antifungal therapies, such
as azoles including voriconazole.

The primary risk groups for cryptococcal diseases are
immunocompromised patients, such as those with HIV
infection or solid organ transplant recipients; however,
many individuals who do not fall into these categories are

also susceptible.'

Several epidemiologic studies estimate
that the global burden of HIV-associated cryptococcosis
is approximately 1 million cases annually. Additionally,
solid organ transplant patients are another significant risk
group for cryptococcal disease. Interestingly, cryptococ-
cosis seems to affect children to a lesser degree.”” Among
HIV-infected children in the United States, the incidence
of cryptococcosis is limited to 0.5-1%,'®"” although the
incidence of cryptococcosis among HIV-infected children
in other countries, including Thailand and South Africa, is
somewhat higher.?*?!

Two cryptococcal species are especially important in
the clinical setting. Cryptococcus neoformans has a world-
wide distribution and is responsible for the vast majority of
cryptococcal infections in immunosuppressed hosts, such as
HIV-infected patients. Conversely, Cryptococcus gattii causes
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Figure 1. Geographical distribution of leishmaniasis. Light
blue=leishmaniasis; dark blue=co-infection.

Data from WHO.

70% of infections among immunocompetent hosts. Unlike
Cryptococcus neoformans, Cryptococcus gattii occurs only
rarely in HIV-infected patients.

Leishmaniasis disease is caused by the Leishmania spe-
cies of protozoa. The overall global prevalence of leishmani-
asis is estimated to be approximately 12 million cases; nearly
2 million of these patients will develop a clinical syndrome
related to leishmaniasis.”* Leishmaniasis is extremely com-
mon in many American regions, as well as in endemic zones
such as Latin America, Africa, the Indian subcontinent,
the Middle East, and Mediterranean regions (Figure 1).
In Europe, reemergence of leishmaniasis is a common
issue, due to 3 primary scenarios. The first of these is the
introduction of exotic Leishmania species or strains into
Europe due to an increase in worldwide travel. Secondly,
a natural spread of visceral and cutaneous leishmaniasis is
caused by Leishmania infantum and Leishmania tropica from
the Mediterranean region of Europe, where these species are
endemic. Third, a reemergence of diseases in the Mediter-
ranean region is caused by an increase in the number of
immunosuppressed patients.

Lipid Formulations of Amphotericin B—Broad-
spectrum Coverage and Rare Mycologic Resistance
Invasive infections, especially those caused by the emerg-
ing pathogens discussed here, are an important cause of
morbidity and mortality worldwide. The conventional
amphotericin B formulation has long been a gold stan-
dard for the treatment of many infections. However, poor
solubility and dose-related toxicities have prompted the
development of lipid formulations of amphotericin B.
These lipid formulations of amphotericin B offer a broad
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range of coverage of fungal and protozoa strains, includ-
ing the emerging pathogens discussed. Lipid formulations
of amphotericin B are now often suggested as first-line

therapy due to their broad-spectrum activity against these

and other emerging pathogens.?>*
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Lipid-based Polyenes for Selected Mycoses, Including
Cryptococcosis and Zygomycosis

Nina Singh, MD

Therapy for Cryptococcosis

Cryptococcosis is currently one of the most important
opportunistic infections worldwide and is especially com-
mon in HIV-infected individuals.' Importantly, the mortal-
ity rate attributed to cryptococcal meningitis in Sub-Saharan
Africa is approximately 1.5 times higher than deaths due to
tuberculosis (530,000 vs 350,000). ' However, the impact
of cryptococcal infection is not limited to HIV-infected
individuals. Cryptococcal disease is an important cause of
central nervous system (CNS) mycoses in solid organ trans-
plant (SOT) recipients; a recent study by Van de Beek and
colleagues found that cryptococcal meningitis was the most
common CNS infection among heart transplant recipients.
The overall incidence in SOT patients is approximately
2.8%, and cryptococcosis accounts for 8% of all invasive
fungal infections in SOT patients.>* Conversely, cryptococ-
cal disease is not a significant threat in hematopoietic stem
cell transplant recipients.’

Polyenes are regarded as the preferred primary agents
for the treatment of CNS cryptococcosis. Guidelines from
the Infectious Diseases Society of America recommend
amphotericin B deoxycholate with flucytosine for the treat-
ment of cryptococcal meningoencephalitis.® In selected
hosts—for example, SOT recipients—lipid formulations
of amphotericin B are recommended as induction therapy
for CNS and severe non-CNS disease, largely because these
agents incur a lower risk of drug-associated nephrotoxic-
ity in these patients.” Superiority of lipid polyenes over
amphotericin B deoxycholate has not been incontrovertibly
documented. A randomized double-blind trial compared
2 doses of liposomal amphotericin B (3 mg/kg/day [n=86]
or 6 mg/kg/day [n=94]) with the amphotericin B deoxy-
cholate formulation (0.7 mg/kg/day [n=87]).% The rate of
efficacy was similar among all 3 treatment groups. How-
ever, the liposomal formulations were associated with fewer
adverse events, including infusion-related reactions (P<.001
for both liposomal formulations compared with ampho-
tericin B deoxycholate) and nephrotoxicity (P=.004 for the
3 mg/kg/day dosage of liposomal amphotericin B compared
with amphotericin B deoxycholate). In a study of SOT recipi-
ents, after controlling for factors that portend poor outcome,
such as renal failure at baseline and fungemia, treatment with
lipid formulations of amphotericin B was independently
associated with improved survival compared with amphoteri-
cin B deoxycholate (hazard ratio [HR], 0.11; 95% confidence
interval [CI], 0.02-0.57; P=.008; Figure 1).”

A meta-analysis of the efficacy of lipid-based ampho-
tericin B compared with amphotericin B deoxycholate
showed that the all-cause mortality rate was reduced by
28% with the lipid-based agent (odds ratio [OR], 0.72;
95% CI, 0.54-0.97).° However, this reduction in death
was not found to be attributed to differences in efficacy.
In a separate study, the clinical response rate (resolution
of signs and symptoms) in 55 HIV-infected patients with
cryptococcal meningitis was demonstrated to be improved
with amphotericin B lipid complex compared with
amphotericin B deoxycholate (86% vs 65%).'° Although
this increase in clinical response was not replicated in a
prior study of 28 HIV-positive patients with cryptococcal
meningitis, it was shown that lipid amphotericin B formu-
lations sterilized cerebral spinal fluid cultures significantly
more rapidly than traditional amphotericin B."

Therapy for Zygomycosis

Emerging data suggest that zygomycosis is increasingly
becoming a significant opportunistic mycosis in immuno-
compromised hosts. For example, a report and review of
English-language publications by Almyroudis and colleagues
(Table 2) reported an incidence as high as 16 cases per 1,000
organ transplant recipients, although this incidence rate
ranged largely across different transplant types.'? The disease
most frequently manifests clinically as pulmonary zygomy-
cosis; in one study, 53% of SOT patients presented with this
condition."® Although not yet conclusively shown, it appears
that iron overload or iron supplementation may be a risk
factor for greater disease severity and higher incidence of
disseminated zygomycosis in the liver as compared to other
SOT patients.'*

Polyenes are regarded as the standard of care for the
treatment of zygomycosis. Based on improved outcomes,
several studies support the use of lipid formulations of
amphotericin B to treat zygomycosis in both SOT patients
and patients with other conditions." A retrospective study
of patients with a hematologic malignancy with zygomycosis
demonstrated significantly improved survival among those
patients who received lipid formulations of amphotericin B
compared with amphotericin B deoxycholate (67% vs 39%;
P=.02)." A recent study comprising 41 cases of zygomycosis
reported that liposomal amphotericin B was associated with
significantly improved response rates (P=.012) and survival
rates (P=.004).' In a prospective, matched, case-controlled
study, SOT recipients receiving liposomal amphotericin B
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Receipt of lipid formulations of amphotericin B remained
associated with a significantly improved 90-day survival after
0.2_| adjusted for renal failure at baseline and fungemia (P=.008)
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Figure 1. Cox proportional hazards regression survival curves
with the receipt of lipid formulations of amphotericin B and
amphotericin B deoxycholate.

Data from Sun HY et al. Clin Infect Dis. 2009;49:1721-1728.
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had higher success rates (OR 4.0, 95% CI, 0.63-26).2 Addi-
tionally, in a review of SOT recipients with rhino-orbital-
cerebral zygomycosis, lipid formulations of amphotericin
B (OR 0.09, 95% CI, 0.02—0.50) were associated with
improved survival even when controlled for CNS involve-
ment and the era in which the disease was diagnosed."” Inter-
estingly, the addition of echinocandins (which are generally
ineffective as single agents) to the lipid polyenes against
zygomycosis led to superior outcomes compared to the lipid
polyene alone. For example, a combination of amphotericin
B lipid complex and caspofungin significantly improved the
success rate (P=.009) and survival time (P=.01) compared
with amphotericin B lipid complex for the treatment of
rhino-orbital-cerebral zygomycosis.'®

The advantages of lipid formulations of amphotericin
B as the therapeutic agents for these mycoses may result
from better brain penetration and, therefore, more eflicient

reduction of fungal burden.”?!

The Balance Between Pro- and

Anti-inflammatory Responses

It has become evident that while a robust inflammatory
response plays a critical role in eradicating invading microbes,
dysregulated immunity can be detrimental to the host if an
optimal balance between the inflammatory and anti-inflam-
matory reactions is disrupted. In addition to improved CNS
penetration, distinct immunomodulatory characteristics of
specific antifungal agents may also be responsible for confer-
ring some of the differences observed in outcomes. Cell-based
studies show that while amphotericin B deoxycholate stimu-
lates increased transcription and expression of inflammatory
cytokines (including TNF-alpha and IL-6), chemokines, and
ICAM-1, the lipid polyenes either downregulate or have no
effect on inflammatory cytokine gene expression.”** These
results may be explained by the fact that amphotericin B
deoxycholate causes upregulation of signal transduction via
TLR-2, and lipid polyenes divert TLR receptor signaling
from TLR-2 to TLR-4. The resulting lower induction of
overzealous inflammation and tissue damage during fungal
infection may be advantageous to patient outcome.

Empty liposomes per se, through lesser molecular
interaction with TLR-2, have been found to attenuate the
antifungal immunopathology. In this vein, Lewis and col-
leagues reported that in an animal model of aspergillosis,
pretreatment with empty liposomes (with no direct antifun-
gal properties) was nearly as effective as lipid formulations
of amphotericin B and superior to amphotericin B deoxy-
cholate.”® These improvements included enhanced fungal
clearance, reduced lung injury, and improved survival.

Table 2. Clinical Manifestations and Time of Onset of Zygomycosis According to Type of Organ Transplantation

Clinical Manifestation Heart* (n=18) Lung (n=4) Liver (n=19) Kidney' (n=75) Total (n=116)
Rhino-sinusitis + orbits 1 (5.5%) 1 (25%) 3 (15.8%) 15 (20%) 20 (17.2%)
Rhinocerebral 2 (11.1%) 0 1 (5.3%) 13 (17.3%) 16 (13.8%)
Pulmonary 7 (38.8%) 2 (50%) 0 19 (25.3%) 28 (24.1%)
Gastrointestinal 4 (22.2%) 0 2 (10.5%) 7 (9.3%) 13 (11.2%)
Cutaneous 2 (11.1%) 0 8 (42.1%) 8 (10.6%) 18 (15.5%)
Rierzell 0 0 0 6 (8%) 6 (5.2%)
Disseminated 2 (11.1%) 1 (25%) 5 (26.3%) 7 (9.3%) 15 (12.9%)
Time of onset, median 60 days 180 days 18.5 days 60.5 days 60 days
Time of onset, range 6-912 days 30-730 days 1-1,095 days 7-2,920 days 1-2,920 days

*Includes 2 heart-lung transplantations.

‘Includes 2 pancreas-kidney transplantations.

Data from Almyroudis NG et al."
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Treatment of Visceral Leishmaniasis With Lipid-based

Amphotericin B

Ivica Knezovic, MD

Epidemiology, Diagnosis, Clinical Signs,

and Symptoms of Leishmaniasis

Leishmaniasis is a parasitic disease caused by a protozoan
from the genus Leishmania. The epidemiology and presen-
tation of leishmaniasis differs worldwide based upon the
type of protozoa present in particular geographic regions.
Although the genus Leishmania can be classified taxo-
nomically into subgenus categories, tropism of the specific
Leishmania species results in a specific clinical syndrome, of
which a few have been identified. These clinical syndromes
include a visceral, mucocutaneous, and cutaneous form.
Considerable overlap of these syndromes can occur.

There is a worldwide distribution of leishmaniasis, all
forms of which have been found to be present in 88 coun-
tries.! Specifically, the visceral form is present in 62 countries,
including 16 developed countries. However, it is a major
disease in developing countries, with more than 90% of
cases reported in India, Bangladesh, Nepal, Ethiopia, Sudan,

and Brazil. Approximately 350 million people worldwide
are at risk for leishmaniasis infection. Each year, there are an
estimated 500,000 new cases of visceral leishmaniasis, and
1-1.5 million new cases of cutaneous leishmaniasis. If left
untreated, the visceral form of leishmaniasis can be fatal in
up to 70-90% of cases. Notably, up to 100% of patients
in developing countries may die from infection, depending
on the particular geographic region and available healthcare
facilities and treatment options.

The incubation period of visceral leishmaniasis is a
minimum of 2 weeks and a maximum of 8 months. In most
cases, it ranges between 2-6 months. Mammals, primar-
ily dogs and other canids, serve as the main reservoir for
the Leishmania parasite. The sand fly serves as the vector
for Leishmania, although the genus changes depending on
location (the genus Phlebotomus is found in the Eastern
Hemisphere [Old World], and the genus Luzzomyia is found
in the Western Hemisphere [New World]).? One exception
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Table 1. Signs and Symptoms of Visceral Leishmaniasis

Sign/Symptom %
Fever 100
Splenomegaly 96
Hepatomegaly 72
Anemia 44
Thrombocytopenia 24
Pancytopenia 16
Leukopenia 8
Neutropenia 8
Anorexia 8
Diarrhea 4
Abdominal pain 4
Paleness 4
Hypoproteinemia 4
Meningeal syndrome 4

Data from Cruz I et al. J Clin Microbiol. 2006; 44:2343-2347.

occurs in India, where a human reservoir exists that allows
human-to-human transmission via the sand fly vector.
Transmission begins with a sand fly bite; rarely, transmission
may occur through the use of shared needles in intravenous
drug use or with sexual activity.>*

Special consideration must be made for those leish-
maniasis-infected patients with HIV infection. Coinfec-
tion is apparent in 34 countries, mainly restricted to those
in Africa, Asia, Europe, and South America.' In southern
Europe alone, an estimated 70% of adult visceral leishmani-
asis infections occur in HIV-infected patients. Coinfection
occurs more frequently with low (<200 cells/mm?) CD4-
positive lymphocyte counts.

The clinical presentation of the visceral form of
leishmaniasis in nearly all patients is based primarily on
the presence of fever, hepatomegaly and/or splenomegaly,
pancytopenia, hypergammaglobulinemia, and cachexia
(Table 1).> Other symptoms that may be present include
enlarged lymph nodes and secondary infections, mostly bac-
terial. Atypical presentations, including respiratory disorders
or diarrhea, sometimes occur in HIV-infected patients. In
persons who become immunocompromised, latent visceral
leishmaniasis can reactivate and become apparent.

The primary abnormal laboratory findings that accom-
pany visceral leishmaniasis are predominantly restricted to
cytopenias (including anemia, leukopenia, neutropenia,
thrombocytopenia) and hypergammaglobulinemia.

Several methods may be used to diagnose visceral leish-
maniasis.® Identification of the clinical presentation is the first
step in diagnosis. However, definitive diagnosis is made with
microscopic visualization.’ It is generally performed in speci-

CLINICAL ROUNDTABLE MONOGRAPH

Figure 1. A) Intracellular amastigotes. Giemsa-stained bone
marrow aspirate. Magnification x1000. B) Extracellular
amastigotes. Giemsa-stained bone marrow aspirate.
Magnification x1000.

mens of bone marrow aspirates, or biopsy samples from the
spleen, liver, or, in some cases, the lymph node. From these
samples, microscopic identification of amastigotes can be
made in May-Griinwald-Giemsa—stained smears (Figure 1).
This diagnosis can also be confirmed with a positive culture
demonstrating promastigotes in Novy-MacNeal-Nicolle
(NNN) medium. Other diagnostic tools include serologic
tests, such as the indirect immunofluorescence antibody
test (IFAT), enzyme-linked immunosorbent assay (ELISA),
direct agglutination test (DAT) and rK39 antigen-based
immunochromatographic test (ICT). Molecular techniques,
such as polymerase chain reaction (PCR)—including linear-
nested PCR and semi-nested PCR—are associated with
90-99% sensitivity and up to 100% specificity and can be
implemented using typical specimens or blood.

Successful Case Studies of Visceral Leishmaniasis
Treated With Lipid-Based Amphotericin B, Including
Ampbhotericin B Colloidal Dispersion

All amphotericin B formulations, including both conven-
tional and lipid-based formulations that are administered
intravenously, have a proven efficacy in the treatment of vis-
ceral leishmaniasis.” However, in regions where resistance is
not an issue, the standard therapy for leishmaniasis revolves
around the use of pentavalent antimony compounds,
derived from the heavy metal antimony. These include
sodium stibogluconate (SbV) and meglumine antimoniate,
both of which have been a standard of therapy for more than
60 years. These agents, administered either intramuscularly
or intravenously, are long-lasting; however, they are associ-
ated with significant and possibly fatal toxicities.®
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Intravenously-administered pentamidine is an effective
alternative to pentavalent antimony compounds, but it can
be toxic, with reversible and irreversible diabetes mellitus
occurring in 10% of patients.” Today, the use of pentami-
dine is limited to the prevention of relapses in immuno-
compromised patients previously successfully treated with
another agent.'

Resistance to pentavalent antimony compounds is fre-
quent, occurring in up to 60% of patients who receive the
agent. Resistance is regularly observed in India, and therefore
clinicians in this region have particular experience with using
alternative compounds in the treatment of leishmaniasis,
such as lipid-based and traditional formulations of ampho-
tericin B." Oral miltefosine and parenteral paromomycin are
effective alternative and/or additional drugs in the treatment
of visceral leishmaniasis.'

During the last 2 decades, numerous clinical studies
have been performed worldwide, proving the effectiveness of
lipid amphotericin B formulations."? However, in immuno-
compromised patients (eg, HIV-infected), frequent relapses
of visceral leishmaniasis can occur after initial healing.

Lipid-based formulations of amphotericin B are an
alternative first-line treatment option for visceral leishmani-
asis. Furthermore, these compounds are considered to be the
first-line treatment for Mediterranean and Indian visceral
leishmaniasis. Although conventional amphotericin B is less
expensive, it is associated with far greater toxicity (eg, renal
toxicity) and more infusion-related reactions than lipid-
based amphotericin B formulations.'*" Overall, liposomal
amphotericin B and amphotericin B colloidal dispersion
(amphotericin B cholesteryl sulfate complex for injection)
are more effective than amphotericin B lipid complex,
which is more effective than conventional amphotericin B.!¢

In the Department of Pediatric Infectious Diseases of
the University Hospital for Infectious Diseases in Zagreb,
Croatia, we have treated 7 children for visceral leishmani-
asis from 2000-2009. These children, aged 9 months to
4.5 years, each had confirmed visceral leishmaniasis and
were all immunocompetent and previously healthy. Of these
7 children, 4 were successfully treated with pentavalent anti-
mony compounds, and 3 were treated with amphotericin
B colloidal dispersion. Treatment with amphotericin B col-
loidal dispersion was associated with a very good efficacy
and no side effects.

Lipid formulations of amphotericin B are designed to
deliver the active drug to target sites (the reticulo-endothelial
system), and are highly effective against Leishmania. There
are some concerns about infusion-related reactions, which
have been reported in 63-68% of patients.'® Similarly, the
incidence of fevers associated with these amphotericin B
formulations is 56-60%. Other studies have also reported
respiratory distress in children younger than 5 years.”” How-
ever, our experience in 3 children did not include either
infusion-related reactions or respiratory distress. It is pos-

sible that these adverse events could be diminished by slow-
ing the infusion rate and/or administering premedication.

Although lipid-based amphotericin B formulations are
noted to be expensive, they are highly cost effective compared
with the hospitalization expenses required for 28-30 days of
antimony compound treatment. Recommended dosage of
lipid-based amphotericin B formulations varies in different
countries/regions, according to the susceptibility of the par-
ticular Leishmania strain. Several dosage schemes have been
proposed. Recommended dosage of amphotericin B colloidal
dispersion is currently 2 mg/kg/day IV over 7 days."

Odur 3 cases of young children treated with amphotericin
B colloidal dispersion can be seen as an example of success-
ful treatment. In this small number of patients, we did not
observe any of the adverse reactions previously mentioned.
If patients are closely monitored in a hospital setting, lipid-
based formulations of amphotericin B should be the first-line
treatment for leishmaniasis. According to our clinical experi-
ence, amphotericin B colloidal dispersion is a good alterna-
tive to liposomal amphotericin B in the treatment of visceral
leishmaniasis in immunocompetent children.
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