
Caspofungin—A Novel 
Antifungal Agent
S P E C I A L  F E A T U R E

Caspofungin (cancidas), the first of a new class of antifun-
gal agents, received approval by the FDA on January 26, 2001.

Caspofungin is an echinocandin, a semisynthetic derivative of pneu-
mocandin B0, which is a fermentation product of Glarea lozoyensis. It
is a large (MW 1213 daltons), water soluble lipopeptide that, like
other echinocandins, competitively inhibits the synthesis of β-(1,3)-D-
glucan, a critical structural component of most fungal cell walls.1

Among fungi frequently encountered in the clinic, caspofungin has
in vitro and in vivo activity against Aspergillus and Candida species
and is also active in animal models of Pneumocystis carinii infection.
Since its mechanism of action differs from those of the polyenes and
the azoles, caspofungin retains activity against many fungal organisms
resistant to these 2 classes of agents. It has activity against all Candida
spp., including C krusei, is fungicidal against Candida spp. in a con-
centration-dependent manner, and has sterilizing abilities in a murine
model of pyelonephritis. When combined in vitro with amphotericin B
against either C albicans, A fumigatus, Fusarium spp., or Cryptococcus
neoformans, either synergy or indifference is observed; antagonism has
not been described. Antagonism was also not observed in experimental
infection models of candidiasis (caspofungin plus either amphotericin
B or fluconazole) or aspergillosis (caspofungin plus amphotericin B).  

The in vitro activity of caspofungin against the endemic fungi,
Coccidioides immitis, Histoplasma capsulatum, and Blastomyces
dermatiditis is less than that against Candida and Aspergillus. One
study reported limited activity in a murine model of histoplasmosis.2

Candida
The IC50 of caspofungin against C albicans glucan synthase is 0.6

nM and in vitro MICs are < 2.0 µg/mL. It is fungicidal against Candi-
da in vitro, albeit more slowly so than is amphotericin B. C albicans
resistance to caspofungin in vitro is rare, with selection on agar plates
occurring at a frequency of 10-8. Four-fold resistance derived in vitro
has been associated with mutation of the FKS1 gene; this resistance
was not associated with loss of virulence. Because it does not require
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entry into the fungal cell (the enzyme target is embedded
in the fungal cell membrane), caspofungin is not affected
by the efflux pumps that constitute the major mechanism
of resistance of Candida to the azole antifungals. 

Caspofungin is at least as effective as both convention-
al amphotericin B and amphotericin B lipid complex in
murine models of disseminated candidiasis. In addition, it
is effective in the treatment of Candida esophagitis in
humans. One hundred twenty-eight patients with Candida
esophagitis, 78% of whom were HIV-infected, were ran-
domized to intravenous therapy with either echinocandin
MK-991 or (50 mg or 70 mg daily) or amphotericin B
(0.5 mg/kg/d). The echinocandin was better tolerated than
was amphotericin B and was associated with a response
rate of 85.1% compared to 66.7% in the latter group.3

Aspergillus
Caspofungin has in vitro activity against A fumigatus,

A niger, A nidulans, and A terreus with geometric mean
MICs that range from 0.4 to 0.7 µg/mL and A flavus at

2.7 µg/mL. Whether it is classically fungicidal against
Aspergillus appears uncertain at this time. It is active
against Aspergillus spp. in a variety of murine models,
and its ED50 in experimental disseminated infection in
cytoxan-treated mice was virtually identical to that of
amphotericin B.

In Protocol 019, patients with documented invasive
aspergillosis who were either refractory to at least 7 days of
therapy with an appropriate antifungal agent or who were
intolerant to such therapy were eligible to receive caspofun-
gin. Of the patients studied, 84% had failed therapy. Two-
thirds had a hematologic malignancy and/or had undergone
bone marrow transplantation and 13% had undergone solid
organ transplantation; 22% were neutropenic (ANC, <
500/mm3) and 37% were receiving the equivalent of 20 mg
or more of prednisone.  Approximately 70.7% had pul-
monary infection, 21% had disseminated infection, and
6.2% had paranasal sinus infection. The drug was adminis-
tered for a mean of 33.7 days (range, 1-162 days).  

Favorable outcomes were achieved in 40.7% (95%
CI, 27.6-55.0%) of the entire cohort of 54 patients and in
48.9% of the 45 patients who received caspofungin for
at least 7 days. The response rate was 70% in the intoler-
ant group and 38.5% in the refractory group. A total of
296 patients were chosen to comprise a group of histori-
cal matched controls; a favorable outcome was achieved
in only 17% (95% CI, 12.1-22.8%). A total of 54.5% of
patients died. 

Clinical drug-related adverse events occurred in 8
(11.6%) patients. Most frequently seen were fever, flush-
ing, nausea, vomiting, headache, and infusion-related phel-
bitis; each occurred in less than 3%. Symptoms consistent
with histamine release were seen in 5 patients (1.8%), and 1
case of anaphylaxis has been reported. Eosinophilia
occurred in 3.1%. There was no significant nephrotoxicity.

Pharmacology (See Table)
Caspofungin is only available for intravenous adminis-

tration. The recommended initial dose of 70 mg followed
by 50 mg every 24 hours results in mean trough concentra-
tions above 1.0 µg/mL. The mean peak serum concentra-
tion on day 1 is 12.1 µg/mL while the trough is 1.3 µg/mL.  

The decline in serum caspofungin concentration after
a single dose is triphasic. The initial α-phase lasts
approximately 1-2 hours and is associated with distribu-
tion of the drug from plasma to the extracellular fluid
space. The volume of distribution is 9.7 L. The β-phase,
which has a mean half-life of 9-11 hours, exhibiting log-
linear behavior from approximately 6 hours to approxi-
mately 48 hours after infusion, appears to represent a
period of binding to and distribution into tissues, espe-
cially hepatocytes. No metabolism or excretion of the
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drug occurs during this phase. The β-phase accounts for
most of the drug’s AUC. The γ-phase has a half-life of
40-50 hours and appears to reflect slow drug release from
tissues. Caspofungin clearance is approximately 12
mL/min (0.15 mL/kg/min) with approximately 1.4% of a
dose appearing unchanged in the urine—renal clearance
is only approximately 0.15 mL/min. Biliary excretion of
unchanged drug is also minimal. The clearance of caspo-
fungin is reduced approximately 25% in the elderly, but
no dose alteration is required.

Renal insufficiency has little effect on drug kinetics
and the drug is not removed during hemodialysis—no
dosage modifications are required. There is a modest
(1.76-fold) increase in AUC in the presence of moderate
hepatic insufficiency (Child-Pugh score 7-9); as a conse-
quence, dose alteration is recommended in this circum-
stance; after the initial 70 mg loading dose, a subsequent
daily dose of 35 mg is suggested.

The drug undergoes spontaneous peptide hydrolysis
and N-acetylation. Its major degradation product, a ring-
opened peptide, lacks antifungal activity. Further metab-
olism of the hexapeptide structure is believed to involve
hydrolysis into constituent amino acids. Metabolism is
very slow and, as stated above, little biotransformation
(or renal clearance) occurs during the first 48 hours after
administration of a single dose.  

Caspofungin is approximately 96.5% bound to plas-
ma proteins. Despite this, its in vitro activity against A
fumigatus is enhanced by the presence of human serum.4

In addition, irreversible covalent protein binding at a
concentration of approximately 7 pmol/mg protein
occurs, most likely the result of an interaction between
plasma proteins and potentially reactive intermediates
resulting from spontaneous degradation of caspofungin
via either an imine or nucleophilic mechanism.

Caspofungin is neither a significant substrate nor a
potent inhibitor of P-glycoprotein or of hepatic
cytochrome enzymes. Nonetheless, potentially signifi-
cant reductions (approximately 20%) in caspofungin
AUC and clearance may be observed with coadministra-
tion of efavirenz, nevirapine, rifampin, dexamethasone,
phenytoin, or carbamazepine, possibly as the result of
induction of either a minor oxidative pathway or of a
transport mechanism. As a consequence, the daily dose
of caspofungin should be maintained at 70 mg in
patients also receiving one of these agents.

There are no pharmacokinetic interactions with ampho-
tericin B, itraconazole, or 2-hydroxy-itraconazole.  

The 24-hour AUC of caspofungin is increased by
approximately 35% when coadministered with
cyclosporin; cyclosporin exposure is not affected. Studies
in rats suggest that cyclosporin may inhibit the uptake of

caspofungin into liver tissue. Modestly elevated (≤ 3-fold
of the upper limit of normal) serum transaminases were
noted in some subjects who received caspofungin and
cyclosporin together, an observation that has led to the
recommendation that these 2 drugs not be coadministered
in the absence of further data unless the potential benefit
is estimated to outweigh the potential risk. 

Coadministration of caspofungin with tacrolimus
results in no effect on caspofungin exposure, but whole
blood tacrolimus levels are reduced by approximately
20%. It has been suggested that this may result from
decreased red blood cell binding by tacrolimus. There
appears to be no pharmacokinetic interaction between
caspofungin and mycophenolic acid or its pharmacologi-
cally active glucuronide.  

Safety
The most commonly observed drug-related adverse

effects have been pruritus at the drug injection site and
other mild infusion-related complications, and headache.
There were no caspofungin-related clinical or laboratory
serious adverse events in the studies presented to the
FDA and no drug-related nephrotoxicity observed. The
incidence of transaminase elevations (all < 5-fold) was
14.1% in caspofungin recipients in studies comparing
this drug to fluconazole, a frequency similar to that seen
in the triazole recipients.  

Caspofungin is a basic polypeptide, a class of drugs
that may cause histamine release from mast cells when
administered intravenously. Reactions consistent with
histamine release were reported in 1.8% of recipients. 

Table 

Pharmacology of Caspofungin

Recommended Dose
Usual 70 mg, then 50 mg q 24 h*

Renal insufficiency 70 mg, then 50 mg q 24 h

Hemodialysis 70 mg, then 50 mg q 24 h

Hepatic insufficiency—mild** 70 mg, then 50 mg q 24 h

Hepatic insufficiency—moderate*** 70 mg, then 35 mg q 24 h

Hepatic insufficiency—severe No data

Pharmacokinetic Parameters****

Peak serum concentration 12.1 µg/mL

Trough serum concentration 1.3 µg/mL

Vd 9.7 L

AUC (0-24 h) 93.5 mg h/mL

α T 1/2 1-2 h

β T 1/2 9-11 h

γ T 1/2 40-50 h

Protein binding 96.5%
*70 mg qd, based on limited data, also appears to be safe 

and may be considered in appropriate circumstances
**Child-Pugh score 5-6
***Child-Pugh score 7-9
****After single 70 mg IV dose 



Caspofungin is embryotoxic in rats and rabbits and
has been classified as Pregnancy Category C. Thus, it
should only be used in pregnancy if the potential benefit
outweighs the potential fetal risk. 

■ COMMENT BY STAN DERESINSKI, MD, FACP
At the time of this writing, caspofungin had received

FDA approval only as a second-line agent in the treatment
of invasive Aspergillus infections. It is likely, however, to
receive approval in the treatment of invasive Candida
infections as well. It has a number of favorable character-
istics that make it a welcome contribution to our antifun-
gal armamentarium. These include its activity against all
clinically relevant species of Candida, its fungicidal activ-
ity against these organisms, as well as its high degree of
tolerability and apparent absence of nephrotoxicity.  

It is likely that caspofungin will find an immediate
role for use in patients with nephrotoxicity or at risk of
nephrotoxicity. It will also prove useful for empiric ther-
apy (and, possibly, prophylactic therapy) of fungal
infections in immunosuppressed patients, as well as pre-
emptive treatment in intensive care patients with sus-
pected invasive candidiasis or aspergillosis. The unavail-
ability of an orally absorbable form of the drug will
obviously limit its outpatient use. 

In addition to further documentation of its effective-
ness in Candida and Aspergillus infections, exploration
of its role in additional fungal infections, such as those
due to P carinii and C immitis, is warranted. Also worthy
of further exploration is its use in combination with other
antifungal agents, especially amphotericin B and itra-
conazole, as well as some drugs in development.   ❖

References
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Bullous Disease in Diabet-
ics? Name that Disease 
C A S E  R E P O R T  

A63-year-old male with a 15-year history of dia-
betes mellitus presented with a poorly healing ulcer

on his right heel. He had significant peripheral neuropathy

but no evidence of vascular disease. For about 3 years, he
had developed recurrent bullous lesions on his feet, which
would inexplicably appear in the absence of trauma. The
lesions measured anywhere in size from 1-5 cm, frequent-
ly involved the plantar aspects of either foot or a 2-3 cm
strip along the edge of the feet, were non-tender, and were
filled with clear fluid. They would gradually involute, usu-
ally leaving no trace, but would occasionally break open
exposing denuded epithelium. One of these lesions unfor-
tunately became infected, progressing to a necrotic heel
ulcer with underlying calcaneal osteomyelitis, despite
attempts at debridement and antimicrobial therapy. 

Biopsy of a noninfected bulli on the opposite foot
showed only a bullous dermatosis without inflamma-
tion. Immunofluorescence stains were negative. 

What is this patient’s problem? 

■ COMMENT BY CAROL A. KEMPER, MD, FACP 
About 100 cases similar to this have been described

in the literature. While perhaps reasonably well known
to dermatologists, this condition is less well known by
primary care physicians, podiatrists, and infectious dis-
ease specialists. It was first described more than 70 years
ago as phlyctenar, meaning “burn-like” blistering. The
term “bullosis diabeticorum” was coined in 1967,1

although the etiology remains unknown. Patients with
this disorder typically have long-standing diabetes, often
with underlying peripheral neuropathy or vascular dis-
ease, although the relationship between these conditions
and the formation of bullae remains uncertain. Lipsky
and colleagues describe 12 such patients during an 8-
year period in the Veterans Affairs Medical Center in
Seattle, Wash,2 suggesting that this disorder may be
more common than suggested by the literature. 

The lesions typically present as painless, fluid-filled
blisters on the toes, or on the lateral aspects or soles of
the feet, without evidence of inflammation, erythema, or
induration. They vary in size from a few millimeters to a
few centimeters. They usually resolve within 2-5 weeks,
often with no residual scarring, unless secondary infec-
tion occurs. Males appear to be more commonly affect-
ed than females, and, thus far, this disorder has only
been described in adults with diabetes.3

The fluid, if aspirated, is proteinaceous and may contain
a few polymorphonuclear cells or eosinophils but is sterile.
Histopathological examination shows no evidence of
immune complex deposition or inflammation, which dif-
ferentiates these lesions from bullous pemphigoid. There
is no consistent pathological finding— some bullae are
intraepidermal and others subepidermal.2,4 Cleavage of the
tissue layers may occur within the epidermis (either sub-
corneal or suprabasilar), or subepidermally. There is no
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evidence of acantholysis. They differ from hemorrhagic
(traumatic) bullae, in that the latter show disruption below
the dermoepidermal junction and disruption of fibrils. 

Treatment should be aimed at keeping the lesions
clean and dry, and protected from trauma and infection.
Large lesions can be aspirated for comfort. Although
they generally heal without complication and little, if
any, scarring, they serve as a portal of entry for infec-
tion, as unfortunately occurred in this patient.   ❖

References
1. Cantwell AR, Martz W. Arch Dermatol. 1967;96:42-44. 
2. Lipsky BA, et al. Int J Dermatol. 2000;39:196-200. 
3. Bodman M, et al. J Am Podiatr Med Ass. 1991;81:

561-563. 
4. Basarab T, et al. Clin Exp Dermatol. 1995;20:218-220. 

The Clinical Microbiology
Laboratory—Quo Vadis
A B S T R A C T S  &  C O M M E N T A R Y

Synopsis: Placing clinical microbiology services and
expertise further from their clients not only jeopardizes
good patient care outcomes but may also waste rather
than save money.

Sources: Guidos R. Clin Infect Dis. 2001;32:604; Peterson L,
et al. Clin Infect Dis. 2001;32:605-611.

The policy statement written on behalf of the
Infectious Diseases Society of America (IDSA) bases

itself on an accompanying article of Peterson and col-
leagues and argues that locating clinical microbiology lab-
oratories away from their clients, namely the patients and
physicians who rely on them, threatens their unique func-
tion in the effective management of infectious diseases. 

First, the laboratory generates information critical for
accurate diagnosis and treatment of infectious diseases,
which requires rapid and reliable transporting of speci-
mens, proficient testing, direct and timely reporting, and
personal interpretation of the results. Second, the laborato-
ry is the backbone of infection control programs. It is hard
to imagine how a laboratory at a distant site can gain and
maintain the intimate knowledge of each and every hospi-
tal that infection control requires when relevant staff are
working elsewhere. Third, the laboratory is the first line of
defense against emerging microbial threats including
antimicrobial resistance and bioterrorism. Although this
aspect can be fulfilled at a distant site, the lack of seamless

communication between those involved and the difficult
logistics in getting the right specimens in a timely manner
to the laboratory inevitably involve delay. Fourth, the labo-
ratory provides critical training facilities for infectious dis-
ease specialists, which by its nature requires integration of
both microbiological and clinical information in order to
understand the ongoing process of infectious diseases. 

The trend toward consolidating these functions in large
institutions to contain costs and improve efficiency actual-
ly means that the local dimension is relegated to the dim
and distant past while the notion that such a conglomerate
can serve several better with fewer staff, at a greater dis-
tance, seems little more than a cruel deception. A survey
of 35 members of a network of clinical microbiology lab-
oratory directors directly involved in centralizing services
showed the top 5 benefits and detriments of consolidating
clinical microbiology services (see Table). 

Peterson et al are not convinced and argue that even if
the consolidated laboratories were to have the necessary
expertise and funding, their remoteness alone would hin-
der them from offering the high-quality necessary to
achieve the highest standard of patient care for several rea-
sons. Specimen handling and transport would be less than
optimal because it would take more time and the delay
would adversely affect microbial viability and, hence,
recovery of pathogens. Even if specimens were to be
processed at the bedside and inoculated on appropriate
medium, this would require a degree of technical expertise
usually only found among laboratory personnel. This need
can only be met by having more personnel, thereby negat-
ing one of the putative cost savings. Other solutions would
involve couriers who would have to contend with the ever
stricter rules regarding transport of dangerous materials.
Communication would be less frequent and, therefore, less
effective. The vast improvements in the techniques for
relaying messages would not overcome this because, sim-
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Table

Benefits and Detriments of Consolidating 
Clinical Microbiology Services

Benefits Detriments

Cost reduction Poor communication between 
clients and laboratory

Improved accuracy of Recurrent problems with timely
performed test specimen transport

Expanded menu of tests Time-consuming customization of
among different facilities reports for various clients

Increased funding for education Poor rapid Gram-stain testing done
at client hospitals

Compromised infection control in 
client hospitals



ply put, people prefer face-to-face contact when discussing
problems and engaging in dialogue. In an age of mobile
messaging, internet highways, and instant contact there is
still no substitute for corridor encounters to discuss imme-
diate and sensitive issues and dropping in to see how
things are going—both near impossible if the persons con-
cerned are at 2 different locations. Advances in health care
would be harder to achieve if the laboratories lost their
direct and close contact with patients since the testing of
new antimicrobial drug products and diagnostic tests
effectively require the close cooperations of physicians
and the laboratory. Last, but not least, future health care
practitioners would be deterred if the laboratory was not in
close proximity to the patients because there is only so
much that can be done during working hours and travel-
ling back and forth would be viewed as a waste of precious
time. Thus, Peterson et al conclude that the management
of infectious diseases is best accomplished by maintaining
clinical microbiology laboratories on the same site as the
health care institutions they serve. 

■ COMMENT BY J. PETER DONNELLY, PhD
I can vouch for the arguments advanced to keep labo-

ratories on-site. My first laboratory was a stone’s throw
from the wards, operating theatres, kitchens, and phar-
macy, and we went back and forth providing each with
the service they required. We did well in all proficiency
tests and the working environment was fruitful, friendly,
and fun. That was 20 years ago in another country and in
another era. Be that as it may, it doesn’t take much imag-
ination to see the sense in what Peterson et al are saying.
Most would prefer a local store to a far off hypermarket,
but they are a luxury we believe we can no longer afford.

Economic imperatives provide the driving force toward
consolidation, and, I fear, the only way to reverse the trend
is to show that local laboratories are cost-effective. The
example set by the Northwestern Memorial Hospital in
Chicago and referred to by Peterson et al must be followed
by others. Briefly, instead of cutting the budget for microbi-
ology, this hospital opted to staff and equip the laboratory to
fully handle local patient care and infection control. It cost
them $400,000 annually, but they measured a savings of $2
million, avoided 285 nosocomial infections, and spared
possibly 10 lives. In reality, no one would actually expect
otherwise. A proactive infection control program that
ensures a clean environment, identifies potential infectious
hazards ahead of time, provides for continuous education
of staff on hygiene, and keeps its staff abreast of new devel-
opments in the field is surely worth having. Similarly, an
intimate knowledge of the microbial pathogens causing
infection and their resistance patterns, the antimicrobial
agents used to treat them, and the true clinical and micro-

bial outcome are essential for optimum drug use and adher-
ence to formularies and would translate directly into cost
savings. Both are self-evidently desirable but require invest-
ment. The return on this investment is almost bound to be
several-fold greater than the outlay. So why isn’t it happen-
ing? The answer is simple. There is no willingness to pay
for it because it seems less urgent than other programs—
reducing waiting lists for operations or reversing the drift of
nurses out of hospitals—both subjects understood by the
public at large and, therefore, damaging to policy-maker’s
images. The issue can also be readily ignored, even by the
media, as it cannot be reduced to sound bites and seems too
remote to matter. In Europe, the issue is further complicated
by the fact that, in contrast to the United States, infectious
disease physicians are a rarity and medical graduates who
specialize in the area of infectious diseases are used by the
laboratory and do not function in the same way. Such staff
are incrementally more expensive than their laboratory
counterparts in the United States and not always viewed
favorably by their surgical and medical peers. While laud-
able, statements such as that made by the IDSA can be eas-
ily dismissed as self-serving. What is needed is for more
institutions to follow the lead taken by the Northwestern
Memorial Hospital in demonstrating measurable benefits
from maintaining a fully funded clinical microbiology lab-
oratory that translate easily into sparing added misery to
patients, reducing antimicrobial resistance, and better hus-
banding of antimicrobial agents. Then, armed with these
data, the ID physicians of America and their clinical micro-
biological counterparts on my side of the Atlantic and,
indeed the rest of the world, should mount a forthright pub-
licity campaign aimed at persuading their clients (ie, the
public at large) that by taking care of the bugs, the dollars
will take care of themselves.   ❖

Some Preventable 
Nosocomial Infections
A B S T R A C T S  &  C O M M E N T A R Y

Synopsis: Environmental contamination led to 2 noso-
comial infection outbreaks. 

Sources: Berrouane YF, et al. Clin Infect Dis. 2000;31:1331-
1337; Weist K, et al. Infect Control Hosp Epidemiol. 2000;21:
761-764.

Both of these articles describe infection out-
breaks that were the result of poor infection control.

In the first article, 7 patients with hematologic malignan-
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cies developed serious infections that were traced back to
a contaminated drain in a whirlpool bathtub. The infec-
tions occurred over a 14-month period. Using culture
surveys and pulsed-field gel electrophoresis (PFGE),
Berrouane and colleagues from the University of Iowa
Hospital found that the whirlpool drain was contaminat-
ed with Pseudomonas aeruginosa. The design of the
drain was such that it closed about 1 in below the drain’s
strainer, allowing for a contaminated reservoir.
Berrouane et al also performed a literature search and
found another report of 17 bathtubs in 16 nursing homes
that were contaminated with P aeruginosa. 

Berrouane et al noted that the particular type of
whirlpool found at the University of Iowa Hospital was a
common one and may be an unrecognized source of noso-
comial infections. Either a design change or thorough dis-
infection between patients is needed to prevent recurrence.

In the second article, 10 neonates who had Staphylo-
coccus aureus pyodermas were compared with 31 new-
borns born at the same university hospital in Germany
who did not have signs of pyoderma or S aureus coloniza-
tion. They determined that in the infected patients, symp-
toms began 2-5 days after hip-joint sonography. It was
determined that the spatula used to apply the sonography
gel was being reused, contrary to the hospital’s infection
control policy. Cultures of it and the gel yielded S aureus
that was indistinguishable from the S aureus isolated from
the neonates as confirmed by PFGE and amplified poly-
morphic DNA polymerase chain reaction (PCR) patterns. 

■ COMMENT BY THOMAS G. SCHLEIS, MS, RPh
Both of these articles reaffirm the need for ongoing

effective and diligent infection control programs. There
are other reports in the literature1,2 in which a breakdown
in infection control procedures resulted in outbreaks of
infection. In The Netherlands, infection and colonization
of the pleural space in 3 patients was traced to contami-
nated thoracic drain equipment.1 In their review, it was
determined that a delay in replacement of the drainage
bottle jar was the main factor responsible. In Denmark,
an outbreak of Pontiac fever among children and adults
was linked to a contaminated whirlpool at a holiday
home.2 Culture and PCR of tracheal aspirate for legionel-
lae was used to confirm the source of contamination.

It is obvious that breakdowns in infection control are
problems worldwide, and there is a need for active
involvement of infectious diseases experts in infection

control programs. Every program should actively review
the literature to proactively determine potential sources
of nosocomial infections, such as whirlpools, and per-
form ongoing surveillance of their programs to ensure
effectiveness. Funding requests for such programs
should include the savings that can be achieved by pre-
vention of nosocomial infections.

Another important message from these articles is how
the use of technology can pinpoint the source of contami-
nation. PFGE and randomly amplified polymorphic DNA
PCR (RAPD-PCR) can be used to track the source of the
infection and help in implementation of corrective plans.
As Berrouane et al and Weist et al pointed out, there may
be a number of outbreaks that are not thoroughly investi-
gated. These methods can assist in identifying the source
of outbreaks that involve small numbers of patients.   ❖
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CME Questions
26. Which of the following is correct?

a. Echinocandin antifungal agents act by binding to ergosterol in
the fungal cell membrane.

b. Caspofungin is fungicidal against Candida albicans in vitro.
c. Caspofungin is predominantly eliminated unchanged by

glomerular filtration.
d. Nephrotoxicity is the dominant adverse effect caused by 

caspofungin.

27. Which of the following is correct?
a. The dominant mechanism of resistance of Candida to caspofun-

gin is by overexpression of fungal efflux pumps.
b. The dose of caspofungin must be decreased in the presence of

moderate to severe renal insufficiency.
c. Caspofungin is a potent inducer of cytochrome P450 enzymes.
d. The dose of caspofungin should be decreased in the presence of

moderate hepatic insufficiency (Child-Pugh score of 7-9).

28. Which of the following is correct?
a. Bullosis diabeticorum is known to be invariably caused by

streptococcal infection.
b. Botfly infestation has been reported in travelers to Costa Rica.
c. Botfly infestation is the result of ingestion of improperly 

prepared sushi.
d. Botfly infestation causes severe gastrointestinal symptoms.

In Future Issues: Isolation Guidelines for Nipah Virus
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Is That an Angry 
Elephant I See? 

Source: Leggat PA, et al. J Travel Med.
2001;8:41-45. 

With the burgeoning worldwide
economy, tourist travel to South

Africa is booming. More than 5.7 million
people visited South Africa in 1998. This
review article, which should be mandatory
reading for travel medicine providers (and
for travelers to the area), presents an excel-
lent discussion of the potential dangers of
visiting wildlife areas and steps to improve
your personal safety. Helpful clues include
how to select a good trail guide, rent the
appropriate vehicle and mobile phone, and
how not to get eaten by lions. 

Serious injuries or fatalities while vaca-
tioning in African reserves due to alterca-
tions with wildlife are unusual. Leggat et al
identified only 14 serious injuries and 7
deaths during the past 10 years as the result
of wild mammal attacks on tourists in
South Africa. Most occurred because of
foolish behavior on the part of a few indi-
viduals—such as leaving the vehicle or
wandering unprotected into potentially
dangerous areas. Animals seldom attack
vehicles—only 2 elephant attacks have
occurred, one because the elephant was
miserable with a foot abscess and another
elephant was interrupted during sex. Good
preparation, common sense, and following
a few basic rules can lead to a safe vaca-
tion. Now you only hope the elephants
have read the same journal article.   ■

Updated Travel
Guidelines for the UK 
Source: EIN Epi: CDC Foot-and-Mouth
Advisory, March 20, 2001. 

As the result of the ongoing out-
break of foot-and-mouth disease

(FMD) in the United Kingdom and Ire-

land, the CDC has released new guidelines
for travelers to these countries. FMD can
be readily transmitted by agricultural prod-
ucts, dirt and fomites, clothing, and other
objects. Although travel from the United
States to the United Kingdom has not been
restricted, travel within these countries
may be more difficult, and travelers may
be disappointed to find that access to rural
areas, camps, country roads and foot paths,
and certain parks have been restricted. 

As a result, the CDC recommends the
following: 1) Do not visit any rural areas,
parks, farms, or zoos within 5 days of
return; 2) Bathe thoroughly and launder
or dry clean all clothes worn during your
trip before your return; 3) Wipe clean all
objects and luggage in your possession
using a bleach solution (5 tbsp bleach to
1 gallon water); 4) Agricultural products,
unpasteurized dairy products, and meats
from swine and ruminants (cows, pigs,
sheep, goat, or deer) are banned from the
United States, as are any other products
from swine and ruminants. 

Travelers should be warned that Cus-
toms Officials are on the lookout for these
products, and persons attempting to circum-
vent these restrictions may be fined. Useful
web sites include: www.maff.gov.uk and
www.cdc.gov/travel.   ■

Breast Lumps 
in Travelers? 
Source: de Barros N, et al. Radiology.
2001;218:517-520. 

De barros and associates report 5
Brazilian women who each presented

with a palpable breast lump of 2-4 weeks
duration, each were associated with some
degree of inflammation. One patient
described serous drainage coming from
the lump, and one complained of pain. In
all 5 cases, mammography revealed an ill-
defined mass, measuring 0.7-2.0 cm in
diameter, 3 of which were associated with

2 linear microcalcifications near the
periphery of the mass. One mass had a
clear radiolucent stripe adjacent to the
microcalcifications. Ultrasonagraphy in 3
patients showed a hyper-echoic mass sur-
rounded by a hypoechoic area. The mass
was seen moving in 1 patient. (To visual-
ize, try: radiology.rsnajnls.org/content/
full/218/2/517/DC). 

What is your diagnosis? Please see
the answer below. 
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It’s a Jungle Out There!

Answer:Cutaneous myiasis occurs
when certain species of Dipterafly lay
eggs in clothing or on the underbelly of
another blood-sucking arthropod, like a
mosquito or tick. Larva emerging from the
eggs that come in contact with exposed
skin can burrow through the epidermis,
where it reaches maturity in the subcuta-
neous tissues by creating a small elongated
cavity with an opening to the skin that
allows it to breathe and eliminate waste.
Mature larva can measure up to 3.0 cm in
length and have 2 small pharyngeal bones,
which act as a hook (the linear microcalci-
fications seen on mammography). 

In the United States, cutaneous myiasis
is usually found in travelers recently
returned from Mexico, Central or South
America, or possibly Trinidad, and is
caused by the botfly, D hominis. Infection
of the human breast is unusual, but any area
of exposed skin (typically the scalp) can be
affected. Patients may note a swelling simi-
lar to a mosquito bite within 1 week after
infection. Within 2-3 weeks, a red subcuta-
neous nodule develops. 

The larva can be extracted through the
opening or by obstructing the opening,
which forces the larva out of its home in
order to breathe. Any number of substances
have reportedly worked to obstruct the
opening (bacon is a favorite), but a little
petroleum jelly or op-site would work. The
lesions usually heal without problem over
several weeks but occasionally become
superinfected, in which case antibiotics
should be administered.   ■


