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Abstract: Fungal infections have been recognized as
major causc of morbidity and mortality in ncutropen-
ic and non-neutropenic surgical intensive care pa-
tients. The incidence of Candida has increased: it is
now the fourth most often isolated pathogen in
bloodstream infections. The incidence of Aspergillus
infection in transplant patients is highest in heart and
lung transplants: 19-26%. Most invasive fungal infcc-
tions in surgical patients are caused by Candida spp.
and Aspergillus spp., less by Cryptococcus spp. and
may be classified as local or organ-related, as (chron-
ic) disseminated, and as fungemia. There is no highly
specific and sensitive routine test for the diagnosis of
Candida and Aspergillus infections available; clinical
signs of fungal infections are rather unspecific. The
significance of colonization remains undetermined.
In non-neutropenic surgical patients central venous
access and broad-spectrum antibiotics are indepen-
dent risk factors for the development of fungal infec-
tion. Immunsuppression, e.g., transplantation, burn
injury, can render patients susceptible to fungal infec-
tion. This has lead to the introduction of antifungal
prophylaxis in transplant and burned patients which
has reduced the mortality for Candida spp. infection
significantly. There is no prophylaxis available against
Aspergillus spp. and Cryptococcus spp.. Treatment of
fungal infections consists of surgical and mecdical
treatment  for  most  organ-related  infections.
Recommendations for the management of fungal in-
fections exist mostly for neutropenic patients, only
few reports address the fungal infection of the surgi-
cal intensive care patient. Amphotericin B has been
recommended as first line treatment for most severe
fungal infections with fluconazole as follow-up treat-
ment. In case of the development of toxic side effects
of amphotericin B, mostly fluconazole or lipid for-
mulations of amphotericin were favored. However, a
shift in Candida strains towards non-albicans spp.
and more resistant species was observed during re-
cent years. This has lead to treatment failures in se-
vere Candida and Aspergillus infections. The progno-
sis for invasive Aspergillus infections remains poor
despite amphotericin B treatment. Newer azoles, e.g.
voriconazole, demonstrated stable activity against
most of these strains and may offer an option in the
treatment of refractory fungal infections.
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INTRODUCTION
Candida and other fungal infections were rarely diag-
nosed until the 70ties. Nowadays, invasive and dis-
seminated fungal infections posc a scrious threat to
surgical patients (Wright and Wenzel 1997). Not only
the incidence of fungal infections has increased sub-
stantially (1.5 — 2 times) during recent years but also
pathogens, which rarcly caused disease in normal in-
dividuals, were more often identified, e.g,
Aspergillus,  Cryptococcus  neoformans,  and
Histoplasma capsulatum (Dunn 2000). ‘This may be
due to several clinical circumstances, ¢.g, more pa-
tients who require surgery are clderly, critically ill, or
immunosuppressed (Cone et al. 1988). The increase
in fungal infections has been attributed to the in-
creased use of immunosuppressive and antineoplastic
agents, prosthetic devices and grafts, broad-spectrum
antibiotics and hyperalimentation (Codish et al. 1979;
Anaissic and Bodey 1989; Berbari et al. 1997).
Surgical procedures such as upper gastrointestinal
tract surgery, liver transplantation or procedures re-
lated to burns or acute necrotizing pancreatitis are as-
sociated with a high incidence of fungal infections
(Edwards 1991; Kusne et al. 1988; Vindenes and
Bjerknes 1993). While bacterial infections declined in
burned patients, fungal wound infection did not
(Becker ct al. 1991). In organ transplant patients fun-
gal infections, e.g., respiratory infections or primary
cutancous fungal infections, arc emerging as signifi-
cant problems (Crawford 1995; Benedict et al. 1992).
Nosocomial infections were reported to be higher in
surgical intensive care unit (SICU) patients than in
medical intensive care unit patients. The SICU pa-
tients had more urinary tract infections, bacteremias,
and wound infections. They were more likely to have
received prior broad-spectrum antibiotics and had
significantly more often endotracheal tubes, arterial
lines, central venous lines, and indwelling bladder
catheters (Craven et al. 1988). Inadequate antimicro-
bial treatment of critically ill paticnts with blood-
stream infections has been associated with increased
mortality, the presence of resistant Candida specics
(Ibrahim et al. 2000) and the development of drug re-
sistance (Alexander and Perfect 1997). The changing
spectrum of invasive candidiasis towards non-albi-
cans species and the increasce in antifungal resistances
underscores the need for development of new anti-



May 31, 2002

fungal compounds, e.g. voriconazole, echinocandins
(Singh 2001). As invasive fungal infections have be-
come an increasing problem in older adults, the treat-
ment with amphotericin B may have to be replaced
duc to toxic side effects with less toxic azoles
(Kauffman 2001).

CANDIDIASIS
COLONIZATION

The clinical significance of Candida colonization is
disputed since years. It has been demonstrated that
gut colonization with candida may contribute to im-
pairment of cell-mediated immunity in the critically
ill patient (Marshall et al. 1988). Candida colonization
was common in the patients who had opecrations, and
levels were highest in those receiving antibiotics
(Jarvis 1996). Candida levels in the oral cavity were
highest in critically ill patients (Mitchell et al. 1982).
Prophylaxis with ketokonazole resulted in a lower in-
cidence of Candida colonization and the absence of
fungal infection (Slotman and Burchard 1987).
Persistent colonization with signs of sepsis, and peri-
toncal contamination and positive blood cultures
were associated with a mortality of up o 83%
(Solomkin et al. 1982). Patients colonized with
Candida showed severe organ dysfunction (Marshall
ct al. 1993). Isolation of Candida spp. within the first
week after surgery has been associated with serious
mortality (55%) (Rantala et
al. 1993). High risk colonized patients may not
always demonstrate perioperative fungemia (Rantala
ct al. 1991). Critically ill paticnts with multiple gas-
trointestinal operations and wound infections often
had multisite colonization together with an increased
mortality. (Slotman et al. 1994) In a recent study it
has been demonstrated that in a group of padents
Candida colonization precede infection with a geno-
typical Candida spp.. A Candida colonization index
demonstrated high predictive values 6 days before the
clinical appearance of Candida infection (Pittet ct al.
1994).  Antibiotics may influence  colonization.
Metronidazole (ID’Ameclio ¢t al. 1995), and amoxicil-
lin-clavulanate caused a higher and more persistent
increase in gastrointestinal colonization by yeasts
compared to other antibiotics, e.g. ciprofloxacin, sul-
famethoxazole-trimethoprim, ampicillin, cefepime or
meropenem (Samonis et al. 1994; Samonis ct al.
2001). The possibility of cross-transmission between
patients and health-care workers has been observed
for Candida albicans, but neither C. glabrata nor C.
parapsilosis (Hedderwick et al. 2000). Despite fre-
quent colomzation in non-neutropenic 1CU patients,
invasive mycoses are rare in non-neutropenic ICU pa-
tients. In contrast to earlier studies, mortuality in pa-
ticnts with fungal colonization in a European trial
was not significantly increased compared to that in
noncolonized patients. Laboratory tests, ¢.g., Candida
HAT, Candida IFT, and the Candida Ramco Antigen
Test, were not very helpful to differentate between
colonization and invasive infection (Petri ¢t al. 1997),
The prophylactic use of antifungal agents in non-neu-
trupenic surgical patients decreased the rate of colo-
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nization but not that of fungal sepsis. Prophylactic
use of these agents may be beneficial only in the high
risk (>3 risk factors according to Slotman and
Burchard) surgical patients (Savino ct al. 1994). The
efficacy of antifungal treatment in most colonized
surgical patients remains undocumented (Solomkin
1996).

INvasiON

A consensus committee established three levels of
probability developed standard definitions for inva-
sive fungal infections: proven, probable and possible
(Ascioglu et al. 2002) (Table 1). The most specific ev-
idence for fungal invasion is the identification of
fungi in sterile tissues along with the growth of the
organism in culture. Invasion of deeper tissues is
commonly surmised by the clinical status along with
culture of the organism at accessible sites, e.g., spu-
tum, urine and blood (Burchard 1992). Invasive can-
didiasis in surgical paticnts may be defined by clinical
signs of infection after surgery, absence of bacterial
pathogens and/or failure to respond to systemic anti-
biotics, cultivation of Candida spp. from normally

Table 1. Definitions of invasive fungal infections.

Proven invasive fungal infection
— deep tissue infection
* histopathologic/cytopathologic  ¢xamination and
evidence of tissue damage
* positive culture in normally sterile tssue and
clinically/radiologicially infective tissuce
* antigen positive for cryptococcus in CSF
— fungemia
* blood culture positive plus clinical symptoms
Probable or possible invasive fungal infection
- host factor
~ microbiological criterion
- clinical criterion

Host factors
—~ neutropenia
— persistent fever despite antibiotic treatment
- immunosuppression
- graft-versus-host discase
— corticosteroid treatment
Microbiological factors
- positive culture for Aspergillus, Candida, Crypto-
coccus from different body locations
= positive antigen test for Cryptococeus, Aspergillus
Clinical factors (respiratory, sinus, CNS)
- radiological evidence (major)
- clinical symptoms (minor)
Disseminated fungal infection
- specific skin lesions
- intraocular findings
Chronic disseminated candidiasis
— abscess in liver/spleen demonstrated by
CT/MRI/US
- increase in serum alkaline phosphatase
Candidemia
No clinical criteria for candidemia

(Modified according to Ascioglu 2002)
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sterile sites or abundant growth in tracheal aspirate,
response to antimycotic therapy, diagnostic serum
antibody test (Geldner et al. 2000). Efforts have been
made to discriminate fungal burn wound colonization
from invasion according to the microbial status
(Becker et al. 1991).

DISSEMINATED CANDIDIASIS

The term systemic candidiasis has been used for can-
dida infection that invades the tissuc beyond the skin
and mucosa, but it does not differentiate hematoge-
nously disscminated candidiasis from a candida infec-
tion that is spread from a local focus to the surround-
ing tissuc. Hematogenous candidiasis has been de-
fined as hematogenous sceding to decp organs.
Chronic hematogenous disseminated candidiasis or
chronic hepatosplenic candidiasis should be pre-
ferred to the term chronic systemic candidiasis.
Specific reference could be made to the site of infec-
tion, c.g, candida peritonitis, candida pncumonia
(Edwards and Filler 1992).

INCIDENCE

In the cighties an increase in surgical fungal infec-
tions from 2.5/1000 discharges to 5.6/1000 discharg-
es was observed (Banerjee et al. 1991). The incidence
of nosocomial candidemia increased from 1981 to
1984 by ecight times with Candida albicans as the
most frequently isolated pathogen (58%), followed by
C. tropicalis (25%), C. parapsilosis (15%), C. glabrata
(6%), and C. lusitaniac (2%) (Harvey and Myers
1987). Candlda moved from the cighth to the fourth
most common nosocomial pathogen in blood and is
detected in 8% to 15% of all nosocomial bloodstream
infections (Banerjee et al. 1991; Beck-Sague and
Jarvis 1993). In recent surveillance reports non-albi-
cans specics, e.g, C. tropicalis, C. parapsilosis, C. kru-
sci, C. lusitaniae, were increasingly isolated in invasive
candidiasis (Pfaller et al. 1998; Wright and Wenzel
1997). Others reported a decrease in C. albicans and
C. tropicalis and an increase in the rate of C. krusei
and C. glabrata infections (Abi-Said et al. 1997).

PATHOGENESIS

Candida colonizes the mucosa of the gastrointestinal
and genitourinary tract. 1t can exist in two forms:
yeast and mycelial (dimorphism). The mycelial form
is invasive. The presence of both forms is considered
pathognomic of invasive infection (Dean and
Burchard 1998). Krause has demonstrated the inva-
sive potential of Candida in 1969 showing that after
ingestion of Candida albicans fungemia and funguria
developed (Krause et al. 1969). In autopsy studies
Candida infiltration of solid organs was documented
(Hickey et al. 1983; Parker et al. 1976). Heavy coloni-
zation of the upper Gl tract due to previous exposure
to broad-spectrum antibiotics and H2 blockers plus
gut barrier failure due to mucosal distruption and im-
paired host immune defense may lead to Candida
translocation and possibly Candida peritonitis, hepat-
ic Kupffer cell dysfunction and candidemia. Candida
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can  adhere  to  fresh  surfaces and  can
invade epithelial and  subepithelial  tissues  via
activation of phospholipases and proteinases
(Ghannoum and Abu-Elteen 1990; Calderone 1989,
Inone et al. 1988; Deitch 1990). The phagocytosis of
C. albicans may be pivotal in the induction of endo-
thelial damage, which may be associated with in-
creased prostaglandin and cytokine secretion and leu-
kocyte adhesion molecule expression by endothelial
cells (Filler et al. 1994; Filler et al. 1995; Filler et al.
1996). ¥-Interferon protected endothelial cells from
damage by Candida albicans by inhibiting endothelial
cell phagocytosis (Fratti et al. 1996). Candidemia may
be caused by endogenous Candida colonization or
cross-infection (Wenzel  1995; Giamarcllou and
Antoniadou 1996; Cole et al. 1996). Portals of entry
for Candida fungemia could be catheters, wounds,
the urinary tract, and the peritoneal cavity. In up to
54% of patients with Candida scpsis portals of entry
were undefined (Dyess et al. 1985). Host recognition
molecules (adhesins), morphogenesis (the reversible
transition between unicellular yeast cells and filamen-
tous, growth forms), sccreted aspartyl proteases and
phospholipases and phenotypic switching accompa-
nied by changes in antigen expression, colony mor-
phology and tissue affinities in C. albicans and several
other Candida spp. have been recognized as virulence
factors (Calderone and Fonzi 2001).

In non-neutropenic patients, central venous cathe-
ter, Foley catheter, broad-spectrum antibiotics, total
parenteral nutrition, upper GI tract surgery, burns,
trauma, continuous ambulatory peritoneal dialysis, i.v.
drug addiction, azotemia, and low birth weight were
found to be risk factors for the development of can-
dida infection. Prior surgery has been associated with
a lowered risk for fungal infection, (Bross et al. 1989;
Slotman et al. 1994) which was not confirmed by re-
cent studies (Blumberg et al. 2001). The number of
prior administered antibiotics has been regarded as
the strongest risk factor (Wey ct al. 1989). It is known
that prolonged antibiotic treatment can suppress the
normal bacterial flora enabling Candida to grow, to
bind to the mucosa and to translocate. Especially in
critically ill surgical paticnts who arc prone to a dimi-
nution of the intestinal barrier, Candida has been iso-
lated from the proximal gastrointestinal tract and the
peritoneal cavity. A strong correlation between the
colonization of the intestinal tract and the develop-
ment of a peritoneal infection with the same species
has been observed (Marshall et al. 1993; Garvey et al.
1989; Burchard 1992; Stone et al. 1974; Samonis et al.
1994; D’Amelio et al. 1995; Volkheimer and Schulte
1968). Major surgery, trauma, burn injury, cancer,
bacterial sepsis, hypoperfusion, corticosteroid treat-
ment, chemotherapy, diabetes, and transplantation
may cause immunosuppression, which may render
patients susceptible to Candida infections (Burchard
ct al. 1983; Alexander et al. 1978; Bjerknes et al. 1989;
Bradley et al. 1984; McLoughlin ct al. 1979; Scovill
and Saba 1973; Kirkpatrick 1984; Thaler et al. 1988).
Candidemia is also often associated with central lines,
which have been identified as an independent risk
factor for the development of fungal infection (Rex
JH et al. 1994; Maid et al. 1997; Beck-Sague and
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Jarvis 1993). In surgical patients severity of illness
(APACHE score > 10, ventilator use > 48 hours),
antibiotics, burns and immunosuppression are com-
mon risk factors (Dean and Burchard 1996).

Mortality of critically ill surgical patients with fun-
gemia was associated with age older than 46 years,
concomitant renal failure, hepatic failure, postopera-
tive shock, or adult respiratory distress syndrome.
Survival was not influenced by diabetes, chronic ob-
structive pulmonary disease, gastrointestinal hemor-
thage, pneumonia, alcohol consumption, steroid use,
enteral or parenteral nutrition. (Eubanks et al. 1993).
Risk factors for candida infection in liver transplant
patients were administration of preoperative steroids
or antibiotics, longer posttransplant operative time,
duration of antibiotic use after transplant surgery,
and the number of steroid boluses administered to
contrul rejection in the first two months after trans-
plantation, rctransplantation, risk scorc, intraopera-
tive transfusion, urgent status, Roux limb biliary re-
construction, bacterial infections and vascular com-
plications (Wajszczuk et al. 1985; Castaldo et al.
1991). This may also lead to Candida pancreatic duct
infection after pancreatic transplantation (Bonatti et
al. 1995). Patients suffering from Candida mediastin-
itis often had received prior antibiotic therapy
(Clancy et al. 1997). Candida peritonitis may be a
complication of peritoneal dialysis, gastrointestinal
surgery or perforation of the abdominal viscus and
there scems to be an increased likelihood of Candida
infection in pancreatic surgery (Bayer et al. 1976,
Calandra et al. 1989, Buchler et al. 2000). Patients
with burns are at risk to be infected by Candida. The
extent of injury may have an impact on the loss of the
intestinal mucosa (Pruitt et al. 1997). There is evi-
dence that T cell dysfunction in burned patients is ac-
companied by a reduction in immunoglobulin levels,
phagocytic function, Interleukin-2 production and in-
creased activity/release of immunosuppressive prod-
ucts. Altered polymorphonuclear neutrophilic granu-
locyte functions in patients with large burns lead to a
reduced killing of Candida albicans by about 25% on
admission (Calvano et al. 1988; Alexander ct al. 1978;
Bjerknes et al. 1989; Gadd et al. 1989; Constantian
1978). A recent study in trauma patients showed by
logistic regression analysis that only total parenteral
nutrition was an independent risk factor (Borzotta
and Beardsley 1999). Padents may be classified ac-
cording to their risk to develop disseminated Candida
infection in high-risk and low-risk patients (Dean and
Burchard 1996) (l'able 2). Risk factors for the devel-
opment of hematogenously disseminated candidiasis
after surgery in non-neutropenic patients were asso-
ciated with advanced life support, eg prosthetic
heart valves (Scelig et al. 1974).

RESISTANCE

Until the 90s reports on resistance in fungal infec-
tons were rare. C. lusitaniae as cause of fungemia was
considered to be important because it is often resist-
ant to amphotericin B and the azoles (Powderly et al.
1988; Blinkhorn ct al. 1989; Guinet et al. 1983;
Mecunier-Carpentier et al. 1981). There is evidence
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that more and more isolates of C. glabrata and C.
krusei may be resistant to amphotericin B (Martinez-
Suarcz and Rodriguez-Tudela 19953; Wanger et al.
1995; Fisher et al. 1989; Karyotakis et al. 1993).
Recently, azole resistance in Candida albicans has
been reported in critically ill patients with invasive
candidiasis (Yoon et al. 1999). Susceptibility testing
(NCCLS M27-A methodology) is available for flu-
conazole, itraconazole, and flucytosine but not for
amphotericin B. Nevertheless, routine testing of sus-
ceptibility in fungal infections is not recommended
(Marr et al. 1997; Rex et al. 1997; NCCLS 1997).
Until recently C. glabrata was considered a relatively

Table 2. Risk factors for disseminated disease —
Classification in high-risk and low-risk patients.

* acute renal failure

* apge above 40

¢+ second and third degree burns
¢ antibiotics for more than 7 days
* three or more antibiotics

* gram-ncgative sepsis

* acute peritonitis

* intra-abdominal abscess

¢+ diabetes mellitus

* cancer

= parenteral nutrition

* multiple organ system trauma

* scrum glucose above 200mg/dl
 severe head injury

* steroid medication

High risk for disseminated fungal infection three and more
risk factors are present, low risk for disseminated fungal in-
fection less than three risk factots are present.

(According to Dean 1996)

nonpathogenic  commensal  fungal  organism  of
human mucosal tissue. However, with the increased
use of immunosuppressive agents, mucosal and
systemic infections caused by C. glabrata have in-
creased which is known to have an innate resistance
to azole antimycotic therapy (Fidel et al. 1999). C,
glabrata has emerged a potentially antifungal resistant
cause of candidemia, particularly among persons
older than 65 years (Dickema et al. 2002).
Fluconazole prophylaxis has been accused for in-
creasing the rate of C. krusei in fungal infections
{Girmenia et al. 2001). Voriconazole demonstrated
higher activity against fluconazole-resistant Candida
albicans and Candida krusei and may be an option for
treatment of fluconazole- and amphotericin-resistant
Candida species (Lee et al. 2000). Animal experi-
ments indicated that voriconazole could be effica-
cious for the treatment of
fluconazole-resistant candida  krusei  infection
(Ghannoum ct al. 1999).

DIAGNOSIS OF CANDIDA INFECTION

Laboratory diagnosis of Candida infection remains
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difficult. Specimens for culture may be obtained from
sputum, urine, blood, drains, stool, and wound.
Unfortunately, diagnosis of Candida by blood cul-
tures may be misleading: bacterial pathogens may
interfere with recovery of Candida and only 50% of
blood cultures in invasive Candida were reported to
be positive (Solomkin et al. 1982; Gaines and
Remington 1972). Simultancous bacteremia and fun-
gemia reduce the recovery of Candida (Hockey et al.
1982). Pusitive blood cultures do not necessarily indi-
cate invasive or disseminated infection (Dyess ct al.
1985; Stone ct al. 1974; Kujath et al. 1990; Rutledge
ct al. 1986). Lysis centrifugation or arterial sampling
has been proposed to increase the yield (Geha and
Roberts 1994; Berenguer ct al, 1993). Several serolog-
ical laboratory tests are available to detect the follow-
ing components: mannan and B-1,3 glucan (cell wall
components), D-arabinitol (cell membrane metab-
olitc), and enolase (cell cytoplasm) (Tkeda ct al. 1990;
Kozinn et al. 1982; Podzorski et al. 1989; Walsh et al.
1991). The latex agglutination test for Candida spp.
has been announced to be a useful procedure for the
rapid diagnosis of severe disseminated candidiasis
with a high sensitivity and specificity (Bailey et al.
1985; Delozier et al. 1987). Recent reports were not
so optimistic. The specificity of the Cand-Tec
Candida antigen assay in the diagnosis of systemic
candidiasis was poor. Candida antigen titers may not
be clinical uscful to detect dissemination (Cabezudo
et al. 1989; Pfaller et al. 1993). For the antibody and
metabolite assays, results showed no difference
between proven disseminated candidiasis and periph-
eral candidiasis (Bougnoux et al. 1990). In a large
European study in intensive care units, the serological
test procedures, Candida HAT (haemagglutination
test), Candida IFT (immunofluorescence test) and the
Candida Ramco Antigen Test had a low specificity
and werc not helpful in diagnosing invasive mycosis
(Petri ct al. 1997). Furthermore, 40% to 60% of pa-
ticnts with proven disseminated candidiasis have neg-
ative blood cultures (Pizzo and Walsh 1990).
Clinical diagnosis of Candida infection is difficult
as most symptoms are nonspecific. Fever may be
resent in most ICU admissions (Circiumaru ct al,
1999). There is no magic test to discriminate fungal
colonization and systemic infection in critically ill
surgical patients; less than 50% of colonized patients
developed disseminated candidiasis or candidemia.
No single site of isolation was superior to others in
predicting which patents are likely to develop
systemic infection (Cornwell et al. 1995). Diagnostic
criteria for disseminated fungal (Candida) infection
are culture of fungus from tissue, the presence of en-
dophthalmitis, burn wound invasion, and positive
peritoncal culture, ostcomyelitis, and candiduria in
the absence of bladder instrumentation. Three or
morc colonized sites, two positive blood cultures at
least 24 hours apart and without a central line, or two
positive blood cultures with a second culture ob-
tained more than 24 hours after removal of a central
line are likely to be diagnostic for invasive fungal in-
fection (Dyess et al. 1985; Slotman et al. 1994; Dean
and Burchard 1998; Edwards ct al. 1992; Fraser et al.
1992). Myalgia, skin lesions and endophthalmitis may
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be symptomatic for disseminated disease (Kozinn et
al. 1982; Bodey and Luna 1974; Jarowski et al. 1978;
Kressel et al. 1978; Donahue et al. 1994). Skin le-
sions, e.g., Purpura fulminans, could provide an carly
diagnostic sign for candida sepsis (Silverman ct al.
1986). Bullous skin lesions could be a sign of dissemi-
nated candidiasis (Suster and Rosen 1987). Clinically
significant candida peritonitis can be differentiated
from contamination by the presence and persistence
of fever, peritoneal signs, peripheral leukocytosis,
positive peritoneal cultures for Candida, abnormal
films of the abdomen and purulent ascites fluid
(Bayer et al. 1976). If risk fuctors that are commonly
associated with fungal infections (cardiac surgery,
prolonged hospitalization, indwelling central lines,
and long term antibiotic treatment) are present, fun-
gal endocarditis is possible (Berbari ct al. 1997).
Common clinical manifestations of candidal medias-
tinitis arc chest wall erythema, drainage, fever, and
sternal instability. Mediastinitis is often complicated
by hematogenous or contiguous  spread  (78%)
(Clancy et al. 1997). Identification of infection in the
orthotopic liver transplant recipient is often difficult
duc to the similarity between the clinical manifesta-
tions of rejection and those of infection. The
patient’s clinical status is most helpful in differentiaz-
ing colonization from an infection (Colonna et al
1988). Somctimes clinical symptoms may not allow
an carly identification of a Candida albicans infection
of an ascending aortic prosthetic graft and a porcine
aortic valve prosthesis which led to a dissecting false
ancurysm of the remaining transverse and entire de-
scending thoracic aorta (Cooley and Burneuw 1993).
Hepatic fungal abscess from Candida albicans or he-
patusplenic candidiasis may be distinguished from
the gallbladder by ultrasound or laparoscopic-guided
liver biopsy (Berger et al. 1977; Antiila et al. 1997).
Burn wound infection may be recognized by charac-
teristic lesions (Becker et al. 1991, Pruitt et al. 1998).

CANDIDEMIA AND ACUTE HEMATOGENOUSLY
DisSEMINATED CANDIDIASIS

Candida bloodstream infections are often accompa-
nied by clinical signs of sepsis and a high morality
(Wey ct al. 1988). In ncutropenic patients the role of
the gut as source of infection is evident. The signifi-
cance of catheter as source of infection in ncutropen-
ic patients is unclear with the exception for Candida
parapsilosis, which has been frequently associated
with catheter infection (Anaissie et al. 1998; Nguyen
et al. 1995). In nonncutropenic patients removal of
all existing central venous catheters is warranted
(Nguyen et al. 1995; Rex et al. 1995).

Systemic treatment may be started with flucona-
zole or amphotericin B. Two randomized studies and
2 observational studies have demonstrated that flu-
conazole at 400 mg/d and amphotericin B at 0.5-0.6
mg/kg/d were equally cffective (Rex ct al. 1994;
Phillips ¢t al. 1997; Anaissic et al. 1998; Nguyen et al.
1995). Amphotericin B lipid complex and liposomal
amphotericin B, which are causing less toxic effects,
have been recommended for treatment of patients in-
tolerant of or refractory to conventional antifungal
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therapy (Walsh et al. 1998; Noskin et al. 1998,
Anaissie et al. 1995). Susceptibility testing is available
to identify isolates that are likely to be resistant to
fluconazole or amphotericin B. Therapy for candide-
mia should be continued for 2 weeks after the last
positive blood culture and resolution of clinical signs
of infection. Fluconazole may be used to continue
treatment after amphotericin B as initial treatment
(Rex et al. 2000; Edwards et al. 1997). In neutropenic
patients, G-CSF and GM-CSF may be administered
additional to antifungal agents (Hughes ct al. 1997).
All patients with candidemia should have a retinal ex-
amination. Candida infection of the eyc has been
considered a marker for disseminated disease.
Amphotericin B may be combined with flucytosine,
fluconazole may be used as follow-up therapy.
Treatment may be nccessary for 6-12 weceks, until
complete resolution of visible disease or stabilization.
Occasionally vitrectomy has been performed (Rex et
al. 2000; Edwards et al. 1974; Myers et al. 1973; Akier
ct al. 1995) (Table 3). The investigational triazoles
posaconazole, ravuconazole, and voriconazole
showed a high activity against all species of candida
isolated from bloodstream infections, whereas a trend
in decreasing susceptibility was demonstrated for flu-
conazole, itraconazole and amphotericin B (Pfaller et
al. 2002). Voriconazole was also significantly more
active than fluconazole against C. glabrata (Pfaller et
al. 2001). When compared to fluconazole, itracona-
zole, ketoconazole, amphotericin B and flucytosine,
voriconazole demonstrated the best activity against
Candida species isolated from bloodstream infections
(Hoban et al. 1999).

EMPIRICAL THERAPY FOR SUSPECTED DISSEMINATED
CANDIDIASIS IN FEBRILE NONNEUTROPENIC PATIENTS

Colonization by Candida of multiple nonsterile sites,
broad-spectrum antibiotics, central venous catheters,
parcnteral nutrition, surgery of the gastrointestinal
tract or prolonged ICU stay have been recognized as
risk factors for invasive candidiasis (Pittet et al. 1994;
Wey et al. 1989; Fraser et al. 1992). There is no clear
recommendation for antifungal therapy in these pa-
tients. The antifungal treatment should be limited to
high-risk patients with colonization at multiple sites
and absence of other reasons for fever (Rex et al.
2000). In surgical high-risk patients (according to the

classification of Dean and Burchard 1996) the indica-
tion for treatment may be adapted to the recommen-
dations of the British Society for Antimicrobial
Chemotherapy (Table 4).

EMPIRICAL ANTIFUNGAL THERAPY FOR NEUTROPENIC
PATIENTS W1TH PROLONGED FEVER DESPITE
ANTIBACTERIAL THERAPY

Neutropenic patients with persistent fever despite
antibiotic treatment have a risk of approximatcly 20%
to develop invasive fungal infection (Pizzo et al.
1982; EORTC 1989). Empirical antifungal therapy
may reduce the frequency of fungal infection.
Itraconazole has been introduced as an alternative
therapy to amphotericin B (Walsh et al. 1991; Pizzo et
al. 1982; EORTC 1989). Liposomal amphotericin B
has demonstrated equivalent efficacy to amphotericin
B but was supecrior in safety, tolerance and document-
ed breakthrough fungal infections (Walsh et al. 1999).
Amphotericin B (0.5-0.7 mg/kg/d) is the preferred
antifungal agent when patients suffer from fever de-
spitc antimicrobial trecatment (4-6 days). Liposomal
amphotericin B (3mg/kg/d median dose) is equally
cffective (Rex et al. 2000). In a comparison with lipo-
somal amphotericin B for empirical antifungal thera-
py in patients with ncutropenia and persistent fever
voriconazole had a similar overall success rate (30.6%
versus 26%) (Walsh et al. 2002).

CHRONIC DISSEMINATED CANDIDIASIS
(HEPATOSPLENIC CANDIDIASIS)

This syndrome, which occurs mostly in patients with
hematologic malignancies, is often referred to as he-
patosplenic candidiasis, chronic systemic candidiasis,
or chronic disseminated candidiasis. Patients usually
present with non-ncutropenic fever, unresponsive to
antibiotics and abnormal liver function tests. In imag-
ing studies there may be focal lesions in the liver or
spleen (Kontoyiannis et al. 2000; Chun et al. 1980).
The optimal treatment is not yet established. In se-
lected cases, splenectomy or percutancous drainage
may be beneficial (Helton et al. 1986). Amphotericin
B, amphotericin B lipid complex and fluconazole
were cqually effective in the treatment of chronic dis-
seminated candidiasis (Thaler et al. 1988; Walsh ct al.
1995, Walsh ¢t al. 1997; Kauffman ct al. 1991;

Table 3. Recommendation for therapy of candidemia and acute hematogenously disseminated candidiasis.

Clinical situation

Stable patients without prior azole therapy
Clinically unstable patients with unknown isolate
C. albicans, C. tropicalis, C. parapsilosis

~

o glabrat;

C. krusei
C. lusitaniac

Therapy
Fluconazole >6mg/kg/d
Amphothericin B (>0.7mg/kg/d) or fluconazole

Amphotericin B (0.6 mg/kg/d) or fluconazole
(6 mg/kg/d)

Amphotericin B as initial therapy (>0.7 mg/kg/d) or
fluconazole (12 mpg/kg/d)

Amphotericin B (1.0 mg/kg/d)
Fluconazole (6 mg/kg/d)

(Rex JH 2000; Edwards JIE 1997)
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Table 4. Indication for empiric antifungal therapy.

* candiduria in a high-risk patient with deteriorating
clinical status

* single Candida-positive blood culture in an at-risk
paticnt

* isolation of Candida from any sterile body site (except
urine)

* positive microscopy for yeast from a sterile specimen

* histologic evidence of yeast or mycelial forms in
tissue from at-risk patients

(British Socicty for Antimicrobial Chemotherapy, Working
Party Reccommendations 1994)

Anaissic ct al. 1991). In stable patients fluconazole (6
mg/kg/d) is the recommended initial treatment of
choice, amphotericin B (0.6-0.7 mg/kg/d) in acutely
ill patients or patients not responding to fluconazole.
Alternatively, an initial treatment with amphotericin
B for 1-2 weeks followed by fluconazole may be ac-
ceptable. Therapy is continued until calcification or
resolution of lesions (Rex et al. 2000; Edwards et al.
1997).
URINARY CANDIDIASIS

The risk for urinary candidiasis is increased in pa-
tients with urinary tract instrumentation, antibiotic
therapy and advanced age. In surgical intensive care
patients Candida is the most frequent isolated patho-
gen in urine. However, in most instances it is only
colonization (Wise and Silver 1993; Hamory and
Wenzel 1978). Candiduria may be the source of dis-
semination or a marker of acute hematogenous dis-
scmination (Wise et al. 1993; Ang ct al. 1993;
Nassoura et al. 1993). A change of urinary catheter
may climinate candiduria in only 20% of cases,
whereas removal of the catheter may stop candiduria
in 40% of the patients (Sobel et al 2000).
Asymptomatic candiduria rarely requires therapy.
Candiduria should be treated in symptomatic pa-
tients, neutropenic patients, renal transplant patients
and patients with procedures in the urinary tract.
Removal of catheters, whenever possible, is recom-
mended. Fluconazole (200 mg for 7-14 days) or am-
photericin B (0.3-1.0 mg/kg/d for 1-7 days) may be
usced for the treatment of candiduria. In the absence
of renal insufficiency, oral flucytosine (25
mg/kg/q.i.d.) may be used especially in candiduria
with non-albicans Candida species. Bladder irrigation
is seldom indicated. Persistent candiduria warrants
CI' scan of the kidneys (Jacobs et al. 1996; Leu and
Huang 1995; Fong et al. 1991; Rex et al. 2000). While
Candida albicans and Candida tropicalis urinary iso-
lates from 1994 to 1998 demonstrated increased re-
sistance against fluconazole, the minimal inhibitor
concentrations (MICs) for voriconazole remained
constant (Baran et al. 2000).

CANDIDA INFECTION OF THE GALLBLADDER,
PANCREAS, AND PERITONEUM

11 studies in surgical patients, which included mainly
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intra-abdominal fungal infections, reported a mortal-
ity rate of 23% - 84%. 5 studies in surgical patients
were randomized controlled clinical studies mostly
investigating the therapeutic effect of fluconazole
(Table 5). Candida peritonitis may occur in patients
with peritoneal dialysis and in association with sur-
gety or trauma to the intestine. In the latter case
Candida infection is usually part of a polymicrobial
infection. ‘Treatment of Candida is indicated in im-
munosuppressed patients or when Candida is part of
a complex infection (Bayer et al. 1976; Solomkin ct al.
1980; Calandra ct al. 1989). Candida has been isolated
as the sccond most common pathogen in surgical pa-
tients with tertiary peritonitis (Nathens et al. 1998,
Rotstein et al. 1986; Marshall ct al. 1988 ), or cven as
the most frequent pathogen in secondary peritonitis
(Sawyer et al. 1992). The microbiology of intra-ab-
dominal infections is different: Candida may be more
often isolated from patients in surgical intensive care
unit or in specimens from pancreas (Holzheimer et
al. 1990). In peripancreatic sepsis Candida is much
morte frequently isolated than previously recognized
and may be associated with a high mortality (42%)
(Aloia ct al. 1994). Surgical interventions and removal
of infected peritoneal fluid have been the corner-
stones of therapy together with short-term, low-dose
systemic and/or intraperitoneally administered am-
photericin B and fluconazole (Bayer et al. 1976;
Goldic et al. 1996; Eisenberg et al. 1986; Levine et al.
1989; Michel et al. 1994). Fluconazole has reduced
the likelihood of developing symptomatic Candida
peritonitis in case of recurrent perforations of the gut
or anastomotic leakage (Eggimann ct al. 1999).
Candida infection of the biliary tree is best treated by
a combination of surgical therapy with restoration of
the drainage and amphotericin B or fluconazole
(Adamson ct al. 1989). Recent guidelines emphasize
that in catheter-associated peritonitis removal of the
catheter and amphotericin B or fluconazole treatment
is nccessary. Candida peritonitis associated with per-
foration of the gastrointestinal tract or anastomotic
leakage is best treated by source control, drainage and
amphotericin B or fluconazole. The duration of ther-
apy is in general 2-3 wecks, depending on the re-
sponse of the patient. Antifungal prophylaxis may be
beneficial in patients with recurrent gastrointestinal
perforations (Rex et al. 2000).

CANDIDA ENDOCARDITIS, PERICARDITIS, AND
SUPPURATIVE PHLEBITIS

Candida endocardits, pericarditis and suppurative
phlebitis are associated with a high mortality (Walsh
et al. 1980). Vascular lines, non-cardiac surgery, im-
munosuppression and injection drug abuse are recog-
nized as increasing risk factors for fungal endocar-
ditis (Ellis et al. 1995). 270 cases of fungal endocar-
ditis were reported during 30 years (1965-1995) in the
literature with Candida albicans (24%), non-albicans
species  (24%),  Aspergillus  species  (24%), and
Histoplasma species (6%) as leading pathogens (Ellis
et al. 1995). Mycotic aneurysms are rare and were de-
tected in 12 cases of 22,792 autopsies (Parkhurst and
Decker 1955).
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Table 5. Studics on local, disseminated candidiasis or candidemia in surgical patients.

Author Year Study (Type) Infeetion Paticnts (n) Mortality {%)
Dennis 1968 R Candidemia 5 60
Bernhardt 1972 R+A Disseminated 14 -
Rodrigues 1974 R Candidemia 30 56.0
Ackerman 1975 R Intra-abdominal 23 35
Bayer 1976 R Peritonitis 3 16
Solomkin 1980 R Peritonitis 56 71
Develoux 1982 R Disscminated 23 65
candidiasis
Solomkin 1982 R Different 47 43-83
Solomkin 1982 R Candidemia 63 Untreated 83
Ampho B 33
Burchard 1983 R Candidemia 63
Marsh 1983 R Different 55 38
Dyess 1985 R Candidemia 83 52
{synchronous
bacteremia)
Slotman 1987 RCT Candidemia 57 60
Verghese 1988 R Candidemia 14 78
Alden 1989 R Intra-abdominal 13 23
Calandra 1989 R Intra-abdominal 49 31
Kujath 1989 P Different 26 35
Kujath 1990 R Peritonits 12 67
Kujath 1990 p Peritonitis 10 30
Rosemurgy 1990 R Candidosis 33 8
Nolla-Salas 1992 P Candidemia [ 0
Eubanks 1993 R Candidemia 46 57
Kujath 1993 RCT Different 40 Fluconazole 30
Control 25
Nassoura 1993 R+P Candiduria 47 Control 53
Disseminated Fluconazole 5
candidiasis
Aloia 1994 R Pancreatic 17 42
Pittet 1994 P Different 29 Infected 55
Colonized 11
Savino 1994 RCT Different 292 14
Slotman 1994 R Candidemia 36 47
Cornwell 1995 R Different 129 36.3 diss. Infection
D'Amelio 1995 P Different 32 15.6 colonized
Safran 1997 R Different 72 44
Hoerauf 1998 R Pancreatic 13 54
Borzotta 1999 R Different 20 10.8
Eggimaan 1999 RCT Intra-abdominal 49 Fluconazole 30
Placebo 50
Geldner 2000 R Intra-abdominal 8 12.5
Pneumonia
Gotzinger 2000 R Pancreatic 3 84
Rocco 2000 R Different 137 Fluconazole 40
Without flucona.
zole 20
Kappe 2001 R Different 69 20
Pelz 2001 RCT Diffcrent 260 12

R = retrospective A = autopsy I = prospective  RCT = randomized

Fungal intravascular graft infections are uncom-
mon. In a 20-year period from 1966 to 1986 14 docu-
mented infections were reported which were mostly
caused by Candida and Aspergillus species (Doscher

ct al. 1987). Infected valves, infected peripheral veins
and infected pericardial tissue have to be replaced.
Suppurative infection of the central veins may be
treated with amphotericin B (Muchrcke et al. 1995;
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Schrank and Dooley 1995; Strinden et al. 1985; Jarrett
ct al. 1978). Suppurative peripheral thrombophlebitis
is best treated by removal of the infected vein and ei-
ther amphotericin B or fluconazole for two wecks
(Walsh et al. 1986; Rex et al. 2000). "T'otal duration of
therapy may be better in some instances longer than
6 weeks after surgery. Candida endocarditis is likely
to relapse and a follow-up of more than one year is
recommended (Johnston ct al. 1991). Life-long thera-
py with fluconazole is required in cases the valve can-
not be replaced (Baddour 1995). In Candida pericar-
diis the surgical debridement is the cornerstone of
therapy together with prolonged therapy with am-
photericin B or fluconazole (Rabinovici et al. 1997).
Especially when immunocompromised solid organ
transplant recipients are exposed to gastrointestinal
endoscopic procedures there may be at a greater risk
for the development of subsequent candida septice-
mia (Sailors et al. 1996).
CANDIDA MENINGITIS

Candida meningitis is an infection, which often fol-
lows candidemia in newborns. However, it may also
be associated with neurosurgical operations (Smego
ct al. 1984; Nguyen and Yu 1995). Amphotericin B
(0,7-1,0 mg/kd/d) plus flucytosine 25 mg/kg qid has
been recommended as initial therapy (Rex et al. 2000,
Smego et al. 1984; Nguyen and Yu 1995; Rex et al.
2000).

CANDIDA PNEUMONIA

Candida pneumonia, primary or sccondary, has been
associated with high moruality in patients with malig-
nant tumors. Secondary Candida pneumonia may be
observed in hematogenously disseminated candidiasis
(Haron et al. 1993; Panos et al. 1988; Masur et al.
1977). Colonization of the upper airways with
Candida is common which renders diagnostic results
bascd solcly on microbiological data insufficient (El-
Ebiary et al. 1997). Primary Candida pneumonia may
be best treated by amphotericin, Candida pneumonia
due to hematogenously disseminated Candidiasis may
be treated as disseminated discase (Rex et al. 2000).

CANDIDA OSTEOMYELFFIS, MEDIASTINITIS, AND
ARTUHRITIS

Hematogenous spread of Candida may be responsible
for Candida ostcomyclitis, which may also be found
secondary to postoperative wounds, as a late compli-
cation of fungemia, or sometimes as rib osteomyelitis
in children and young adults (Gathe et al. 1987; Ferra
et al. 1994; Bishara et al. 2000). Osteomyelitis was
also discovered as complication in liver transplant pa-
uents. Medical treatment with Amphotericin B and
flucytosine was successful (Jonnalagadda et al. 1996).
The mortality rate has been reported to be 15%.
(Miller and Mcjicano 2001). Candida mediastinitis,
which may be caused by esophageal perforation and
trauma, is a rarc discasc; 39 cases of Candida medias-
tinitis after cardiac operation have been described
until 1990. Aggressive surgical management with
mediastinal  drainage, sternal  dcebridement, early
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wound closure with vascularized flaps is best com-
bined with amphotericin B or fluconazole treatment.
‘The mortality rate was 55% in the postoperative sct-
ting (Glower et al. 1990; Clancy et al. 1997; Lew et al.
1995). According to recent recommendations cases
with nonpurulent sternomediastinitis and no soft tis-
suc or bone necrosis (type 1) may be treated with re-
opening, drainage, sternal stabilization, and primary
closure. Virulent infections with tissue necrosis (type
1) may be best handled with reopening, several davs
of open management, and debridement then sccon-
dary closure with viable tissue (usually muscle flaps).
Chronic smoldering infections (type IIT) are usually
best managed with debridement and  muscle-flap
coverage (Robicsek et al. 2000). Osteomyelitis is best
treated by  surgical  debridement  initially.
Amphotericin B (0.5-1,0 mg/kg/d) for 6-10 wecks or
fluconazole (6 mg/kg/d) for 6-12 months were both
successfully used; fluconazole may be used as follow-
up therapy after treatment with amphotericin B
(Almckinders and Greene 19915 Ferra et al. 1994,
Hennequin ec al. 1996: Sugar et al. 1990; Tang 1993;
Rex et al. 2000). Candida arthritis may require resec-
tion arthroplasty with removal of the prosthetic joint.
Drainage is often a cornerstone of successful therapy
(Weers-Pothoff et al. 1997; Tunkel et al. 1993).

OROPHARYNGEAL AND ESOPHAGEAL CANDIDIASIS

Candida esophagitis has been described as an occa-
sional complication in patients with compromised
immune system such as malignancy of the hemato-
poetic system or diabetes. (Mathicson and Dutta
1983). Presence of oropharyngeal candidiasis and
symptoms of esophagitis were predicitive of esopha-
geal candidiasis (Wilcox ct al. 1995). Oral thrush may
be a reliable marker for esophageal candidiasis in can-
cer patients reserving routine endoscopy for patients
with persistent thrush and symptoms despite antifun-
gal therapy (Samonis ct al. 1998). There was a 2.3%
incidence of candida esophagitis in patients undergo-
ing renal transplantation in diabetic patients and
0.7% in nondiabetic patients. Perforation of the
esophagus was treated surgically followed by discon-
tinuation of immunosuppressive drugs and aggressive
treatment with oral and parenterally absorbed fungal
agents (Jones et al. 1982). Despite nystatin prophylax-
is, Candida csophagitis was diagnosed in 2.2% of
renal transplant padents (Frick et al. 1988). With the
increased use of antibiotics and immunosuppressive
agents oropharyngeal candidiasis is becoming more
common. This infection was associated with chemo-
therapy and organ transplantation and with HIV in-
fection (Epstein and Polsky 1998).. In patients with
cither AIDS or esophageal cancer C. albicans, alone
or in mixed culture, remains the most often isolated
species when Candida esophagitis is present (Bhatia
et al. 1989; Sangeorzan et al. 1994). Recently C. glab-
rata and C. krusei have been detected as causative or-
ganisms (Phillips et al. 1996). In case of oropharyn-
geal candidiasis treatment may be started with clo-
trimazole or nystatin. Oral fluconazole (100 mg/d for
7-14 days) or itraconazole solution (200 mg/d 7-14
days) are equally effective. Amphotericin B may be
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used in refractory disease. In esophageal candidiasis
systemic treatment with either fluconazole (100 mg/d
orally for 14-21 days) or itraconazole solution (200
mg/d orally) are recommended. Ketoconazole or it-
raconazole capsules are less effective. Intravenous
amphotericin B (0.3-0.7 mg/kg/d) may be used in re-
fractory disease. (Rex ct al. 2000; Lake et al. 1996).
In a randomized, double-blind trial in the treatment
of esophageal candidiasis in immunocompromised
patients voriconazole (200 mg, b.i.d.) demonstrated at
least equal effectiveness compared to fluconazole
(Ally et al. 2001).
CANDIDA INFECTION IN BURNS

In 15 studies on fungal infections in burned patients
from 1972 to 2001 the mortality rate decreased from
80-100% to approximately 10% in recent studics
(Table 6). 30% - 63% of patients with burns were re-
ported to have positive cultures for Candida.
Candidemia occurred in 3%-5% burned patients with
a crude mortality rate ranging from 50%-70%
(MacMillian et al. 1972; Spebar and Pruite 1981).
Before the introduction of prophylaxis with nystatin,
invasive Candida sepsts was associated with a high
mortality (up to 80%). It has been suggested that ju-
dicious use of broad-spectrum antibiotics and expe-
ditious closure of the burn wound may reduce the in-
cidence of burn wound infection (Spebar and Pruitt
1981; Prasad et al. 1987, Jarrett et al. 1978). A steady
increase in non-candidal infection from 40.8 to 67%
has been reported with a stable mortality of approx.
80% in the Candida spp. and a significant drop in
mortality to 25% for non-candidal species in 1978,
Local surgical control of the infected portion of burn
wounds was considered to be an effective way of im-
proving survival in noncandidal burn wound infec-
tions; surgical excision of burn wound did not alter
the poor prognosis of paticnts with Candida invasion
(Spebar et al. 1982). With early recognition of burn
wound invasion by routine biopsies, wound swabs,
and early amphotericin therapy, the mortality has
been reduced to 14% and Candida burn wound infec-
tions were almost completed wiped out (Desai et al.
1987; Desai and Herndon 1988, Heggers ct al. 1989,
Desai et al. 1992). Aggressive catly burn excision and
grafting, avoidance of invasive monitoring and cen-
tral hyperalimentation lines together with enteral nys-
tatin and a judicious use of antbiotics lead to the as-
sumption that Candida no longer was a problem for
the burned patients (Grube et al. 1988). Yet, wound
cleaning and staged carly excision in patients with
large burns may induce bacteremia or fungemia
(Vindenes and Bjerknes 1993). Despite wide surgical
excision 10% of burned patients died of disseminated
fungal disease (Becker et al. 1991). Not all prophylac-
tic  regimens  (Polymyxin  E,  Tobramycin,
Amphotericin B) were successful in decreasing bacte-
rial colonization and infectious episodes in burned
patients (Barret ct al. 2001).

CANDIDA INFECTIONS IN TRANSPLANT PATIENTS

The prevalence of invasive fungal infections in solid
organ transplant patients ranges from 5% to 50% in
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kidney and liver transplants, respectively. Candida
species and Aspergillus spp. account for approx. 80%
of fungal episodes in both solid organ transplants
and bone marrow transplants (Dictar et al. 2000).
Orthotopic liver transplantation is prone to severce
fungal infection, with a reported incidence of 16% to
45%. Candida species accounted for approximately
B0% and Aspergillus for 20% (Kusne 1988; Castaldo
et al. 1991) (lable 7). Liver transplant patients are
often colonized with Candida (Ascher et al. 1988).
However, the role of fungal infections has been in
dispute when compared to technical problems, rejec-
tion and bacterial sepsis. (Schroter et al. 1977).
Opportunistic fungal infections resulted in a 100%
mortality in other studies (Kirby ct al. 1987). During
a 50-month period, Castaldo et al. recorded 91 epi-
sodes of fungal infection, mostly Candida (83.5%) in
72 liver transplant recipients (23%). Clinical patterns
of infection included disseminated infection (19),
peritonitis (17), pneumonitis (15), multiple sites of
colonization (13), fungemia (11), and other sites (16).
Fungal infections were successfully treated with am-
photericin B in 63 cases (74.1%) and were associated
with increased mortality (50% versus 16.5%)
Retransplantation, risk score, roux limb biliary recon-
struction, steroid dose, bacterial infections and anti-
biotic therapy, and vascular complications were iden-
tified as risk factors for the development of fungal in-
fection (Castaldo et al. 1991). Patients who had two
and more risk factors (retransplantation, creatinine of
> 2.0 mg/dl., choledochojejunostomy, intraoperative
use of ( 40 units of blood products, fungal coloniza-
tion within the first three days after transplantation)
were at increased risk for invasive fungal infections
(Karchmer et al. 1994; Hadley et al. 1995; Collins ct
al. 1994). In 26 paticnts with candidemia, the overall
mortality rate was 81%, 71% of which were related to
candidemia. Hyperglycemia that required insulin and
cxposure to more than three antibiotics were the fac-
tors associated with the development of candidemia
in liver transplants (Nicto-Rodriguez et al. 1996).
Four independent variables predicted fungal infec-
tion: low pre-transplantation hemoglobin, high pre-
transplantation bilirubin, return to surgery, and pro-
longed therapy with ciprofloxacin (Wade et al. 1995).
Amphotericin B (10-20 mg/d), liposomal amphoteri-
cin B (AmBisome 1 mg/kg/d), and fluconazole (400
mg/d) may reduce the fungal colonization and the
risk for serious fungal infection (Kung et al. 1995;
Tollemar et al. 1995). Liposomal amphotericin B plus
oral itraconazole versus i.v. fluconazole + oral itra-
conazole prophylaxis did not change single organ or
systemic infection rate in liver transplant patients
(Biancofiore et al. 2001), nor did selective bowel de-
contamination with gentamicin, polymyxin E, nysta-
tin (Arnow et al. 1996; Colonna et al. 1988). In heart
transplants, an infection rate of up to 57.6%, with an
infection-related mortality of 5.2%, has been report-
ed (Linder 1988). Especially a disruption of the aorta
at the anastomotic site caused by Candida may be as-
sociated with a 100% mortality rate (Dowling ct al.
1990). Acalculous cholecystitis mostly caused by
Candida has been reported in 15 cases with a 40%
mortality as complication of heart transplantation.
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Table 6. Fungal infections in burn injury.
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Author Year Study Infection Patients Mortality

Law 1972 R Disseminated 15 100

MacMillan 1972 R Disseminated 22 63.6

Gauto 1977 R Disseminated 15 7

Jarreu 1978 P Candida infection 20 -

Spebar 1981 R Candida sepsis 52 76.9

Spebar 1982 R Candida infection - Candida infection:

versus non-candida 1973-1977
infection 83.3
1978
87.5
non-candida
infection:
1973-1977
87.4
1978
25

Desai 1987 R Candida scepsis 21 14.3

Prasad 1987 R Candida sepsis 173 15.7

Desai 1988 R Candida sepsis 472 with nystatin -~ No burn wound

prophylaxis infection

Grube 1988 R Caadida sepsis 3 3%

Heggers 1989 P Candida sepsis 90 No candida sepsis

Bucker 1991 R Disseminated 209 10%

Desai 1992 R Candida infection  34/496 38% candida scpsis
but no candida
related death

Vindenes 1993 P Fungemia 28 214

Barret 2001 RCT Candida infection 23 SDD not effective

R = retrospective P = prospective RCT = randomized

Table 7. Incidence of fungal infection, otganisms, and mortality in solid-organ transplant patients,

Kidney Pancreas/kidney- Liver Heart Lung/lung-heart
pancreas

Invasive fungal +4.8-6 19.35 7.5-42 +4.2-20 14-35.7
infections
Type of organism
C. spp. 18-63 100 18-100 0.03-26 42-100
Aspergillus spp. 2-26 NR 1.5-23 70-74 20-50
Cryptococcosis 0.5-47 NR 1-3 0.03 3.5-20
Mortality
C. spp. 23-7 Unknown 10.3-59 NR 27
Aspergillus spp. 20-100 - 50-100 32-64 21-100

{(According to Fadley and Karchmer 1995)

Surgical therapy consisted of drainage or cholecystec-
tomy (Mandak et al. 1995). Mycotic aortic ancurysm
after heart transplantation was reported in 10 cases
until 1996. Surgical treatment consisted of pericardi-
um patch or allograft. 1 paticnt died (Knosolla et al.
1996). Constrictive pericarditis due Candida was as-
sociated with a high mortality despite surgical drain-
age and pericardiectomy (Canver et al. 1998). In lung

transplantation, anastomotic infection is an infre-
quent complication, but may be caused predominant-
ly by fungal pathogens, despite fluconazole prophy-
laxis (Hadjiliadis et al. 2000; Horvath et al. 1993).
After pancreatic transplantation an infection rate of
33% has been reported with Staphylococcus epider-
midis and Candida as the leading organisms. Decp
and combined wound infection led to allograft loss
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despite subsequent salvage procedures. Deep wound
infection should be an indication for removal of the
allograft. Antifungal prophylaxis, stringent donor cri-
teria, and delayed primary wound closure should
lower the incidence of wound infection (Everett et al.
1994; Hesse et al. 1986). Candida infection may also
involve the pancreatic duct (Bonatti et al. 1995).
Fluconazole (400 mg/d) prophylaxis in pancreatic
transplant patients reduced the rate of intra-abdomi-
nal fungal infections from 10% to 6%. Patients with-
out infection had a significant improvement in 1-ycar
graft survival and overall survival (Benedetti et al.
1996). There has been reported an 8.8% incidence of
pulmonary infection in renal transplant patients
(Russo and Marks 1976). Pathogenic specimens were
obtained by bronchial washing, brushing, or trans-
bronchoscopic biopsy (Chatterjce ct al. 1978). In a
more recent study, 19/224 renal transplant patients
suffered from pncumonia. Fungal infections were
caused by Candida and Aspergillus. The majority of
patients who died had Candida pncumonia (Hesse ct
al. 1986).

INVASIVE ASPERGILLOSIS

Aspergillus is 2 monomorphic mycelial fungus, c.g.,
A. fumigatus, A. flavus, A. niger, A. nidulans, A. ter-
reus. Aspergillus infection has been classified accord-
ing to Bodey et al. (1989) as disease in the normal
host, infection associated with tissue damage or for-
cign body, and infection in the immunocompromised
host (Fable 8). Even in the normal host aspergillus
infection may involve the central nervous system, the
cyes, the cardiovascular and respiratory system, the
bones, or structures in the thorax, or it may be dis-
seminated. Invasive aspergillosis may follow surgical
procedures or trauma (Table 9) (Bodey et al. 1989).

INCIDENCE

The incidence of invasive aspergillosis in heart and
lung transplantations may range from 19-26%, in
liver transplantation 1.5-10%, in heart and renal
transplantation 0.5-10%, scvere combined immuno-
deficiency 3.5% and burns 1-7% (Denning 1994;
Harousscau ct al. 2000; Menichetti et al. 1999,
Morgenstern et al. 1999). In a recent series of funge-
mia during neutropenia, 7.6% of all cpisodes were
due to Aspergillus (Duthie and Denning 1995). Liver
transplant patients are at risk to suffer from lethal
Aspergillus infection (Wajsczuk et al. 1985). A 14-
fold increase in invasive aspergillosis has been ob-
served during recent years (Groll et al. 1996) par-
alleled by an increase in the intensity of immunosup-
pressive and myelosuppressive anticancer treatment
(Bow 2001).

PATHOGENESIS

Most species of Aspergillus do not grow at 37°C,
which may distinguish pathogenic species from non-
pathogenic species (Pitt 1994). Growth rate is likely to
be a key determinant of the progression of the disease
and pathogenicity. The most rapidly growing species
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is A. fumigatus. Hydrocortisone has been shown to
enhance the growth rate of A. fumigatus and A. flavus
by 30-40% (Ng ct al. 1994). The small pore size of A.
fumigatus, which enables it to penctrate into the lung
tissue, and the protection of spores against extraordi-
nary atmospheric conditions, secems to support the
pathogenicity (Penalver et al. 1996). The ability to ad-
here to tissue by binding of laminin and fibrinogen
(Tronchin ct al. 1993; Bouchara 1993) and various
other factors, c.g., proteases, ribotoxin, phospholipas-
es, hemolysin, gliotoxin, aflatoxin, phthioic acid, and
other toxins, may enhance the virulence of this patho-
gen (Markaryan et al. 1994, Reichard et al. 1997;
Arruda et al. 1992; Latge et al. 1991; Smith et al. 1993;
Birch et al. 1996; Ebina et al. 1994; Mullbacher et al.
1985; Sutton et al. 1996; Waring 1990; Denning 1987:
Birch et al. 1997). Macrophages, monocytes, neu-
trophils ingest and kill Aspergillus or kill hyphae ex-
tracellularly (Schaffner et al. 1982; Diamond et al.
1978; Roilides et al. 1994; Kozel et al. 1989). The his-
tological reaction to the invasion of Aspergillus may
be granulomatous in case of a few organisms up to
cxtensive necrosis in case of extensive hyphae net-
works. (Denning 1998). The killing of Aspergillus is
impaired by corticosteroids (Roilides et al. 1993). In
the host defense against Aspergillus further factors
may be involved, e.g.,, GM-CSFE, TFN-gamma, T-cells,
1L-4, (Roilides et al. 1996; Rex et al. 1991) leading to a

Table 8. Classification of Aspergillus infection.

1. Disease in the normal host
a. Allergic
i.  Asthma
ii.  Saprophytic bronchopulmonary aspergillosis
iii. Extrinsic allergic alveolitis
iv.  Allergic bronchopulmonary aspergillosis
b. Superficial
v.  Cutancous
vi. Otomycosis
vii.  Sinusitis
viii. Trachcobronchitis
c. Invasive
ix. Single organ
x. Disseminated
2. Infection associated with tissue damage or foreign
body

d. Koeratitis and endophthalmitis
¢. Burn wound infection
f.  Osteomyelitis
g Prosthetic valve endocardits
h. Vascular graft infections
i. Aspergilloma
i Empyema and pleural aspergillosis
k. Peritonits
3. Infection in the immunocompromised host
. Primary cutancous aspetgillosis

8

. Sino-orbital infection

Pulmonary aspergillosis

xi. Invasive tracheobronchitis

xii. Chronic necrotizing pulmonary

aspergillosis

xili. Acutc invasive pulmonary aspergillosis
o. Central nervous system aspergillosis
p. Disseminated aspergillosis

-
=

(according to Bodey GP 1989)
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Table 9. Invasive aspergillosis following surgical proccdures or trauma,

Aspergillus infection Surgical procedure or trauma

Endocarditis Valvuloplastomy, prosthetic valve
Pseudo-aneurysm Aorttic bypass, coronary artery bypass
Infected prosthesis

Wound infection

Mammary implants
Abdominal surgery

Osteomyelitis Trauma, surgery

Lumbar disk infection Laminectomy
Chronic meningitis
Basilary artery ancurysm
Cerebral granuloma

Ytrium 90 pituitary implants
Trans-sphenoidal hypophysectomy
Trauma, craniotomy

Pneumonia Carotid endarterectomy

Empyema Thoractomy tube, pneumoncectomy
Keratitis, endophthalmius Trauma

Disseminated Prosthetic valve

{According 10 Bodey GP 1989)

pronounced TH 2 cell response (de Repentigny et al.
1993). Aspergillus has been found in pepper and spic-
es, and in showerheads and hot water faucets (Bever
ct al. 1994), or has been distributed during construc-
tion work in the hospital (Walsh and Dixon 1989,
Pittet et al. 1996).

PROPHYLAXIS

No study has yet demonstrated that prophylaxis is
completely successful (Denning  1998). Neither ad-
ministration of aerosolized amphotericin B, intrave-
nous amphotericin B, the use of itraconazole has
achieved full protection (Conneally et al. 1990,
Rousey et al. 1991). Humoral immunity is not a major
player in the defense against Aspergillus; therefore
vaccine may not be available soon (Denning 1998).

CLINICAL FEATURES

Port of entrance could be the respiratory tract, dam-
aged skin, operative wounds, the cornea, the ear, or
the gastrointestinal tract. In transplant patients inva-
sive aspergillosis may occur within 4 weeks of trans-
plantation with involvement of the lung, brain,
wound or hematogenously dissemination. As report-
ed for Candida, it is difficult to distinguish coloniza-
tion of the airways from true Aspergillus infection.
Invasive aspergillosis often occurs after treatment for
rejection after heart and kidney transplantation. Signs
of infection in the lung may appear rather late. In
burn patients invasive aspergillosis has been observed
within 2 months of severe burns, mostly as superficial
infection with a tendency to disseminated disease.
There is a progress over 5-10 days to death, which is
often unresponsive to medical treatment (Denning
1998; Mayer ct al. 1992).

LABORATORY DIAGNOSIS OF INVASIVE ASPERGILLOSIS
Invasive aspergillosis occurs in many different pa-

tients with unspecific and varying clinical symptoms.
Lack of experience to diagnose this infection and

missing specific and sensitive tests have been accused
for a delay in diagnosis (Denning  1998). Tt may be
helpful to combine microscopy and culture obtained
by bronchoalveolar lavage, bronchial lavage or endo-
tracheal aspiration to improve the diagnostic results
by 15% - 20% (Levy ct al. 1992; Fischler et al. 1997).
Cultivation of Aspergillus may be more successful in
bronchoalveolar lavage (BAL), the Aspergillus antigen
detection in bronchial lavage (Seyfarth et al. 2001). As
microscopy does not allow unequivocal diagnosis of
invasive aspergillus infection, immunochistochemistry
may be added. Diagnosis of invasive aspergillosis is
based on histological proof of hyphae and a positive
culture for Aspergillus. Culture of Aspergillus from an
infected sterile site is considered to be a definite
proof of discase (Jenssen et al. 1997). Serologic meth-
ods, e.g., ELISA, G-test, which detects 1,3-B-D-glu-
can, for detecting invasive aspergillosis have shown
promising results but are not yet specific and sensitive
enough. Testing for antibodies has been used in trans.
plant patients as an adjunct to identify patients at risk
(Obayashi ct al. 1995; Tomee et al. 1996). Several
studies showed promising results, but did not recom-
mend the molecular diagnostic approach as routine in
clinical search for aspergillosis (Einscle et al. 1997;
Tang et al. 1993; Bretagne et al. 1995). More recent
studics demonstrated a higher sensitivity and specific-
ity of up to 80-100% to detect Aspergillus by PCR
(Jones et al. 1998; Kawamura et al. 1999; Kami ct al.
2001; Raad et al. 2002). Several problems remain to be
solved. High levels of Aspergillus antigen were detect-
ed in a subphrenic abscess, but circulating antigen and
aspergillus DNA were undetectable in the serum
(Verweij et al. 2000). The PCR assay did
not differentiate between infection and coloniza-
tion (Hayette et al. 2001; Raad et al. 2002).
Recombinant mitogillin may be used to improve se-
rodiagnosis of invasive Aspergillus infection (Weig et
al. 2001).
ACUTE INVASIVE PULMONARY ASPERGILLOSIS

In 25-33% of patients there are no characteristic
symptoms. There may be cough, fever, chest pain,
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pleural rub, hemoptysis, and dyspnea. The prognosis
of focal disease is better than that of diffuse or bilat-
eral disease (Weiland et al. 1983; Denning 1998).
Vocal cord paralysis has been reported to be a pri-
mary manifestation of invasive pulmonary aspergillo-
sis in nonimmunocompromised patients (Nakahira ct
al. 1999). Laboratory parameters are rather unspecif-
ic. On plain chest radiographs cavitation, wedge-
shaped lesions, nodular shadows are typical presenta-
tions of invasive disease. Plain radiographs are often
falsc negative whereas CT scans can reveal the inva-
sive disease (halo and air crescent signs) (Singh N et
al. 1993; Cnd et al. 1995; Guillemain ct al. 1995;
Yelandi et al. 1995 Westney et al. 1996; Blum et al.
1994). The halo sign in computed tomography of the
lung is highly suggestive of carly angioinvasive pul-
monary aspergillosis (Collins 2001) and carly thoracic
computed scan allowing carlier diagnosis of invasive
pulmonary aspergillosis could improve the prognosis
dramatically when combined antifungal and surgical
treatment  are  available (Caillot et al.  1997).
Demonstration of Aspergillus from the respiratory
tract after lung transplantation does not necessarily
reflect invasive pulmonary aspergillosis (Diederich et
al. 1998). Focal invasive pulmonary aspergillosis, per-
sisting lung shadows before bone marrow transplan-
tation or before more aggressive chemotherapy, sig-
nificant hemoptysis, and lesions in the neighborhood
of great vessels or major airways may be an indication
for surgical treatment (McWhinney ¢t al. 1993; Caillot
et al. 1997; Denning and Stevens 1990; Hoover et al.
1997; Robinson et al. 1995). In focal disease the treat-
ment of choice may be resection; this option may not
be available in patients with bilateral or extensive dis-
case (Denning et al. 1998). Resection of focal lesions
has not been recommended in view of high mortality
reported from the surgery of aspergillomas in the
past. Surgery has been reserved for patients with in-
vasive pulmonary aspergillosis and hemoptiysis (Wong
ct al. 1992). Recent studies favor carly surgical inter-
vention for pulmonary aspergillosis. A clearance of
infection in up to 70% of cases has been reported
(Young et al. 1992; Wex et al. 1993; Moreau et al.
1993; Robinson ct al. 19953; Bernard et al. 1997;
Baron et al. 1998; Salerno ¢t al. 1998; Reichenberger
ct al. 1998; Pidhorecky ct al. 2000; Yeghen et al. 2000,
Caillot et al. 2001). For debilitated and immunocom-
promised patients with focal lesion thoracoscopic re-
section (wedge resection and lobectomy) has been
successfully applied (Gossot et al. 2002). In case the
native lung is affected by aspergillosis pneumonecto-
my may be an escape in lung transplant patients with
progressive refractory angioinvasive aspergillosis
(Sandur et al. 1999). In spite of antifungal treatment
with amphotericin B and mechanical ventilation in
the intensive care unit, all patients with chronic ob-
structive pulmonary discase complicated with inva-
sive. pulmonary disease died (Bulpa et al. 2001).
Invasive pulmonary aspergillosis may be further com-
plicated by pneumomediastinum and pneumopericar-
dium (Odev el a. 2002), mycotic pscudoancurysm of
the aortic arch (Koral and Hall 2000; Wells et al.
1994), and pericarditis with tamponade (Le Moing ct
al. 1998). Voriconazole has been successfully tested
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in several animal models of invasive aspergillosis
(George ct al. 1996; Chandrasekar et al. 2000). In
case of therapeutic failute of amphotericin B in surgi-
cal patients with invasive aspergillosis voriconazole
has been introduced (Kujath et al. 2000). A. terreus
has been considered to be refractory to amphotericin
B therapy but no resistance to voriconazole was ob-
served (Sutton ct al. 1999). Voriconazole retained
good activity against itraconazole- or amphotericin
B-resistant strains of A. fumigatus (Abraham et al.
1999). Good responses with voriconazole were ob-
served in 60% of invasive pulmonary or tracheobron-
chial aspergillus infections (Denning ct al. 2002).
Recently it has been suggested to rethink coatrol
measures and prevention against invasive aspergillo-
sis in high-risk patients (Hajjeh and Warnock 2001).

CHRONIC INVASIVE PULMONARY ASPERGILLOSIS

Chronic invasive pulmonary aspergillosis is less com-
mon than acute disease. AIDS, chronic granulomatous
discase, diabetes mellitus, alcoholism, and corticoster-
oid therapy may be the underlying disease. Often there
is no immunocompromising factor identified
(Denning and Stevens 1990; Palmer et al. 1991; Karam
and Griffin 1986; Karim ct al. 1997). Symptoms in rel-
atively immunocompetent patients are rather promi-
nent: cough, hemoptysis, fever, malaise and weigh loss.
There may be extension of the disease into the chest
wall, brachial plexus, or vertebral column. It may be
difficult to distinguish an aspergilloma from chronic
invasive pulmonary aspergillosis on a chest film.
Definitve diagnosis is cnsured by the isolaton of
Aspergillus hyphac in lung tissue and a culture-positive
respiratory specimen (Yousem ct al. 1997).

ASPERGILLUS TRACHEOBRONCHITIS

It occurs mostly in patients with AIDS and in lung
transplant paticnts. However, 25% of infected pa-
tients are not immunosuppressed. The infection may
range from mild trachcobronchitis until ulcerative
trachcobronchitis. In lung transplant padents it may
be difficult to distinguish colonization from true in-
fection (Kramer et al. 1991; Flume et al. 1994; Biggs
ct al. 1994). Although 80% of patients arc sympto-
matic, symptoms may be not characteristic: cough,
fever, dyspnea, chest pain, hemoptysis, wheeze, and
stridor (Tait et al. 1993). Chest radiograph may not be
helpful in diagnosis of the disease; in the CT scan
there may be peribronchial consolidation and centri-
lobular nodules (Logan ct al. 1994). Bronchoscopy
with bronchial biopsy, microscopy and culture is the
tool of choice to make the diagnosis. Therapy with an
azole may be superior to amphotericin B (Kramer et
al. 1991). In laryngeal infection, surgical debridement
or excision together with antifungal treatment may be
crucial for successful outcome. A mycelial mass in
the trachea may be best removed by bronchoscopic
procedure (Stevens et al. 2000).

INVASIVE ASPERGILLUS SINUSITIS

Invasive aspergillus sinusitis is uncommon in solid
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organ transplant patients. Chronic invasive aspergil-
lus sinusitis has been observed in healthy or only
mildly immunocompromised patients (Iwen et al
1997; Washburn et al. 1988). In acute invasive asper-
gillus rhinosinusitis early symptoms, c.g., fever,
cough, ecpistaxis, headache, nasal discharge, sinus
pain, sore throat, may be nonspecific. There may be
local extension to the palate, orbit or brain as well as
concurrent pulmonary aspergillosis. Plain films are
not sensitive enough; CT scans demonstrate fluid
opacification of the sinuses, bony destruction and
spread into adjacent tissues (Talbot et al. 1991
Zinrcich ct al. 1988). In case of typical clinical and ra-
diographic features together with positive culture or
the demonstration of characteristic hyphae in the tis-
sue confirms the diagnosis. Chronic invasive aspergil-
lus sinusitis may occur in patients suffering diabetes
mellitus, alcohol abuse, AIDS but many patients may
not have any sign of immunosuppression. Symptoms
are not characteristic for a long period of time. In
casc of progressive discase there may be visual symp-
toms, c.g.. diplopia, unilateral blindness, pain in the
eye, and proptosis. Surgical debridement and pro-
longed antifungal therapy is required; however, sur-
gery may not offer an advantage as severe complica-
tions may be involved (Denning and Stevens 1990;
Kennedy et al. 1997). Surgical debridement and
drainage may be achieved by endoscopic surgery
(Stammbetger 1985). Aspergillus sphenoid sinusitis
may be accompanied by major complications, e.g.,
major visual disturbance, brain abscess, stroke, inva-
sion of carotid artery (Lin and Hung 1993). Due to a
lack of response to oral itraconazole voriconazole has
been successfully used for treatment of skull base os-
teitis following aspergillus fumigatus sinusitis (Swift
and Denning 1998). Treatment should combine med-
ical with surgical approaches in sinonasal aspergillus
infections. Fungus ball or mycetoma is best treated by
surgery; the role of systemic antifungal therapy is un-
clear (Stevens et al. 2000).

DISSEMINATED ASPERGILLOSIS

Disscminated aspergillosis has been demonstrated at
autopsy in many patients who died of aspergillosis
with and without clinical diagnosis of disseminated
disease. Diagnosis is often delayed due to nonspecific
symptoms  (Bodey et al. 1992; Kusne ct al. 1988;
Gurwith et al. 1971). Early recognition of aspergillus
endophthalmitis with bedside fundoscopic examina-
tion in liver transplant recipients susceptible to
Aspergillus infection may help to identify disseminat-
ed Aspergillus infection (Hunt and Glasgow 1996).
Voriconazole demonstrated good efficacy in animal
models of disseminated aspergillosis (Kirkpatrick ct
al. 2000).

CUTANEOUS ASPERGILLOSIS

It may be a manifestation of disseminated aspergillo-
sis; howcever, mostly it occurs in ncutropenic patients
with intravenous catheters (Allo et al. 1987; Larkin et
al. 1996). The clinical appearance is similar to that of
proderma gangrenosum with raised erythema and ul-
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ceration. On histological examination there may be
invasion of blood vessels and infarction of the skin
(Denning ct al. 1998). Aspergillus may invade burn
wounds, surgical wound and other wounds (Carlson
et al. 1996; Levenson et al. 1991; Bruck et al. 1971;
Stone et al. 1979; Becker et al. 1991; Pla et al. 1992).
Surgical excision may be necessary when local infec-
tion cannot be controlled in neutropenic patients or
in burned patients (Bodey 1994; Pruitt et al. 1998).

CEREBRAL ASPERGILLOSIS

Cercbral aspergillosis accounts for 10-20% of all
cases of invasive aspergillosis. Depending on the
status of the immune system the clinical symptoms
may include alteration in mental status, seizures,
headache, fever, and rarely meningism. On CT scan
there are hypodensc, well-demarcated lesions that arc
usually decp seated and not easily available for sur-
gery. Surrounding edema and midline shift may be-
come visible with contrast enhancement (Shapiro
and Tabaddor 1975; Britt et al. 1981; Boon et al.
1990; Torre-Cisneros et al. 1993; Martinez and
Ahdab-Barmada 1993; Darras-Joly ct al. 1996; Selby
et al. 1997; Yuh et al. 1994). 1t may present as single
or multiple cerebral abscesses, meningitis, cpidural
abscess, or a subarachnoid hemorrhage (Walsh et al.
1985). In liver transplant patients Aspergillus ac-
counts for most infections of the brain, and often
the clinical situation does not allow biopsy or aspira-
tion of a cerebral lesion (Boon et al. 1990; Torre-
Cisncros ct al. 1993). Surgical removal of necrotic
tissue and stereotactic procedure for abscess drain-
age has been successfully applied (Henze et al. 1982;
Goodman and Coffey 1989; Casey et al. 1994).
Invasive CNS aspergillosis has been cured with am-
photericin B, itraconazole and radical surgery
(Coleman et al. 1995). A decline of the galactoman-
nan antigen titer in the cerebrospinal fluid during
treatment with intravenous and intraventricular am-
photericin B and voriconazole corresponded with
the clinical response to the treatment (Verweij et al.
1999; Machetti et al. 2000). In epidural abscess surgi-
cal drainage along with systemic antifungal therapy is
indicated (Stevens ct al. 2000).

UNUSUAL FORMS OF INVASIVE ASPERGILLOSIS

The surgeon may see in patients who are not immu-
nosuppressed unusual forms of invasive aspergillosis.
Sites of infection may include bronchial stump, endo-
carditis, vascular graft, pericardium, gastrointestinal
tract, peritoneumn, liver, thyroid, kidney and bones
(Denning et al. 1990; Bodey et al. 1989). Aspergillus
bone infections may be caused by direct extension,
traumatic or surgical inoculation or hematological
spread. Surgical debridement should be combined
with antifungal treatment, which may include ampho-
tericin B plus itraconazole (Barnwell et al. 1985;
Holmes et al, 1988; Stevens and Lee 1997). Prosthetic
valve endocarditis may be best treated by carly valve
replacement together with perioperative amphoteri-
cin (Carrizosa et al. 1974; Demaria ct al. 2000).
Pericarditis is a rare complication of disseminated
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disease with a poor prognosis. Pericardiectomy, peri-
cardial drainage and systemic antifungal treatment are
recommended (Denning and Stevens 1990; Sergi et
al. 1996; Carrel et al. 1991). Hepatosplenic aspergillo-
sis may have a poor outcome despite treatment with
amphotericin B. Itraconazole, lipid amphotericin or
voriconazole which may actain higher concentrations
in the liver may be used instead of amphotericin B
(Stevens et al. 2000). Aspergillus peritonitis may be a
complication of chronic ambulatory peritoneal dialy-
sis and removal of the catheter is the cornerstone for
eradication of the infection (Tanis et al. 1995).
Involvement of the ¢sophagus, colon and small bowel
is mostly observed in disseminated aspergillosis.
Perforation of the gut is likely and associated with a
high mortality despite systemic antifungal treatment
(Denning and Stevens 1990; Cohen and Heffner
1992).

MEDICAL TREATMENT

In case of untreated invasive aspergillosis the mortal-
ity reaches nearly 100%. In liver transplant patients
there may be only 10-14 days from the onset of clini-
cal symptoms and radiographic appearances to death.
(Denning 1996) Amphotericin B and itraconazole
were until recently the only two antifungal agents
available for treating invasive aspergillosis. ‘The over-
all success rate for amphotericin B was rather low -
34%. Similar results have been published for itracon-
azole and the lipid-associated forms of amphotericin
B (Denning 1998; Denning et al. 1994; Sanchez et al.
1995; Meunier et al. 1991; Mills et al. 1994) (Table
10). In vitro and in vivo resistance of A. fumigatus to
itraconazole has been demonstrated; the clinical as-
pect has yet to be determined (Denning ct al. 1997).
In a recent study amphotericin B was superior to itra-
conazole in the treatment of invasive pulmonary as-
pergillosis in heart transplant recipients (Nanas et al.
1998), but the inhalation of acrosolized amphotericin
B may be poorly tolerated and does not prevent inva-
sive pulmonary aspergillosis in ncutropenic patients
(Erjavez et al. 1997). Despite the evidence that ster-
oid therapy is considered a risk factor for the devel-
opment of invasive aspergillosis (Palmer et al. 1991;
Concsa ct al. 1995) steroid pulse therapy has been
successfully used for a life-threatening pulmonary in-
sufficicncy in a patient following invasive aspergillo-
sis (Okano et al. 1999). Successful treatment of cere-
bral aspergillosis with voriconazole has been reported
(Schwartz et al. 1997; Verweij et al. 1999: Machetti et
al. 2000). Voriconazole had fungicidal activity against
most Aspergillus spp. and may play an important role
in the treatment of fungal infections, for which the
mortality rate is high despite treatment with ampho-
tericin B (Espinel-Ingroff et al. 2001).

CRYPTOCOCCAL DISEASE

Before 1950, cryptococcal infection has been rarely
diagnoses and paticnts with disseminated cryptococ-
cal disease usually died. The introduction of ampho-
tericin B reduced the mortality rate to approximately
40%. The addition of flucytosine to amphotericin B
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reduced the duration of treatment from 10 weeks to
4-6 weeks (Bennett et al. 1979). Recently, the inci-
dence of cryptococcal infection increased mainly due
to the occurrence of AIDS and the increasing num-
ber of solid organ transplant patients with immuno-
suppressive therapy (Dromer ct al. 1996).

PULMONARY AND NON-CNS CRYPTOCOCCAL
INFECTION

Pulmonary cryptococcosis may present with asymp-
tomatic nodules in the Jung to acute respiratory dis-
tress syndrome (ARDS). There may be cough, fever,
sputum production or pleural symptoms. The lung is
usually the entrance for the pathogen. A positive
serum cryptococcal antigen titer is associated with
deep tissue invasive and disseminated discase. There
is a predilection for the CNS, but the pathogen may
be detected in every part of the body (Kerkering ct al.
1981). All patients with pulmonary or extrapulmo-
nary cryptococcal disease should therefore have a
lumbar puncture to rule out CNS infection (Saag et
al. 2000). Prompt surgical intervention and systemic
antifungal therapy, e.g., amphotericin B, is considered
to be the treatment of choice in necrotizing fasciitis
caused by Cryptococcus neoformans (Marcus et al.
1998). Patients with chronic rejection are more likely
to have late infection (>6 months), which may be due
to Aspergillus or Cryptococcus (Patterson 1999) and
Cryptococcus may cause a lethal pulmonary infection
in renal transplant patients (Russo and Marks 1976).
Prophylaxis is not available against Cryptococcus in-
fection (Paya et al. 2001). Asymptomatic immuno-
compctent patients having a positive lung culture for
C. neoformans may be observed or treated with flu-
conazole (200-400 mg/d) for 3-6 months.
Immunocompetent patients with mild to moderate
symptoms  should reccive  fluconazole  (200-400
mg/d) for 6-12 months. The use of flucytosine is lim-
ited duc to the development of resistance (Dismukes
et al. 1987; Dromer et al. 1996; Yamaguchi et al,
1996; Saag ct al. 2000). Itraconazole (200-400 mg/d)
for 6-12 months may be an alternative therapy. In
case fluconazole is not an option, amphotericin B
(0.4-0.7 mg/kg/d) for a total dose of 1000 — 2000 mg
may be given in severe discasc (Saag et al. 2000).
Voriconazole was the most active compound against
Cryptococcus neoformans isolates from bloodstream
infections when compared to fluconazole, itracona-
zole, ketoconazole, amphotericin B and flucvtosine

(Hoban et al. 1999).
CNS CRYPTOCOCCAL INFECTION

Meningitis or rarely single or multiple focal mass le-
sions (cryptococcomas) may be found in CNS disease
with or without concomitant pneumonia or dissemi-
nated disease. Combination therapy of amphotericin
B and flucytosine will cradicate the pathogen from
the CSF within 2 weeks of treatment in 60-90% of
paticnts. Most immunocompetent paticnts will be
treated successfully within 6 weeks (Dismukes et al.
1987, Bennett et al. 1979). For induction or consoli-
dation therapy amphotericin B (0.7-1.0 mg/kg/d)
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Table 10. Therapy with antifungal agents for invasive aspergillosis,

Agent Initial dose

Comments

Amhotericin B deoxycholate

Itraconazole

Amphotericin B colloidal dispersion 4-6 mg/kg/d, iv
1-5 mg/kg/d, iv

5 mg/kg/d, iv

Liposomal amphotericin B
Amphotericin B lipid complex

0.8-1.25 mg/kg/d, iv

200 mg t.i.d. for 4d then
200 mg b.id, p.o.

First-linc, high failure rate >30%,
nephrotoxic, cyclosporine interaction

Patient must eat; intestinal absorption;
level measurement, cyclosporine
interaction

Less nephrotoxic

Less nephrotoxic

Less nephrotoxic

maintenance dose 3mg/kg every 12 hours (iv)

Voriconazole Loading dose  40Umg maintcnance dose 200 mg (oral)
Loading dose 2 x 6mg/kg 12 hours apart
Caspofungin Loading dose  70mg/d

maintenance dose 50mg/d (iv)

(Modificd according to Denning DW CID 1998)

plus flucytosine (100 mg/kg/d) for 2 weeks, and then
fluconazole (400 mg/d) for a minimum of 10 weceks
is recommended. Amphotericin B (0.7-1 mg/kg/d)
plus flucytosine (100 mg/kg/d) may be used for 6-10
weeks. Lipid formulation of amphotericin B (3-6
mg/kg/d) for 6-10 wecks may be an alternative treat-
ment (Dismukes et al. 1987: Bennett et al. 1979; Saag
ct al. 2000). The potential role of voriconazole for
the treatment of cryptococcal meningitis in non-HIV-
infected patients is undetermined (Pappas 2001).

REFERENCES

Abi-Said D Anaissie E, Uzun O et al. The epidemiology of hema-
togenous candidiasis caused by different candida species. Clin
Infect Dis 1997; 24: 1222-8

Abraham OC, Manavathu EK, Cutright JI. ct al. In vitro suscept-
ibilites of Aspergillus species to voriconazole, itraconazole,
and amphotericin B. Diagn Microbiol Infect Dis 1999;33:7-11

Ackerman NB, Kronmueller ). The importance of candida as an in-
fectious agent. Surg Gynecol Obstet 1975;140:65-8

Adamson PC, Rinaldi MG, Pizzo PA, ct al. Amphotericin B in
treatment of Candida cholecystitis. Pediatr Infect Dis | 1989,
8: 408-11

Akier ME, Vellend H, McNeely DM, et al. Use of fluconazole in
the treamtent of candidal endophthalmitis. Clin Infect Dis
1995; 20: 657-64

Alden SM, Frank E, Flancbaum 1. Abdominal candidiasis in surgi-
cal patients. Am Surg 1989;55:45-49

Alexander BD, Perfeet JR. Antifungal resistance trends towards
the year 2000. Implications for therapy and new approaches.
Drugs. 1997: 54: 657-78

Alexander JW, Ogle CK, Stinnctt JD ct al. A scquential, prospec-
tive analysis of immunologic abnormalities and infection fol-
lowing severe thermal injury. Ann Surg 1978; 188: 809-16

Allo M, Miller }, Townsend T, Tan C. Primary cutancous aspergil-
losts associated with Hickman intravenous catheters, N Engl )
Mcd 1987; 317: 1105-8;

Ally R, Schurmann D, Kreisel W et al. A randomized, double-
blind, double-dummy, multicenter trial of voticonazole and
fluconazole in the treatment of esophageal candidiasis in im-
munocompromised patients. Clin Infect Dis 2001;33:1447-54

Almekinders 1.C, Greene WB. Vertebral Candida infections: a case
report and review of the literature. Clin Orthop 19915 267:
174-8

Alon T, Sulomkin ], Fink A. ¢t al. Candida in Pancreauc Infection:
A Clinical Experience. Am Surg 1994; 60: 793.796

Anaissic E], Bodey GP, Kantarjian FH ct al. New spectrum of fun-
gal infections in patients with cancer. Rev Infect s 1989 11:
369-78

Anaissic E), Bodey GP, Rinaldi MG. Emerging fungal pathogens.
Tur | Clin Microbiol Infect Dis 1989, 8 : 323-30

Anassie EJ, Bodey GP. Nosocomial infections. Old problems and

new challengees. Infect Dis Clin North Am 198%; 3: 867-82

Anaissic 13, White M, Uzun O, et al. Amphotericin B lipid com-
plex (ABLC) versus amphotericin B (AMB) for treatement of
hematogenous and invasive candidiasis: a prospective, ran-
domized, multicenter trial. In: Program and abstracts of the
35th Interscience Conference on Antimictobial Agents and
Chemotherapy. San Francisco Washington DC: American
Society for Microbiology 1995

Anaissic EJ, Rex JH, Uzun O ct al. Predictors of adverse outcome
in cancer patients with candidemia. Am J Med 1998; 104: 238-
45

Anaissic F, Bodey GP, Kantarjian H, ct al. Fluconazole therapy for
chronic disseminated candidiasis in patients with leukemia and
ptior amphotericin B therapy. Am | Med 1991; 91: 142-50

Ang BSP, Telenti A, King B et al.. Candidemia from a urinary tract
source: microbiological aspects and clinical significance. Chin
Infect Dis 1993; 17: 662-6 ;

Anutila V), Farkkila M, Jansson SE et al. Diagnostic laparoscopy 1n
patients with acute Jeukemia and suspected hepatic candidiasis.
Eur } Clin Microbiol Infect Dis 1997.16: 637-43

Amow PM, Carandang GC, Zabner R et al. Randomized con-
trolled trial of selective bowel decontamination for prevention
of infections following liver transplantation. Clin Infect Dis
1996; 22: 997-1003

Arruda LK, Mann BJ, Chapman MD. Sclective expression of a
major allcrgen and cytotoxin, Asp { 1, in Aspergillus fumigatus.
Implications for the immunopathogenesis of Aspergillus-relat-
cd discases. J Immunol. 1992; 149: 3354-9

Ascher NL, Stock PG, Bumgardner GL, et al.. Infection and rejec-
tion of primary hepatic transplant in 93 consceutive patients
treated with triple immunosuppressive therapy. Surg Gynecol
Obstet 1988, 167: 474-84

Ascioglu $, Rex JH, de Pauw B ¢t al. Defining opportunistic inva-
sive fungal infections in immunocompromised patients with
cancer and hematopoctic stem cell transplants: an international
consensus. Clin Infect Dis 2002 ;34 :7-14

Baddour LM. Long-term suppsessive therapy for Candida parapsil-
osis induced prosthetic valve endocarditis. Mayo Clin Proc
1995; 70: 773-5

Bailey JW, Sasa &, Brass C ct al. Diagnosis of systemic candidiasis
by latex agglutination for serum antigen. J Clin Microbiol
1985; 21: 749-52

Banerjee SN, Emori TG, Culver DH et al. Secular trends in noso-
comial primary bloodstream infections in the United States,
1980-1989. Natonal Nosocomial Infections Surveillance
System. Am J Med. 1991; 91: B6S-89S

Baran |, Klauber E, Barczak ) ct al. Trends in antifungal suscepu-
bility among Candida sp. utinary isolates from 1994 and 1998.
J Clin Microbiol 2000,38:870-1

Barnwell PA, Jelsma LF, Raff MJ. Aspergillus osteomyelitis: report
of a case and review of the literature. Diagn Microbiol Infect
Dis 1985:3:319-9

Baron O, Guillaume B, Morcau P et al. Aggressive surgical man-
agement in localized pulmonary mycotic and nonmyeotic in-
fections for neutropenic patents with acute leukemia: report



May 31, 2002

of cighteen cases. ) Thorac Cardiovase Surg 1998:115:63-8

Barret JP, Jeschke MG, Herndon DN, Sclective decontamination
of the digestive tract in severely burned pediattic patients.
Burns 2001; 27: 439-45

Hayer AS, Blumenkmantz M), Montgomeric JZ et al.. Candida peri-
tonitis. Report of 22 cases and review of the english literatuee,
Am ) Med 1976; 61: 832-40

Becker WK, Cioffi WG, McManus AT ¢t al.. Fungal burn wound
infection. A 10-year expericnce. Arch Surg 1991; 126: 44-8

Beck-Sague C, Jarvis WR. Sccular trends in the epidemiology of
nosocomial fungal infeetions in the United States; 1980-1990,
National Nosocomial Infection Sueveillance System. ] Infect
DDis 1993 ; 167 : 1247-51

Benedeni 13, Gruessner AC, Troppmana €, et al. Intra-abdominal
fungal infections after pancreatic transplancation: incidence,
treatment, and outcome. | Am Coll Surg 1996; 183: 307-16

Benedict LM, Kusne 8, Torre-Cisneros J et al.. Primary cutancous
fungal infection after solid-organ transplantation: report of
five cases and review. Clin Infect Dis 1992 ; 15: 17-21

Benneu JE, Dismukes W, Duma R}, et al. A comparison of am-
photericin B alonc and combined with flucytosine in the treat-
ment of cryptococcal meningitis. N Engl J Med 1979: 301:
126-31

Betbari EF, Cockerill FR 3rd, Steckelberg JM. Infective endocar-
ditis due to unusual or fastidious inicroorganisms. Mayo Clin
Proc. 1997; 72: 532-42

Berenguer ), Buck M, Witebsky F. Lysis-centrifugation blood cul-
tures in the detection of tissuc-proven invasive candidiasis.
Disseminated versus single-organ infection. Diagn Microbiol
Infect Dis 1993; 17: 103-9

Betger M, Smith E, Holm HH et al. Utility of ultrasound in the dif-
ferential diagnosis of acute cholecystitis. Arch Surg 1977; 112:
2735

Bernard A, Caillot D, Couaillier JFF e al. Surgical management of
invasive pulmenary aspergillosis in neutropenic patients. Ann
‘Thorac Surg 1997:64:1441.7

Bernhardt HE, Orlande JC, Benficld JR et al. Disseminated candi-
dinsis in surgical patients. Surg Gynecol Obstet 1972:134:819-
25

Beyer |, Schwartz S, Heinemana V et al. Stratcgics in prevention of
invasive pulmonaty aspergillosis in immunosuppzessed or neu-
tropenic patients. Antimiczob Agents Chemother, 1994; 38:
7117

Bhatia V, Kochhar R, Talwar P ct al. Association of Candida with
carcinoma of esophagus. Indian } Gastroenterol 1989; 8: 171.2

Biancofiore G, Baldassarri R, Bindi ML ¢t al. Prevention of mycot-
ic infections in liver transplant recipients: an analysis of two
chemoprophylactic regimens. Minerva Anestesiol 20013 67:
475-82

Biggs V), Dummer S, Holsinger FC et al. Successful treatment of
invasive bronchial aspergillosis after single-lung transplanta-
tion. Clin Infect Dis 1994;18 :123.4

Birch M, Robson G, Law I et al. Evidence of multiple extracellu-
lar phospholipase activities of Aspesgillus fumigatus. Infect
Immun. 1996: 64: 751-5

Birch M, Drucker DB, Boote V ct al. Prevalence of phthioic acid in
Aspergillus species. ] Med Vet Mycol, 1997; 35: 143-5

Bishara §, Gartman-Isracl D, Weinberger M et al. Osteomyelitis of
the ribs in the antibiotic era, Scand ] Infect Dis 2000; 32: 223-7

Bjctkoes R, Vindenes [, Pitkanen ] et al. Altered polymorphonu-
clear neutrophilic granulocyte functions i paticnts with large
buens. J Trauma 1989 ;29 : 847-55

Bjcrkaes R, Vindenes H. Neutrophilic dysfunction afies thermal
injury: alteration of phagolysosomal acidification in patients
with large burns. Burns 198Y; 15: 77-81

Blinkhorn R), Adclstein D, Spagnuolo PPJ. Emergence of a new op-
portunistic pathogen, Candida Jusitaniae. | Clin Microbiol.
1989; 27: 2306-40

Bluin U, Windfuhr M, Buiteago-Tellez C et al. Invasive pulimonary
aspergillosis. MRI, CT', and plain radiographic findings and
their contribution for eatly diagnosis. Chest 1994; 106: 1156-
67

Blumberg HM, Jarvis WR, Soucie JM. Risk factors for candidal
bloodsseam infections in surgical intensive care unit patients:
the NEMIS prospective multicenter  study. The national
Epidemiology of Mycosis survey. Clin Infect Dis 2001; 33:
177-86

Bodey GI, Luna M. Skin lesions associated with disseminated can-
didiasis. JAMA 1974; 229: 1466-8

EUROPEAN JOURNAL OF MEDICAL RESEARCH 217

Bodey GP, Vartivarian S. Aspergillosis. Eur ) Clin Microbiol 1nfect
Dis 1989; 8: 113-37

Bodey G, Bueltmann B, Duguid W, et al. Fungal infections in can-
cer patients: an international autopsy survey. Hur | Clin
Micobiol Infect Jis 1992; 11: 99-109

Bodey GP. Dermatologic manifestations of infections in neutro-
penic patients. Infect Dis Clin North Am 1994:8:655-75

Bonatti H, Steurer W, Konigsrainer A et al.. Infection of the pan-
creatic duct following pancreas transplantation with bladder
drainape. ] Chemother 1995; 7: 442.5

Boon AP, Adams DFH, Buckels | ct al. Cerebral aspergillosis in
liver transplantation. ] Clin Pathol 1990; 43:114-8

Borzotta AP, Beardsley K. Candida infections in eritically ill wrau-
ma patients: a retrospective case-control study. Arch Suzg
1999; 134: 657-64

Bouchara JP, Larcher G, Joubaud I ct al. Lxtracellular fibrinogen-
clytic enzyme of Aspergillus fumigatus: substrate-dependent
vatiations in the proteinase synthesis and charactetization of
the enzyme. FEMS Immunol Med Microbiol. 1993; 7: 81-11

Bougnoux ME, Hill C, Moissenet D et al. Comparison of antibody,
antigen, and metabolite assays for hospitalized patients with
disseminated or peripheral candidiasis. | Clin Microbiol 1990:
28: 905-9

Bow E). Invasive aspergillosis in cancer patients. Oncology 2001
15: 1035-9

Bradiey JA, Hamilion DN, Brown MW et al. Cellular defense in
eritically ill susgical patients. Crit Care Med 1984; 12: 565-70

Bretagne S, Costa )M, Marmorat-Kheong A, e al. Detection of
Aspergillus species DNA in bronchoalveolar lavage samples by
competitive PCR. J Clin Micrabiol 1993; 33: 1164-8

Britt RH, Enzmann DR, Remington )S. Intractanial infection in
cardiac transplant recipients. Ann Neurol 19815 9: 10719

Bross J, Talbot GH, Maislin G et al. Risk factors for nosocomial
candidemia: a case-control study in adults without leukemia.
Am ) Med 1989; 87: 614-20

Bruck MM, Nash G, Foley FD et al. Opportunistic fungal infec.
tions of the burn wound with phycomycetes and Aspergillus.
Arch Surg 1971 102: 476-82;

Buchler MW, Gloor B, Muller CA et al. Acute nectrotizing pan-
creatitis: treatment steategy according to the status of infec-
tion. Ana Surg 2000; 232: 619-26

Bulpa PA, Dive AM, Garrino MG, ct al. Chronic obstructive pul-
monaty discase patients with invasive pulmonary aspergillosis:
benefits of intensive care ? Intensive Care Med 2001;27:59-67

Burchard KW, Minor LB, Slotman GJ et al. Arch Surg 1983; 118:
217-21

Burchard KW. Fungal sepsis. Infect Dis Clin North Am 1992: 6:
677-92

Cabezudo 1, Phallee M, Gerarden T et al. Value of the Cand-Tec
antigen assay in the diagnosis and therapy of systemic candidi-
asis in high-risk paticats. Eur | Clin Microbiol Infect Dis
1989;8:770-7

Caillot D, Casasnovas O, Bernard A et al. [mproved management
of invasive pulmonary aspergillosis in ncutropenic paticnts
using catly thoracic computed tomographic scan and surgery. |
Clin Oncol. 1997; 15: 139-47

Caillot D, Casasnovas O, Bernard A et al. Improved management
of invasive pulmonary aspergillosis in ncutropenic patients
using early thoracic computed tomogeaphic scan and surgery. )
Clin Oncol 1997;15:139-47

Caillot D, Mannone L., Cuisenier B et al. Role of carly diagnosis
and aggressive susgery in the management of invasive pulmo-
nagy aspergillosis in ncutropenic patients. Clin  Microbiol
Infect 2001:7 Suppl 2:54-61

Calandra T, Bille ), Schneider R ct al. Clinical significance of
Candida isolated from peritoncum in surgical patients. Lancet
1989; 2: 1437-40

Calderone RA. Host parasite relationships in candidiasis. Mycoscs
1989; 32 (suppl 2): 12-17

Calderone RA, Fouzi WA, Virulence factors of Candida albicans.
Trends in Microbiology 2001:9:327-335

Calvano SE, Greenlee PG, Reid AM et al. Granuloeyte contamina-
tion of Ficoll-Hypaque preparations of mononuclear cells fol-
lowing thermal injury may lead to substantial overestimation
of lymphocyte recovery. ] Trauma, 1988; 28: 353-61

Canver CC, Patel AK, Kosolcharaen P et al. Fungal purulent con-
strictive pericarditis in a heart transplant patient. Ann Thotac
Surg 1998; 65: 1792-4

Catlson GL, Birch M, Mughal MM et al. Aspergillus wound infee-



218 EUROPEAN JOURNAL OF MEDICAL RESEARCH

tion following laparostomy. | Infect 1996; 33: 119-22

Carrel TP, Schaffoer A, Schmid 1ZR et al. Fatal fungal pericagditis
after cardiac surgery and immunsuppression. ] Thore Surg
1991;101:161-4

Carrizosa ), Levingon ME, Lawrence I’ et al. Cure of Aspergillus
ustus endocarditis on a prosthetic valve. Arch Intern Med
1974;,133(3):486-90

Casey T, Wilkins P, Utdey D. Aspergillosis infection in neurosurgi-
<al practice. Br ] Neurosurg 1994;8:31.9

Castaldo P, Steatta RJ, Wood R? et al. Clinical spectrum of fungal
infections after orthotopic liver transplantation. Arch Surg
1991; 126: 149.56

Chandrasckar PIL, Cutright J, Manavathu E. Efficacy of vericona.
zole against invasive pulmonary aspergillosis in a guinca-pig
model. | Antimicrob Chemother 2000:45:673-6

Chatterjee SN, Goutdicb L, Berne TV, Fulminant pulmonasy infee-
tions in renal transplant recipients. Surg Gynecol Obstet 1978;
147: 583-7

Chun CH, Raff MJ, Contreras L. et al. Splenic abeess. Medicine
(Baltimore) 1980; 59: 50-65

Circiumaru B, Baldock G, Cohen J. A prospective study of fever in
the intensive care unit. Intensive Care Med 1999; 25: 668-73

Clancy CJ, Nguyen MH, Morris A). Candidal mediastinitis: an
emerging clinical entity. Clin Infect Dis 1997; 25: 608-13

Cadish 5D, Sheridan 11, Monaco AP. Mycotic wound infection. A
new challenge of the sutgeon. Arch Surg 1979; 114: 831-5

Cohen R, Heffner JE. Bowel infarction as the initial manifestation
of disseminated aspergillosis. Chest 1992;101:877-9

Cole GT, Halawa AA, Anaissie EJ. The role of the gastrointestinal
tract in hematogencous candidiasis: from the laboratory to the
bedside. Clin Infeet Dis 1996; 22 (Suppl 2): $73-88

Coleman JM, Hogg GG, Rosenfeld JV et al. Invasive central ner-
vous system aspergillosis : cure with amphotericin B, itracona-
zole, and radical suegeey @ case report and teview of the litera-
ture. Neurosurgery 1995;36:858-63

Collins ). CT signs and patterns of lung disease. Radiol Clin North
Am 2001;39:1115-35

Collins LA, Samore MH, Roberts MS, ct al. Risk factors for inva.
sive fungal infections complicating arthotopic liver transplan-
tation. j Infect Dis 1994; 170: 644-52

Colonna JO, Winston D], Brilt JE et al. Infectious complications in
liver transplantation. Arch Surg 1988; 123: 360-4

Cone )B, Bradsher R, Golladay S. Atypical surgical infections. Am
J Surg 1988; 156: 522-3

Conesa D, Rello J, Valles | et al. Invasive aspergillosis: a life-
threatening complication of short-terin steroid treatment. Ann
Pharmacother 1995;29:1235.7

Conneally E, Cafferkey M'T, Daly PA et al. Nebulized amphoteri-
cin B as prophylaxis against invasive aspergillosis in granulocy-
topenic patients. Bone Marrow Transplant. 1990; 5: 403-6

Constantian MB. Association of sepsis with an immunosuppressive
polypeptide in the scrum of burn patients. Ann Surg 1978;
188: 209-15

Cooley DA, Buenett CM. Fungal infection in a2 dissecting ancueys-
ma of the thoracic aoria. Tex Heart Inst ) 1993; 20: 51-4

Cornwell EE, Belzberg H, Berne TV et al. The pattern of fungal
infections in critically ill surgical patients. Am Surg 1995: 61:
847.50

Craven DE, Kunches LM, Lichtenberg DA et al. Nosocomial in-
fection and fatality in medical and surgical intensive care unit
paticnts. Arch Intern Med 1988; 148: 1161-8

Crawford SW. Respiratory infections following organ ttansplanta-
tion. Curr Opin Pulm Med 1995; 1: 209-15

D’Amelio LF, Wagner B, Azimuddin § et al. Antibiotic patiesns as-
sociated with fungal colonization in critically ill surgical pa-
tients. Am Surg 1993: 61: 10:49-53

Darras-Joly C, Vever B, Bedos JP et al. Nosocomial cerebral asper-
gillosis: a report of 3 cascs. Scand | Infect Dis 1996: 28: 317.9

de Repentigny L, Petithois S, Boushira ¢t al. Acquired immunity in
experimental murine aspergillosis is mediated by macrophages.
Infect Immun. 1993: 61: 3791-802

Dean DA, Burchard KW, Fungal infection in surgical paticats.
Am } Surg 1996; 171: 374-82

Dean DA, Burchard KW, Surgical perspective on invasive Candida
infections. World J Surg 1998; 22: 127-34

Deitch EA. The role of intestinal barriee filure and bacrerial trans-
location in the development of systemic infection and multiple
organ failure. Arch Surg 1990; 125: 403-4

Delozier B, Stratton CW, Potts JR. Rapid diagnosis of Candida

May 31, 2002

sepsis in surgical patients. Am Sucg 1987; 53: 600-2

Demaria RG, Durrleman N, Rispail Pet al. Aspergillus flavus mitral
valve endocarditis after lung abscess. ] Heart Valve Dis 2000
19:786-90

Denning DW Adverse Drug Reactions and Acute Poisoning
Reviews 1987; 4: 175-209

Denning DW, Stevens DA. Antifungal and surgical treatment of
invasive aspergillosis: review of 2,121 published cases. Rev
Infect Dis 1990; 12: 1147-201

Denning DW, Lee )Y, Hosteder 5, et al. NIAID mycoses study
group multicenter trial of oral ittaconazole therapy of invasive
aspergillosis. Am ) Med 1994; 97: 135-44

Denning DW. Invasive aspergillosis in immuncompromised pa-
tients. Curr Opin Infect Dis 1994; 7: 456-62

Denning DWW, Treatment of invasive aspesgillosis. ) Infect 1994
28: 25-33

Denning DW. Therapeutic outcome in invasive aspergillosis. Clin
Infect Dis 1996; 23 : 6U8-15

Denning DW, Radford SA, Oakley KI. ¢t al. Correlation between
in-vitro susceptibility testing to itraconazole and in-vivo out-
come of Asperpillus fumigaus infection. J  Antimicrob
Chemother 1997; 40: 401-14

Denning DW, Venkateswarlu K, Qzkley KU, et al. Itraconazole rc-
sistance  in  Aspergillus  fumigatus.  Antimicrob  Agents
Chemother 1997; 41: 1364-8

Denning DW, Marinus A, Colien ] et al. An EORTC multicenter
prospective survey of invasive aspergillosis in hematological
pattients:  diagnosis  and  therapeutic  ouicome.  FORTC
Invasive fungal infections cooperative group. ] Infect 1998; 37:
173-80

Denning DW. lovasive aspergillosis, Clin Infect Dis 1998; 26: 781-
803

Denning DW, Ribaud P, Milpicd N et al. Efficacy and safety of
voriconazole in the treatment of acute invasive aspesgillosis.
Clin Infect Dis 2002;3.1:563-71

Dennis DL, Peterson CG, Flewcher WS, Candida septicemia in the
severely traumatized patient. J Trauma 1968;8:177-85

Desai MH, Herndon DN, Abston S. Candida infection in massive-
ly burned patients. J Trauma 1Y87; 27: 1186-8

Desai MH, Herndon DN. Eradication of Candida burn wound
septicemia in massively burned patients. ) Trauma 1988; 28:
140-5

Desai MH, Rutan RL, Heggers JI et al. Candida infection with and
without nystatin prophylaxis. An 1-year expericnce with pa-
tients with burn injury. Arch Surg 1992; 127: 159-62

Diamond RD, Krzesicki R, lipstein B et al. Damage o hyphal
forms of fungi by human leukocytes in vitro. A possible host
defense mechanism in aspergillosis and mucormycosis. Am |
Pathol. 1978; 91: 313-28

Dictar MO, Maiolo E, Alexander B et al. Mycoses in the trans.
planted patient. Med Mycol 2000;38 Suppl 1:251-8

Diederich §, Scadeng M, Dennis C et al. Aspergillus infection of
the respiratory tract after lung transplantation: chest radio-
graphic and CT findings. Eur Radiol 1998;8:306-12

Dickema D), Messer SA, Brueggemann AB et al. Epidemiology of
candidemia: 3-year results from the emerging infections and
the epidemiology of lowa organisms study. ] Clin Microbiol
2002;40(4):1298-302

Dismukes WE, Cloud G, Gallis HA, et al. Treatment of cryptococ-
cul meningitis with combination amphotericin B and fucyto-
sine for four as compared with six weeks. N Engl ] Med 1987;
317: 334.41

Donahue SP, Greven CM, Zuravle{f )] ct al. Intraocular candidia.
sis in patrients with candidemia. Clinical implications derived
from a prospective multicenter study. Ophthalmo- logy 1994;
101:1302.9

Doscher W, Krishnasastry KV, Deckoff SI.. Fungal graft infee.
tions: case report and ceview of the litecature. J Vase Surg
1987; 6: 5398-402

Dowling RD, Baladi N, Zenaii M et al. Distuption of the aortic
anastomosis after heart-lung transplantation. Ann Thorac Surg
1990; 49: 118-22

Dromer F, Matheulin S, Dupont B, et a. Comparison of the effica-
¢y of amphotericin B and fluconazole in the treatment of cryp-
tococcosis in human immunodeficiency virus-negative pa-
tients: retrospective analysis of 83 cases. Clin Infect Dis 1996,
22 : 8154-60

Dunn DL. Diagnosis and treatment of opportunistic infections in
immunccompromised surgical patients. Am Surg 2000; 66:



May 31, 2002

117-25

Duthie R, Denning DY, Aspergillus fungemia: report of two cases
and review. Clin Infect Dis 1995 5 20 : 598-605

Dyess DL, Gagrison RN, Fry DE. Candida scepsis. Implications of
polymicrobial blood-borne infection. Arch Surg 1985; 120:
345-8

Ebina K, Sakagami H, Yekota K et al. Cloning and nucleotide sc-
quence of cDNA encoding Asp-hemolysin from Aspergillus
fumigatus. Biochim Biophys Acta. 1994; 1219:148-50

Edwards JE, Foos RY, Montgomery 7 ct al. Qcular manifcsta-
tions of Candida septicemia: review of seventy-six cases of
hematogenous Candida endophthalmitis. Medicine (Baltimore)
1974: 53: 47-75

Edwards JE Jr. Invasive candida infcctions—cvolution of a fungal
pathogen. N Engl | Med. 1991: 324: 1060-2

Edwards JE, Filler SG. Curzent strategics for treating invasive can-
didiasis : cmphasis on infections in noneutropenic patients.
Clin Infect Dis 1992;14 Suppl 1:5106-13

Bdwards I3, Bodey GP, Bowden RA et al. International confer-
ence for the development of a consensus on the management
and prevention of severe candidal infections. Clin Infeer Dis
1997, 25: 43-59

Eggimann P, Prancioli P, Bille § ct al. Fluconazole prophylaxis pre-
vents intra-abdominal candidiasis in high-risk surpical patients.
Crit Cage Med 1999; 27: 1066-72

Einscle H, Hebart H, Roller G et al. Detection and identification
of fungal pathogens in blood by using molecular probes. ] Clin
Microbiol 1997; 35: 1353-60

Eisenberg ES, Leviton 1, Soeiro R. Fungal peritonitis in paticnts
receiving peritoneal dialysis: experience with 11 patients and
review of the literature. Rev Inlect Dis 1986; 8: 309-21

El-Ebiazy M, Torres A, Fabrega N ct al. Significance of the isola-
tion of Candida specics from respitatory samples in critically
ill, non-neutropenic patients. Am ) Respir Crit Care Med 1997;
156: 583-90

Ellis ME, Al-Abdely H, Sandtidge A et al. Fungal endocarditis: evi-
dence in the world literature, 1965-1995. Clin Infect Dis 2001,
32: 50-62

Ead A, Helbich T, Wisser W et al. The pulmonary nodule afier
lung transplantation: cause and outcome. Chest 1995; 107:
1317-22;

EORTC Internation Antimicrobial Therapy Cooperative Group.
Empiric antifungal therapy  in febrile granulocytopenic pa-
ticats. Am J Med 1989; 86: 668-72

Epstcin JB, Polsky B. Oropharyngeal candidiasis: a review of its
clinical spectrum and current therapies. Clin Ther 1998; 20:
40-57

Erjavez Z, Woolthuis GM, de Vries-Hospers HG et al. Tolerance
and cfficacy of amphotericin B3 inhalations for prevention of
invasive pulmonary aspergillosis in haematological patients.
Eus j Clin Microbiol Infect Dis 1997;16:36:1-8

Espincl-lngroff A, Boyle K, Shechan DJ. In vitro antifungal activ-
ities of voriconazole and reference agents as detersnined by
NCCLS methods: Review of the literatare. Mycopathologia
2001;150:101-115

Eubanks PJ, De Visgiloi C, Klcin S ct al. Candida sepsis in surgical
patients, Am ) Surg 1993: 166: 617-20

Everen JE, Wahoff DC, Statz C ¢t al. Chasacterization and impact
of wound infection after pancreas transplantation. Arch Surg
1994; 129: 1310-6

Ferra C, Docbbeling BN, Hollis RJ ct al. Candida tropicalis verte-
bral osteomyelitis: a late sequela of fungemia. Clin Infect Dis
1994; 19: 697-703

Fidel PL, Vazquez JA, Sobel JD. Candida glabrata: review of epi-
demiology, pathogencsis, and clinical discase with comparison
to C. albicans. Clin Microbiol Rev 1999; 12: 80-96

Filler $G, Ibe BO, lbrahim AS et al. Mechanisms by which
Candida albicans induces endothelial cell prostaglandin synthe-
sis. Infect Immun 1994; 62: 11649

Filler 8G, Swerdloff IN, Hobbs et al, Penctration and damage of
endothelial cells by candida albicans. Infect Immun 1995; 63:
976-83

Filler $G, Plunder AS, Spellberg BJ. Candida albicans stimulates
cytokine production and leukocyte adhesion molecule expres-
sion by endothclial cells. Infeet Immun 1996; 64: 2609.17

Fischler DF, Hall GS, Gordon § ct al. Aspergillus in cytology spec-
imens: a review of 45 specimens from 36 patients. Diagn
Cytupathol 1997 16: 26-30

Fisher MA, Shen SH, Haddad J et al. Comparison of in vivo activ-

EUROPEAN JOURNAL OF MEDICAL RESEARCH 219

ity of fluconazole with that of amphotericin B against Candida
tropicalis, Candida glabrata, and Candida krusci. Antimicrob
Agents Chemother 198Y; 33: 1443-6

Flume PA, Egan TM, Paradowski L] ct al. Infectious complica-
tions of lung transplantation. Impact of cystic fibrosis. Am )
Respir Crit Care Med 1994; 149: 1601-7

Fong IW, Cheng 1'C, Hinton NA. Fungicidal effect of amphoteri-
cin B in urine: in vitro study to assess feasability of bladder
washout for localization of sitc of candiduria. Antimicrob
Agents Chemother 1991; 35: 1856-9

Fraser V], Jones M, Dunkel | et al. Candidemia in a 1estiary care
hospital: epidemiology, tisk factors, and predictors of mortal-
ity. Clin Infect Dis 1992; 15: 414-21

Franti RA, Ghannoum MA, Edwards JI2 et al. Gamma inteeferon
protects endothelial cells from damage by Candida albicans by
inhibiting cndothelial cell phagocytosis. Infeet Immun 1996 ;
04 : 4714-8

Frick T, Fryd DS, Goodale RL et al. Incidence und treatment of
Candida esophagitis in patients undergoing renal transplanta-
tion. Am ) Surg 1988; 155: 311-313

Gadd MA, Hansbrough JF, Hoyt DB. Defective T-cell surface
antigen expression after mitogen stimulation. An index of lym-
phocyte dysfunction after controlled murine injury. Ann Surg
1989; 209: 112-8

Guines JD, Remington )8, Disseminated candidiasis in the surgical
patient. Surgery 1972; 72: 730-6

Garvey BM, McCambley JA, Tuxen DV, Effeets of gastric alkaliza-
tion on bactetial colonization in critically ill patients, Crit Care
Med 19895 17: 211-6

Gathe JC, Harris Rl, Garland B et al. Candida ostcomyelitis.
Report of five case and review of the litetature. Am ) Med
1987; 82: 927-37

Gauto A, Law EJ, Holder 1A, MacMillan BG. Expericnce with am-
photericin-B in the treatment of systemic candidiasis in burn
patients. Am ) Surg 1977;133(2):174-8

Geha D), Roberts GT. Laboratory detection of fungemia. Clin Lab
Med 1994; 14: 83-97

Geldoer G, Ruhnke M, Lepper P et al, Invasive Candida Infection
in surgteal patients: a valid clinical entity.  Anaesthesiol
Intensivmed Notfallmed Schmerzther 2000; 35: 744-9

George D, Miniter P, Andriole VT. Efficacy of UK-109496, a new
azole antifungal agem, in an experimental model of invasive
aspergillosis. Antimicrob Agents Chemother 1996:40:86-91

Ghannoum MA, Abu-litcen KH. Pathogenicity deteeminants of
Candida, Mycoses 1990; 33: 265-82

Ghannoum MA, Okogbule-Wonodi I, Bhat N et al. Antifungal
susceptibility of voriconazole (UK-109,496), tluconazole and
amphotericin B against hematogenous Candida keusei infec-
tion in neutropenic  puinea pig model. | Chemother
1999;11(1):34-9

Giamarellou H, Antoniadou A. Bpidemiology, diagnosis, 2nd ther-
apy of fungal infections in surgery. Infect Control Hosp
Epidemiol 1996; 17: 558-64

Gitmenia C, Pagano |, Leone G et al. Fluconazole and Candida
krusei fungemia. Arch Intern Med 2001; 161: 2267-9

Glower DD, Douglas JM, Gaynor |W ct al. Candida mediastinitis
after a cardiac operation. Ann Thorac 1990; 49: 157-63

Goldie §), Kicrnan-Tridle L, Torres C ct al. FFungal peritonitis in a
large chronic peritoneal dialysis population: a report of 53 epi-
sodes. Am | Kidney Dis 1996; 28: 86-91

Goodman ML, Coffey R]. Stercotactic drainage of Aspergillus
brain abscess with long-term survival: case report and review.
Neurosurgery 1989;21:96-9

Gossot D, Validire [?, Vaillancourt R et al. Full thoracoscopic ap-
proach for surgeial management of invasive pulmonary asper-
gillosis. Ann Thorac Surg 2002:73:240-4

Gotzinger P, Wamser P, Barlan M et al. Candida infection of logal
necrosis i3 scvete acute pancreatitis is associated with in-
creased mortality. Shock 2000;14:320-3

Groll AH, Shah PM, Mentzel C et al. Trends in the postmortem
epidemiology of invasive fungal infections at a university hos-
pital. | Infect 1996; 33: 23-32

Grube BJ, Marvin JA, Heimbach DM. Candida. A decreasing prob-
lem for the busned patient. Arch Surg 1988:123(2):194-6

Guillemain R, Lavarde V., Amrcin C et al. lavasive aspergillosis
after transplantation. Transplant Proe 1995; 27: 1307-9

Guinct R, Chanas J, Goullicr A er al. Fatal septicemia due to am-
photericin B-resistant Candida lusitaniae. ) Clin Microbiol
1983; 18: 4434



220 EUROPEAN JOURNAL OF MEDICAL RESEARCH

Gurwith M), Stinson EB, Remington JS. Aspergillus infection
complicating cardiae transplantation: report of five cases. Arch
Intern Med 1971; 128: 341.5

Hadjiliadis 13, Howell DN, Davis RD et al. Anastomotic infections
in lung transplant recipients. Ann Teansplant 2000; 5: 13-9

Hadley 8, Samore MH, Lewis WD et al. Major infectious complica-
tions after orthotopic liver transplantation and compurison of
outcomes in patients receiving cyclosporine or FK 506 as pri-
mary immunosuppression. Transplantation 1995; 59: 85-9

Hajjch RA, Warnock DWW, Counterpoint: invasive aspergillosis and
the envitonment — Rethioking our approach to prevention,
Clin Infect Dis 2001;33:1549-52

Hamory Bll, Wenzel RP. Hospital-associated candiduria: predis-
posing factors and review of the literature. J Utol 1978; 120:
444.8

Haron I, Vartivarian §, Anaissic I£ et al. Primary Candida pneumo-
nia: experience at a large cancer center and review of the litera-
ture. Medicine (Baltimore) 1993; 72: 137-42

Harousscau JL, Dekker AW, Stamatoullas-Basiard A et al.
Itraconazole oral solution for primary prophylaxis of fungal
infections in patients with hematological malignancy and pro-
found neutropenia: a randomized, double-blind, double-place-
bo, multicenter trial comparing itraconazole and amphotericin
B. Antimicr Agents Chemother 2000; 44: 1887-93

Harvey RL, Myers JP. Nosocomial fungemia in a lazge community
teaching hospital. Arch Intern Med 1987; 147: 2117-20

Hayete MP, Vaira I, Susin F, et al. Detection of Aspergillus spe-
cies DNA by PCR in bronchozalveolar lavage fluid. | Clin
Microbiol 2001:39:2338-40

Hedderwick SA, Lyons M), Liv M et al. Epidemiology of yeast col-
onization in the intensive care unit. Bur J Clin Mictobiol Infect
Dis 2000; 19: 663-70

Heggers JP, Robson MCC, Herndon DN et al. The efficacy of nysta-
tin combined with topical microbial agents in the treatment of
burn wound sepsis. § Burn Care Rehabil 1989; 10: 508-11

Helion WS, Cartico C), Zaveruha PA et al. Diagnosis and treat-
ment of splenic fungal abscesses in the immunc-suppressed
paticnt. Arch Suzg 1986; 121: 580-6

llennequin C, Bouree P, Hiesse C et al. Spondylodiscitis due to
Candida albicans: report of two patients, who were successful-
ly treated with fluconazole and review of the literature. Clin
Infeet Dis 1996; 23: 176-8

Henze G, Aldenhoff 1, Stephani U et al. Successful treatment of
pulmonary and cercbral aspergillosis in an immunosuppressed
child. Eur ) Pediacr 1982;138:263-5

Hesse U], Fryd DS, Chatierjee SN et al. Pulmonary infections. The
Minnesota randomized prospective trial of cylosporine vs aza-
thioprine-antilymphocyte globulin for iminunosupptession in
renal allografi secipients. Arch Surg 1986; 121: 1056-60

Hesse UJ, Sutherland DER, Najarian ]S et al. Intra-abdominal in-
fections in pancreas trnasplant recipients. Ann Sury 1986; 203:
153-62

Hickey WP, Sommerville LH, Schoen F). Disseminated Candida
glabrata: report of a uniquely severe infection and a literature
review. A | clin Pathol 1983; 8(: 724.7

Hoban DJ, Zhanel GG, Karlowsky JA. In vitro suscepribilities of
Candida and Cryptococcus neoformans isolates from blood
cultures  of neutropenic  patients.  Antimicrob  Agents
Chemother 1999:43:1463-4

Hockey L), Fujita NK, Gibbson TR et al. Detection of fungemia
obscured by concomitant bacteremia: 1n vitro and in vivo
studies. J Clin Miccobiol 1982; 16:1080-85

Hoerauf A, Hammer S, Muller-Myhsok B et al. Intra-abdominal
Candida infection during acute necrotizing pancreatitis has a
high prevalence and is associated with increased mortality. Crit
Care Med 1998;206:2010-5

Holmes PF, Osterman DW, ‘Fullos 1S, Aspergillus discitis: report
of two cases and ceview of the literature. Clin Orthop
1988:226:241)-6

Holzheimer RG, Quoika P, Pitzmann D ct al. Nosocomial infec-
tions in general surgery: surveillance report from a German
university clinic. Infection 1990;18:219.25

Hoover M, Morgan ER, Kletzel M. Prior fungal infection is not a
contraindication to bone marrow transplani in patients with
acute Icuketnia. Med Pediair Oncol 1997; 28: 268-73;

Horvath §, Dummer 8, Loyd ] et al. Infection in the transplanted
and native lung after single lung transplantation. Chest 1993,
104: 681-85

Hughes WT, Atmstrong D, Bodey GP, et al. 1997 guidelines for

May 31, 2002

the use of antimicrobial apents in neuttopenic patients with
unexplained fever. Clin Infect Dis 1997; 25: 551-73

Hunt KE, Glasgow BJ. Aspergillus endophthalmitis. An unrecog-
nized endemic discase in orthotopic liver transplantation.
Ophthalmology 1996;103:757-67

Ibrahim Ell, Sherman G, Ward § et al. The influence of inade-
quate antimnicrobial trecatment of bloodstream infections on pa-
ticnt outcomes in the ICU setting. Chest 2000; 118: 146-55

Tkeda K, Yamashira J, Fujisawa H ct al. Cerebral granuloma and
meningitis caused by Candida albicans: useful monitoring of
mannan antigen in cerebrospinal fluid, Neurosurgery 1990; 26:
860-3

Inonce 8, Wirman JA, Alexander JW et al. Candida albicans translo-
cation across the gut mucosa following burn injury. J Surg Res
1988; 44 : 479.92

Iwen PC, Rupp ME, Hinrichs SH. Invasive mold sinusitis: 17 cascs
in immunocompromised patients and review of the literatere.
Clin Infect Dis 1997; 24: 1178-84

Jacobs IG, Skidmore FA, Freeman K et al. Oral fluconazole com-
pated with bladder irrigation with amphoteticin B for treat-
ment of fungal urinary tract infections in elderly patients. Clin
Infeet Dis 1996 ; 22: 30-5

Jarowski CI Fialk MA, Murrey HW et al. Fever, rush and muscle
tenderness. A distinctive clinical presentation of disseminated
candidiasis. Arch Int Med. 1978; 138: 544.6

Jarteu F, Balish E, Moylan JA et al. Clinical experience with pro-
phylactic antibiotic bowel suppression in burn  patients,
Surgery 1978; 83: 523-7

Jarrett F, Maki DG, Chan CK. Management of septic thrombosis
of the infetior vena cava caused by Candida. Arch Surg 1978;
113: 637-9

Jarvis WR. The epidemiology of colonization, Infect Control Hosp
Epidcmiul 1996; 17: 47-52

Jenssen HE, Salonen J, Ekfors TO. The use of immunohistochem-
istey to improve sensitivity and specificity in the diagnosis of
systemic mycoses with haematological malignancies. ) Pathol
1997; 181: 100-5

Johnsten P, Lee ), Demanski M et al. Late recurrent Candida endo-
carditis, Chest 1991; 99: 1531-3

Jones JM, Glass NR, Belzer FO. Fatal candida csophagitis in two
diabetics after renal transplantation. Arch Surg 1982; 117:
499-501

Jones ME, Fox A), Barnes A), et al. PCR-ELISA for the early diag-
nosis of invasive pulmonary aspergillus infection in neutropen-
ic patients. | Clin Pathol 1998:51:652-6

Jonnalagadda 8§, Veerabagu MP, Rakela J et al. Candida albicans os-
teomyelitis in a liver transplant recipient. A case report and re-
view of the literature. Transplantation 1996; 62: 1182-4

Kami M, Fukui T, Ogawa §, et al. Use of teal-time PCR on blood
samples for diagnnsis in invasive aspergillosis. Clin Infect Dis
2001;33:1504-12

Kappe R, Streitzig S, Bohrer H. Retrospective analysis of flucona-
zole therapy in Candida-colonized non-neutropenic, surgical
patients in long-term intensive care. Disch Med Wochenschr
2001;126:905-8

Karam GH, Griffin FM. Invasive pulmonary aspergillosis in non-
immunocompromised, noneutropenic hosts. Rev Infeer Dis
1986; 8: 357-63

Karchmee AW, Samore MH, Hadley S et al. Fungal infections
complicating orthotopic liver trunsplantation. Trans Am Clin
Climato! Assoc 1994; 106: 38-48

Kazim M, Alam M, Shah AA et al. Chronic invasive aspergillosis in
apparently immuncompetent hosts. Clin Infect Dis 1997; 24:
723-33

Karyotakis NC, Anaissic Ef, Hachem R ct al, Comparison of cffi-
cacy of polyenes and triazoles against hematogenous Candida
krusei infection in neutropenic mice. | Infect Dis 1993;168:
1311-3

Kauffman CA, Braley SF, Ross SC et al. Hepatosplenic candidiasis:
successful treatment with fluconazole. Am | Med 1991; 91:
137-41

Kauftman CA. Fungal infcctions in older adults. Clin Infect Dis
2001:33:550-55

Kawamura 8§, Macsaki §, Noda T, ¢t al. Comparison berween PCR
and detection of antigen in sera for diagnosis of pulmonary as-
pergillosis. ) Clin Microbiol 199%;37: 218-20

Kennedy CA, Adams GI., Neglia JP et al. Impact of surgical treat-
ment on paranasal fungal infections in bone marrow transplant
paticnts. Qtolaryngol Head Neck Surg 1997; 116: 610-6



May 31, 2002

Kerkering TM, Duma R}, Shadomy S. The evolution of pulmonary
cryptococcosis: clinical implications from a study of H pa-
ticnts with and without compromising host (actors. Ann
Intern Med 1981; 94: 611-6

Kirby RM, McMaster P, Clements D ct al. Orthotopic liver trans-
plantation: postoperative complications and their manage-
ment. Br | Surg 1987; 74: 3-11

Kitkpatrick Cl1. Host factors in defense against fungal infections,
Am J Med 1984; 77: 1-12

Kickpatrick WR, MeAtee RK, Fothergill AW ct al. Effticacy of vori-
conazole in a guinea pig model of disseminated invasive aspes-
gillosis. Antimicrob Agents Chemother 2000:44:2863-8

Kaosolla C, Weng Y, Warnecke H et al. Mycotic aortic aneurysms
after orthotopic heart rransplantation: a three-case report and
review of the lirerature, ) Heart Lung Transplam 1996; 15:
827-39

Kountoyiannis DP, Luna MA, Samuels BI et al. Hepatosplenic can-
didiasis. A manifestation of chronic disseminated disease.
Infect Dis Clin North Am 2000; 14: 721-39

Koral K, Hall TR. Mycotic pseudoaneurysm of the aortic arch: an
unusual complication of invasive pulmonary aspergillosis. Clin
Imaging 2000:24:279-82

Kozel TR, Wilson MA, Fareell TP et al. Activation of €3 and bind-
ing to Aspergillus fumigatus conidia and hyphae. Infect
Immun 1989; 57: 3412-7

Kozel TR, Wilson MA, Plrommer GS et al. Activation and binding
of opsonic fragments of C3 on encapsulated Cryplococcus
ncoformans by using an alternative complement pathway re-
constituted from six isolated proteins. Infect Immun 1989;
57:1922-7

Kozinn PJ, Taschdjian Cl., Kodsi BE et al. Diagnosis of systemic
or visceral candidosis. Can Med Assoc ) 1982; 126: 1386-90

Kramer MR, Denning DWW, Marshall SE et al. Ulcerative tracheo-
bronchitis {ollowing lung transplantation: a new form of inva-
sive aspergillosis. Am Rev Resp Dis 19913 1443: 552-0

Krause W, Matheis H, Wulf K. Fungemia and fungusia after oral
administration of Candida albicans. Lancer 196Y; (1) 398-9

Kressel B, Szewezyk C, Tuazon CU. Early clinical recognition of
disseminated candidiasis by muscle and skin biopsy. Arch
Intern Med 1978; 138: 429-33;

Kujath P, Lerch K. Sccondary mycosis in surgery: treatment with
fuconazole. Infection 1989;17:111.7

Kujath P, Kochendorfer P, Kreiskother E et al. Fungal petitonitis.
Chiruryg 1990: 61: 900-5

Kujath P, Jerch K, Dammrich J. Fluconazole monitoting in
Candida petitonitis based on histological control. Mycoses
1990; 33: 441-8

Kujath P, Klempien 1, Muhl E et al. Invasive aspergillosis on a suz-
gical intensive care unit. Mycoses 2000;43 Suppl 2:23-7

Kung N, Fisher N, Gunson B et al. Fluconazole prophylaxis for
high-risk liver transplant recipients. Lancet 1995, 349: 12345

Kusne S, Dummer JS, Singh N et al. Infections after liver trans-
plantation. An analysis of 101 consecutive cases, Medicine
(Baltimotc) 1988; 67: 13243

Lake DE, Kunzweiler |, Beer M et al. Fluconazole versus ampho-
tericin B in the treatment of csophageal candidiasis in cancer
paticnts. Chemotherapy 1996; 42: 308-14

Laskin JA, Greene N, Sandin RL et al. Primary cutancous aspergil-
losis: case report and review of the literatuce. Infect Control
Hasp Epidemiol 1996; 17; 363-6

Latge JP, Moutaouakil M, Debeaupuis JP ct al. The 18-kilodalton
antigen secreted by Aspergillus  fumigaius. Infect Immun.
1991; 59: 2586-94

Law EJ. Kim O}, Sticritz DD et al. Expericnee with systemic can-
didiasis it the burned patient. | Trauma 1972;12:543-52

Le Moing V, Lortholary O, "Fimsit JF et al. Aspergillus pericarditis
with ramponade: seport of o successfully treated case and re-
view. Clin Infect Dis 1998 ;26:451-60

Lee JK, Peters D, Obias AA er al. Activity of voriconazole against
Candida albicans and Candida krusci isolated since 1984, Ing |
Antimicrob Agents 2000:16:205-9

Leu HS, Huang CT. Cleasance of funguria with short-conrse of
antifungal regimens: a prospective, randomized, controlled
study. Clin Infect Dis 1995; 20: 11527

Levenson C, Wohlford P, Djou J et al. Preventing postoperative
burn wound aspergillosis. } Burn Care Rehabil 19915 12: 1325

Levine J, Bernard DB, Idclson BA et al. Fungal peritonitis compli-
cating continuous ambulatory peritoneal dialysis: successful
treatment with fluconuzole, a new osally active antifungal

EUROPEAN JOURNAL OF MEDICAL RESEARCH

[
b
—

agent. Am ] Med 1989: 86: 825-9

Levy H, Horak DA, Tegtmeicr BR ct al. The value of bronchoalve-
olar lavage and bronchial washings in the diagnosis of invasive
pulmonary aspergillosis. Respir Med 1992; 86: 243-8

Lew “1W, Dacby ), Marion DW. Candida mediastinitis and scptic
shock following occult esophageal petforation in a patient with
posttraumatic quadtiplegia. | Trauma 1995, 39: 805-8

Lin W8, Hung HY. Transnasal endoscopic surgery of sphenoid
sinus aspergillosis. ] Laryngol Otol 1993; 107: 837.9

Linder J. Infection as a complication of heart wansplantation, |
Heart Transplant 1988; 7: 390.4

Logan PM, Primack SI., Miller NL. Invasive aspergillosis of the
airways: radiographic,CT, and pathologic findings. Radiology
1994; 193: 3838

Machetii M, Zoui M, Veroni L et al. Antigen detection in the diag.
nosis and management of a paticnts with probable cerebral as-
pergillosis  treated  with voriconazole. Transpl Infect Dis
2000;2:140-4

MacMillian BG., Law B}, Holder A, Experience with Candida in-
fections in the burn patient. Arch Surg 1972, 104 509-
14

Maid DG, Stolz SM, Wheeler § et al. Prevention of central venous
catheter-related bloodstream infection by use of an antiscptic-
impregnated catheter. Ann Intern Med 1997; 127: 257- 66

Mandak S, Pollack B, Fishman NO «t al. Acalewlous candidal
chuleeystitis: a previously unrecognized complication after car-
diac transplantation. Am ] Gastroentesol 1995; 90: 1333-7

Mareus |R, Hussong JW, Gonzalez C ct al. Risk factors in necro-
tizing fasciitis: a case involving Cryplococcus neoformans.
Ann Plast Surg 1998; 40: 80-3

Matkaryan A, Morozova 1, Yu H et al. Purification and character-
ization of an clastinolytic metalloproteuse from Aspergillus fu-
migatus and immunoclectron microscopic evidence of secre-
tion of this enzyme by the fungus invading the murine lung.
Infect Immun. 1994; 62:2149-57

Matr KA, White TC, van Burk JAH et al. Development of flucona-
zole resistance in Candida albicans causing disseminated infec-
tion in a patient undergoing bone marrow transplantation. Clin
Infect Dis 1997; 25: 908-10

Marsh PK, Tally FI’, Kellun ] et al. Candida infections in surgical
patients. Aan Surg 1983;198:42-47

Marshall JC, Christou KV, Meaking JI.. The gastrointestinal tract.
The "undrained abscess” of multiple organ failure. Ann Surg
1993; 218: 1119

Macshall JC, Christou NV, Meakins JL. lmmunomodulation by al-
tered gastrointestinal tract flora. The effects of orally adminis-
tered, killed Staphylococcus epidermidis, Candida, and
Psendomonas on systemic immune response. Arch Surg 1988;
123: 1465-9

Martinez A). Ahdab-Barmada M. The acuropathology of liver
transplantation: comparison of main complications in children
and adults. Mod Pathol 1993; 6: 25-32

Martinez-Suarez JV, Rodriguez-Tudela J1. Patterns of in vitro ac.
tivity of itraconazole and imidazole antifungal agents against
Candida albicans with decreased susceptibility 1o fluconazole
from Spain. Antimicrob Agents Chemother 1995; 39: 1512-6

Masur [, Rosen PP, Armstcong D, Pulmonary disease caused by
Candida species. Am J Med 1977; 63: 91425

Mathieson R, Dutta SK. Candida esophagitis. Dig Dis Sci 1983: 28:
365-70

Mayer )M, Nimer L, Carrol K. Isolated pulmonary aspergillar in-
fection in cardiac wransplant recipients: case report and review.
Clin Infeer Dis 1992;15(4):698-700

McLoughlin GA, Wu AV, Saporoschetz 1 ¢t al. Corrclation
between anergy and a circulating immunosuppressive factor
following major surgical trauma. Ann Surg 1979: 190: 297-304

McWhinaey PH, Kibbler CC, Hamon MD et al. Progress in the di-
agnosis and management of aspergillosis in bone marrow
transplantation: 13 years’ experience. Clin Infect Dis 1993; 17:
397404

Menichetti F, Del Favero A, Martino P et al. ltraconazole oral so-
lution as prophylaxis for fungal infections in ncutropenic pa.
tients with hematologic malignancies: a randomized, placebo-
controlled,  double-blind, multicenter  trial.  GIMEMA
Infection Program. Gruppe luliano Malatic Ematologiche
dell’ Adulta. Clin Infect Dis 1999; 28: 250-5

Meunicr I, Prentice HG, Ringden O. Liposomal amphotericin B
{Ambisome) salety data from a phase 11/111 clinieal trial. )
Antimicrob Chemother 1991: 28(suppl B): $83-91




222 EUROPEAN JOURNAL OF MEDICAL RESEARCH

Meunier-Carpentier ¥, Kichn TE, Armstrong . Fungemia in the
immunocompromised host. Changing patterns, antigencmia,
high mortality. Am ) Med 1981; 71: 363-70

Michel C, Courdavault 1, al Khayat R ct al. Fungal peritonitis in pa.
tients on peritoneal dialysis. Am J Nephrol 1994; 14: 113-20

Miller D), Mejicano GC. Vertebral osteomyelitis due to Candida
species: case report and literatuee review. Clin Infect Dis 2001;
33: 523-30

Mills W, Chopra R, Linch DC et al. Liposomal amphotericin B in
the treatment of fungal infections in neutropenic paticnts: a
single-centte expetience of 133 episodes in 116 patients. Br )
Hacmatol 1994; 86: 753-60

Mitchell KG, Bradley JA. Ledingham IM et al. Candida coloniza-
tion of the oral cavity, Surg Gynccol Obstet 1982; 154: 870-4

Muoteau P, Zahar JR, Milpied N et al. Localized invasive pulmonary
aspergillosis in patients with ncuttopenia.  Effectiveness of
surgical. resection. Cancer 1993:72:3223-6

Morgenstern GR, Prentice AG, Prentice HG et al. A randomized
controlled trial of itraconazole versus fluconazole for the pre-
venrion of fungal infections in patients with haematological
malignancies. U.K. Muliicentre Antifungal Prophylaxis Study
Group. Br |} Haemarol 199%, 105:  901-
1

Muchrcke DD, Lyle BW, Cosgrove DM. Surgical and long-tcrm
antifungal therapy for fungal prosthetic valve endocarditis,
Ann Thorac Surg 1995: 60: 538-43

Mullbacher A, Waring P, Eichner RD. Identification of an agent in
cultures of Aspergillus fumigatus displaying anti-phagocytic
and immunomodulating activity in vitro. ] Gen Microbiol
1985; 131: 1251.8

Mycrs BR, Licberman TW, Ferry AP, Candida endophthalmitis
complicating candidemia, Ann Intern Med 1973; 79: 647-33

Nakahira M, Saite H, Miyagi T. Left voeal cord paralysis as a pri-
maty manifestation of invasive pulmonary aspergillosis in a
nonimmunocompromised host. Arch Otolaryngol Head Neck
Surg 1999:125:691-3

Nanas JN, Saraglou G, Anastasion-Nana MI et al. Itraconazole for
the treatment of pulmonary aspergillosis in heart transplant re-
cipients. Clin Transplant 1998;12:30-4

Nassoura Z, Ivartury RR, Simon R) et al. Candiduria as an carly
marker of disseminated infection in critically il) surgical pa-
tients: the role of fluconazole therapy. § Trauma 1993; 35: 290.
5

Nathens AB, Rotstein QD, Marshall JC. Tertiary petitonitis:
Clinical features of a complex nosocomial infection, World §
Surg 1998; 22: 158-63

National Committee for Clinical Laboratory Standards (NCCLS).
Refetence method for broth dilution antifungal susceptibility
testing of yeasts: approved standard. NCCLS document M27-
A, Wayne PA : NCCLS. 1997

Ng TTC, Robson GI, Denning DW. Hydrocortisone-enhanced
growth of Aspergillus spp: implications for pathogenesis.
Microbiology 1994;140:2475-80

Nguyen MH, Peacock JE, Tanner DC et al. Therapeutic approach-
es in patients with candidemia: evaluation in a multicenter,
prospective, observational study. Arch Intern Med 1995; 155:
2429-35

Nguyen MH, Yu VL. Meningitis caused by Candida species: an
emerging problem in neurosurgical patients. Clin Infect Dis
1995; 21: 323-7

Nicto-Rodriguez JA, Kusne S, Manez R et al. FFactors associated
with the development of candidemia and candidemia-related
death among liver transplant recipients. Ann Surg 1996; 223:
70-6

Nolla-Salas §, Leon C, Torres-Rodriguez JM et al. Treatment of
candidemia in critically ill surgical patients with intravenous
fluconazole. Chin Infect Dis 1992 ;14 :952.4

Noskin GA. Pictrelli [, Coffey G ct al. Amphotericin B colloidal
dispersion for the treatment of candidemia in immuncom-
promised patients. Clin Infect Dis 1998; 26: 461-7

Obayashi T, Yoshida M, Mori T et al. Plasma (1,3)-(-D-glucan
measurcment in diaghosis of invasive deep mycosis and fungal
febrile episodes. Lancet 1995; 345: 17-20:

Qdev K, Caliskan U, Emlik 13 et al. Pneumomediastinum and
pneumopeticardium duc to intracavitary aspergilloma: an un-
usual complication of fungal pneumonia. Pediatr Radiol
2002;32:143-5

Okano M, Yamada M, Ohisu M ct al. Successful reatment with
methyvlprednisolone pulse therapy for a life-threatening pulmo-

May 31, 2002

nary insufficiency in a patient with chronic granulomatous dis-
case following pulmonary invasive asperpillosis  and
Burkholderia cepacia infection. Respiration 1999:66:551-4

Palmer LB, Greenberg HE, Schiff M|, Corticosteroid treatment as
tisk factor for invasive aspergillosis in patients with lung dis-
case, Thorax 1991; 46: 15-21);

Panos R], Barr  LF, Walsh 'IJ et al. Factots associated with fatal
hemoptysis in cancer patients, Chest 1988: 94: 1008-13

Pappas PG. Therapy of cryptococeal meningitis in non-HIV-in-
fected patients. Curr Infeet Dis Rep 2001:3:365-70

Patker JC, McCloskey J), Solanki KV et al. Candidosis: the most
common postmortem cercbral mycosis in an endemic fungal
area. Sutg Newrol 1976; 6; 123-8

Parkhurst GF, Decker JP. Bacterial aortinis and mycotic ancurysm
of the aorta: A report of twelve cases. Am J Pathol 1955; 31:
821

Patterson JE. Epidemiology of fungal infections in solid vrgan
transplant patieats. Transpl Infect Dis 1999; 1: 229-36

Paya CV. Prevention of fungal and hepatitis virus infections in
liver transplantation. Clin lofect Dis 2001; 33 (Suppl 1): 547-
52

Pelz RK, Hendrix CW, Swoboda SM et al. Double-blind placebo-
controlled trial of fluconazole to prevent candidal infections in
critically ill surgical patieuts. Ann Surg 2001;233:542-8

Penalver MC, Casanova M, Martinez P er al. Cell wall protwin and
glycoprotein constituents of Aspergilius fumigatus that bind 1o
polystyrene may be responsible for the cell surface hydropho-
bicity of the mycclium. Microbiology 1996; 142: 1597-60+4

Penalver MC, O’Connor JE, Mactinez )P ct al. Binding of human
fibronectin to Aspergillus fumigatus conidia. Iafect Immun
1996: 6-+: 1146-53

Petri MG, Kénig ), Moccke HP et al. Epidemiology of invasive
mycosis in ICU patients: a prospective multicenter study in
435 non-neutropenic patients. Intensive Care Med 1997 23:
317-25

Plaller MA, Cabezudo I, Buschelman B et al. Value of the
Hybritech TCON Candida Assay in the diagnosis of invasive
candidiasis in high-risk patients. Diagn Microbiol Infect Dis
1993; 16: 53-60

Pealler MA, Jones RN, Messer SA et al. SCOPE Participant Group.
National suerveillance of nosocomial blood stream infections
due 10 species of Candida ather than Candida albicans: fee-
quency of occurrence and antifungal susceptibility in the
SCOPE program. Diagn Microbiol Infect Dis 1998; 30: 121-9

Paller MA, Diekema D), Jones RN et al. Inteenational surveillance
of bloodstream infections due to Candida species: frequeney
of occurrence and in vitro susceptibilitics to fluconazole, ravu-
conazole, and voriconazole of isolates
collecied from 1997 through 1999 in the SENTRY antimicro-
hial surveillance program. ] Clin Microbiol 2001:39(9): 3234.9

Plaller MA, Dickema D], Jones RN ct al. Trends in antifungal sus-
ceptibility of Candida spp. Isolated (rom pediatric and adult
patients with bloodstream infections: SENTRY Antimicrobial
Surveillance Program, 1997 o 2000. J Clin  Microbicl
2002;40(3):852-6

Phillips 17, Zemcov J, Malhinood W et al. [traconazole cyclodextrin
solution for fluconazole-tefeactory otopharyngeal candidiasis
in AIDS: correlation of clinical response with in vitro suscepri-
bility. AIDS 1996; 10: 136Y-76

Phillips P, Shaftan 8, Garber G et al. Multicenter randomized trial
of fluconazole versus amphotericin B for treatment of candi-
demia in nonneutropenic paticots. Eur | Clin Microbiol Infect
Dis 1997; 16: 337-45

Pidhotecky 1, Urschel ], Anderson T. Resection of invasive pulmo-
nary aspergillosis in immunocompromised patients. Ann Surg
Oncol 2000:7:312.7

Pite JI. The current tole of Aspergillus and Penicillium in human
and animal health. ] Med Vet Mycol 1994:32 Suppl 1:17-32

Pittet 12, Monod M, Suter PM et al. Candida colonization and sub-
sequent in critically il) surgical patients. Ann Surg 1994 220:
751-8

Pitter D, HMuguenin T, Dharan § et al. Unusual cause of lethal pul-
monary aspergillosis in patients with chronic obstructive pul-
monary discase. Am J Respir Crit Care Med 1996:154:541-4

Pizzo PA, Robichaud K], Gill FA et al. Empiric antibiotics and
antifungal therapy for cancer patients with prolonged fever
and granulocytopenia. Am ) Med 1982; 72: 101-11

Pizzo PA, Walsh TJ. Fungal infections in the pediatric cancer pa-
ticnts. Semin Oncol 1990; 17: 6-9



May 31, 2002

Pla MP, Berenguer §, Arzuaga JA ¢t al. Surgical wound infection by
Aspergillus fumigatus in liver cransplant secipients. Diagn
Microbiol [nfect Dis 1992; 15:703-6

Podzorski RP, Herron M), Fast DJ et al. Pathogenesis of candidia-
sis. Immunosuppression by cell wall mannan catabolites. Arch
Surg 1989; 124: 1290.4

Powderly WGKobayashi GS, Herzig GP et al. Amphotericin B-re-
sistent yaest infection in several immunocompromised pa-
tients. Am J Med 1988, 84: 826-32

Prasad JK, Feller [, ‘Thomson PD. A ten-year review of Candida
sepsis and mortality in buro paticots. Surgery 1987; 101: 213-6

Pruire BA, Goodwin CW, Pruitt SK: Burns: including cold, chemi-
cal. and electrical injuries. In: Textbonk of Surgery: The bio-
logical basis of modern surgical practice (15th cdition)
Sabiston DC (editor) 1997 WB  Saunders Company
Philadelphia: 221-252

Pruitt BA, McManus AL, Kim SH, ct al. Burn wound infections:
current status. World ) Surg 1998,22:135-145

Raad I, Hanna H, Huaringa A, et al. Diagnosis of invasive pulino-
nary aspergillosis using polymerase chain reaction-based detec-
tion of aspergillus in BAL. Chest 2002;121:1171-6

Raad 1, Hanna H, Sumoza D et al. Polymerase chain reaction on
blood for the diagnosis of invasive pulmonary aspergillosis in
cancer patients. Cancer 2002;94:1032-6

Rabinovici R, Szewczyk 12, Ovadia P et al. Candida pericarditis:
clinical profile and treatment. Ann Thorac Surg 1997; 63:
1200-4

Rantala A, Njinikoski [, l.chtonen OP. Pathogenesis of postopera-
tive candidiasis: no detectable fungemia during rcoperations
after  abdominal  surgery.  Mycoses 1991, 3 47
52

Rantala A, Niinikoski ], Lehtonen OP. Early Candida isolations in
febrile patients after abdominal surgery. Scand ] Infect Dis
1993; 25: 479-85

Reichard U, Monod M, Odds F et al. Virulence of an aspergillo-
pepsin-deficient mutant of Aspergillus fumigatus and evidence
for another aspartic proteinase linked to the fungal cell wall. |
Med Vet Mycol. 1997; 35: 189-96

Reichenberger EF, Habicht ], Kaim A et al. Lung resection for inva-
sive pulmonary aspergillosis in neutropenic patients with he-
matologic diseases, Am ) Respir Crit Care Med 1998;158:885-
90

Rex JH, Bennett JE, Gallin J1 et al. In vivo interferon-gamma ther-
apy augments the in vitro ability of chronic granulomatous dis-
case neutrophils to damage Aspergillus hyphac. ) Infect Dis
1991; 163: 849-52

Rex JH, Benneu JI, Sugar AM et al. A randomized trial compating
fluconazole with amphotericin B {for the treatment of candide-
mia in patients without ncutropenia, N Engl | Med 1994; 331:
1325-30

Rex jH, Bennett JB. Sugar AM, et al. Intavascular catheter ex-
changes and the duration of candidenia. Clin Infect Dis 1993;
21 994.6

Rex JH, Pfallcr MA, Galgiani N et al. Development of interpretive
hreakpoints for antifungal susceptibility testing: conceprual
framework and analysis of in vitre in vive correlation data for
fluconazole, itraconazole and Candida infections. Clin Infect
Dis 1997; 24: 235-47

Rex JH, Walsh T), Sobel JD et al. Practice guidelines for the treat-
ment of candidiasis. Clin Infect Dis 20040 30: 662-78

Robicsek F. Postoperalive sterno-mediastinitis. Am Surg 2000; 66
184-92

Robinson LA, Reed B, Galbraith TA ct al. Pulmonary rescction
for invasive Aspergillus infections in immunocompromised
patients. | Thorae Cardiovase Susg 1995; 109: 1182-97

Rocco TR, Reinert $E, Simm HH. Effects of flucotiazole adminis-
tration in critically ill patients: analysis of bacterial and fungal
resistance. Arch Surg 2000;135:160-5

Rodrigues R}, Wolf W1 Fungal septicemia in suggical patients.
Ann Surg 197.4180:741-6

Ruilides E, Uhlig K, Venzon D et al. Enhancement of oxidative re-
sponse and damage caused by human  ncutsophils to
Aspergillus fumigatus hyphae by granulocyte colony-stimulat-
ing factor and gamma interferon. Infect Immun 1993 61:
1183.93

Roilides E, Holmes A, Blake C et al. Antifungal activity of elurriat-
ed human monocytes against Aspergillus fumigatus hyphae:
enhancement by granulocyte-macrophage colony-stimulating
factor and interferon-gamma. J Infeer Dis 1994; 170: §94-9

EUROPEAN JOURNAL OF MEDICAL RESEARCH

o
[
w

Roilides E, Blake G, Holmes A et al. Granulocyte-macrophage col-
ony-stimulating factor and inferferon-gamma prevent dexa-
methasone-induced immunosuppression of anufungal muno.
cyte activity against Aspergillus fumigatus hyphac. ] Med Vet
Mycol 19965 34: 63-9

Rosemurgy AS, Drost TE, Murphy CG et al, Treatment of candid-
osis in severely injured adults with short course, low.dose am-
photericin B. ] Trauma 1990:3(:1521-3

Rotstein OD, Pructt 'L, Simmons R1.. Microbiologic features and
treatment of persistent peritonitis in patients in the intensive
care unit. Can ] Surg 1986: 29: 247-30

Rousey SR, Russler S, Gottlich M ct al. Low-dose amphotcticin B
prophylaxis against invasive Aspesgillus infections in allogenc-
ic marcow transplantation. Am J Med 1991; 91: 484.92

Russo VR, Marks €. Renal transplantation: an analysis of operative
complications. Am Surg 1976; 42: 153-9

Rutledge R, Mandel SR, Wild RE. Candida species. Insignificant
contaminant or pathogenic species. Am Surg 1986; 52: 299-
3oz

Saag MS, Graybill R}, Larsen RA ¢t al. for the Mycoses Study
Group Cryptocaceal Subproject. Practice guidelines for the
management of cryptococcal discase. Clin Infect Dis 2000: 30:
710-8

Safran DB, Dawson E. The effect of empiric and proplhylaciic
treatmient with fluconazole on yeust isolates in a surgical trau
ma inteasive cate unit. Arch Surg 1997;132:1184.8

Sailors DM, Barone GV, Gagne P) et al. Candida aneritis: Are GI
endoscopic procedures a soutce of vascular infections? Am
Surg 1996: 62: 472-7

Salerno C'T, Ouyang DW, Pederson TS ct al. Surgical therapy for
pulmonary aspergillosis in immuncompromised patients. Ann
Thorac Surg 1998;65:1415-9

Samonis G, Gikas A, Teloudis P ct al. Prospective study of the im-
pact of broad-spectrum antibiotics on the yeast flora of the
human gur. Fur ] Clin Microbiol Infect Dis 1994; 13: 605-7

Samonis G, Skordilis P, Maraki S et al. Oropharyngeal candidiasis
as a marker for esophageal candidiasis in paticats with cancer.
Clin Infect Dis 1998; 27: 283-6

Samonis G, Thomakes N, Liakakos T ct al. Effects of cefepime
and meropencin on the gastrointestinal colonization of surgi-
cal patients by Candida albicans. Chemotherapy 2001; 47: 350-
3

Sanchez C, Mauri E, Dalmau D et al. Treament of cerebral asper-
gillosis with itraconazole: do high doses improve the progno-
sis? Clin Infect Dis 1995; 21: 1485.7

Sandur S, Gordon SM, Mchta AC et al. Native lung pncumonccio-
my for invasive pulmonary aspergillosis following lung trans-
plantation : a casc report. } Heart Lung Transplant 1999,
18:810-3

Sangeorzan JA, Bradley SF, He X et al. Epidemiology of oral can-
didiasis tn HIV-infeetcd paticnrs: colonization, infection, treat-
ment, and emergence of fluconazole resistance. A ) Med
1994; 97: 339-46

Savino ) A, Agarwal N, Wry P et al. Routine prophylactic antifungal
agents (Clotimoxazole, ketokonazole, and nystatin) in non-
transplant/ponburned critically ill surgical and wauma pa-
tients. | Trauma 1994; 36: 20-6

Sawyer RG, Rosenlof LK, Adams RE ct al. Peritonitis into the
1990s: changing pathogens and changing strategies in the criti-
cally ill. Am Surg 1992; 58: 82-7

Schaffncr A, Douglas H, Braude A. Sclective protection against co-
nidia by mononuclear and against mycelia by polymorphonu.
clear phagocytes in resistance to Aspergillus. Observations on
these bwo lines of defense in vivo and in vitro with human and
mouse phagocytes. ] Clin Invest 1982; 69: 617-31

Schrank JH, Dooley DP. Purulent pericarditis caused by Candida
species: case report and seview, Clin Infece Dis 1995; 21: 182-7

Schriter GPJ, Hoelscher M, Putnam CW et al. Fungus infection
after liver transplantation. Ann Surg 1977; 186: 115-22

Schwartz $, Milatovic D, Thiel E. Successful treatment of cerebral
aspergillosis with a novel triazole (voriconazole) in a patient
with acute leukemia. Br § Haematol 1997,97:663-5

Scovill WA, Saba T'M. Humoral recognition deficiency in the etiol-
ogy of reticuloendothelial depression induced by surgery. Ann
Surg 1973; 178: 59-64

Scelig MS, Speth CP, Kozinn PJ et al. Patterns of candida endocar-
ditis following cardiac surgery: importance of catly diagnosis
and thetapy (an analysis of 91 cases). Prog Cardiovase Dis
1974; 18: 125-60




224 EUROPLEAN JOURNAL OF MEDICAL RESEARCH

Selby R, Ramirez CB, Singh R et al. Brain abscess in solid organ
transplant recipients receiving cylosporine-based immunosup-
pression. Arch Surg 1997: 132: 304-10

Sergi C, Weitz ), Hofmann W) ct al. Aspergillus endocarditis, myo-
carditis and pericarditis complicating necrotizing fasciitis. Case
report and subject review. Virchows Arch 1996:429:177.80

Seyfarth HJ, Nenoff P, Winkler ) et al. Aspergillus detection in
bronchoscopically acquired material, Significance and interpre-
tation. Mycoses 2001;44:336-60

Shapiro K, Tabaddor K. Cerebral aspergillosis. Surg Neurol 1975;
4: 465-71

Silverman RA, Rhodes AR, Dennchy PH. Dissemainated intravas-
cular coagulation and purpura fulminans in a paticnt with can-
dida scpsis. Biopsy of purpura fulminans as an aid to doagno-
sis of systemic candida infection. Am ] Med 1986: 80: 679-84

Singh N, Micles L, Yu V1. ct al. Invasive aspergillosis in liver trans-
plant recipicats: association with candidernia and consumption
coagulopathy and failure of prophylaxis with low-dose ampho-
tericin B. Clin Infect Dis 1993; 17: 906-8

Singh N. Changing spectruin of invasive candidiasis and its thera-
peutic implications. Clin Microbiol Infect 2001;7 Suppl 2:1-7

Slotman GJ, Burchard KW. Ketoconazole prevents Candida sepsis
in critically il surgical patients, Arch Surg 1987; 122: 147-51

Slotman G), Shapito E, Moffa SM. Fungal sepsis: multisite coloni-
zation versus fungemia. A Surg 1994; 60: 107-13

Smego RA, Perfeet JR, Durack DT. Combined therapy with am-
photericin B and 5-fluorocytosine for Candida meniagitis. Rev
Infeer Dis 1984; 6: 791-801

Smith JM, Davies JE, Holden DV, Construction and pathogenicity
of Aspergillus fumigatus murants that do not produce the ribo-
toxin restrictocin, Mol Microbiol 1993: 9: 1071-7

Sobel J12, Kauffman CA, McKinsey I3 et al. Candiduria: a random-
ized, double-blind study of reeatment with Auconazole and
placebo. Clin Infect Dis 2000; 30:19-24

Solomkin J5, Flohr AB, Quic PG et al. The role of Candida in
intraperitoneal infections. Surgery 1980; 88: 524.30

Solomkin S, Flohr A, Simmons RL. Candida infections in surgical
patients. Dose requitements and toxicity of Amphotericin B.
Ann Surg 1982; 195: 177-85

Solomkin )5. Timing of treatment for noneutropenic patients colo-
nized with Candida. Am | Surg 1996; 172(suppl 6A): 445488

Spebar MJ, Pruitt BA. Candidiasis in the burned paticat. } Trauma
1981, 21: 237.39

Spebar M, Walters M), Pruitt BA. Improved survival with aggres-
sive surgical management of noncandidal fungal infections of
the burn wound. ) Trawna 1982; 22: 867-8

Stammberger H. BEndoscopic surgery for mycotic and chronic rc-
curring sinus infections. Ann Otol Rhinol Laryngol 1985; 119
Suppl:1-11

Stevens DA, Lee Y. Analysis of compassionate use itraconazole for
invasive aspesgillosis by the NIAID Mycoses Study group cri-
teria. Arch Intern Med 1997:157:1857-62

Stevens DA, Kan VL, Judson MA et al. Pracitce guidelines for dis-
eases caused by Aspergillus. Clin Infect Dis 2000,30:696-709

Stone HH, Kolb LD, Curzsic CA et al. Candida sepsis: pathogenesis
and principles of trearments, Ann Surg 1974; 179: 697.711

Stone HH, Cuzaell }Z, Kolb LI et al. Aspergillus infection of the
burn wound. J Trauma 1979; 19: 765-7

Strinden WD, Helgerson RB, Maki DG. Candida septic thrombosis
of the great central veins associated with central catheters.
Ann Suzg 1985; 102: 653-8

Sugar AM, Saunders C, Diamond RD. Successful treatment of
Candida ostcomyelitis with fluconazole: a noncomparitive
study of two paticnts. Diagn Microbiol Infect Dis 1990; 13;
517-20

Suster §, Rosen LB. Intradeonal bullous dermatitis due 10 candidi-
asis in an immunocompromised patient. JAMA 1987, 258:
2106-7

Sutton P, Newcombe NR, Waring P et al. Exacetbation of invasive
aspergillosis by immunosuppeessive fungal metabolite, gliotox-
in. Immunel Cell Biol 1996:74:318-22

Sutton DA, Sanche SE, Ravankar SG ct al. In vitro amphotericin B
resistance in clinical isolates of Aspergillus terreus, with a
head-to-head comparison to voriconazole. | Clin Microbiol
1999;37:2343.5

Swift AC, Denning DW. Skull base osteiitis following fungal sinus-
itis, ] Laryngol Otol 1998;112:92-7

Tait RC, O'Driscoll BR, Denning DW. Unilateral wheeze due to
pseudomembranous Aspergillus tracheobronchitis in the im-

May 31, 2002

munocompromised patient. Thorax 1993 48: 1285-7

Talbot GH, Huang A, Provencher M. Invasive aspergillus rhino-
sinusitis in patients with acute leukemia. Rev Infect Dis 1991
13: 219-32

Tang C. Successful treatment of Candida albicans ostcomyelitis
with fluconazole. § Infect 1993; 26: 89-92

Tang CM, Holden DW, Aufauvre-Brown A ct al. The detection of
Aspergillus spp. by the polymerase chain reaction and its eval-
uation in bronchoalveolar fluid. Am Rev Respir Dis 1993;148:
1313-7

Tanis BC, Verburgh CA, van’t Wout JW et al. Aspergillus perito-
nitis in peritoneal dialysis: case report and review of the litera-
ture. Nepheol 1Dial Transplant 1995,10:1240-3

Thaler M, Pastakia B, Shawker TH et al. Hepadie candidiasts in
cancer patients: the evolving pictuce of the syndrome. Ann
Intern Med 1988; 108: 88-100

Tollemar |, Hockerstedt K, Ericzon BG ¢t al. Liposomal ampho-
tericin 3 prevents invasive fungal infections in liver transplam
tecipients: 2 randomized,  placcbo-controlled  study.
Transplantation 1995; 59: 45-50

Tomee JF, Mannes GP, van der Bij W ct al. Serodiagnosis and
monitoting of aspergillus infection after lung tansplantation.
Ann Intern Med 1996; 125: 197.201

Torre-Cisneros J, Lopez OL, Kusne S et al. CNS aspergillosis in
organ transplantation: a clinicopathological study. ] Neurol
Neurosurg Psychiatry 1993; 56: 188-93

Tronchin (i, Bouchara JP, Larcher G et al. Interaction between
Aspergillus fumigatus and basernent membrane laminin: bind-
ing and substeate degeadation. Biol Cell 1993; 77: 2(1-8

Tunkel AR, Thomas CY, Wispclwey B. Candida prosthetic ar-
thritis: report of a case treated with fluconazole and review of
the litesature, Am ] Med 1993: 94: 100-3

Verghese A, Prabhu K, Diamond RD et al. Synchronous bacterial
and fungal sepricemia. A matker for the critically ill surgical
patient. Am Surg; 1988;54:276-283

Verwedj PE, Brinkman K, Keemer HP? et al. Aspergillus ineningitis:
diagnosis by non-culturc-based microbiological methods and
management. ] Clin Microbiol 1999;37:1186.9

Verwedj PE, Weemaes CM, Curfs JH, ct al. Failure to detect cireu.
lating Aspergillus markers in a patient with chronic granuloma-
tous disease and invasive aspergillosis. | Clin Microbiol
2000;38:3900-1

Vindenes I, Bjerknes R. The frequeney of bacteremia and funge-
mia following wound cleaning and cxcision in paticnts with
large burns. § Teawma 1993; 35: 742-49

Volkhcimer G, Schult PH, The phenomenon of persorption.
Digestion 1968; 1; 213-8

Wade J}. Rolande N, Hayllar K et al. Bacterial and fungal infec-
tions after liver transplantation: an analysis of 284 patents.
Hepatology 1995; 21: 1328-36

Wajsczuk CP, Dummer JS, Ho M ct al. Fungal infections in liver
transplant recipients, Teansplantation 1985, -10: 347-53

Walsh TJ, Hutchins GM, Bulkley BH ct al. Fungal infections of the
heatt: an analysis of 51 autopsicd patients. Am J Cardiol 198(;
45: 357-66

Walsh 7], Caplans IR, Hier DB. Aspergillus infections of the cen-
tral nervous system: a clinicopathological analysis. Ann Neurol
1985;18:374-82

Walsh T). Bustamente CI, Viahov D et al. Candidal suppurative
peripheral  thrombophlebitis:  recognition,  prevention, and
management. Infect Control 1986: 7: 16-22

Walsh T). Dixon DM. Nosocomial aspergillosis: environmental
microbiology, hospital epidemiology, diagnosis and ucatment.
Eur ] Epidemiol 198Y; 5:131.42

Walsh T, Lee |, Lecciones | et al. Empiric therapy with amphoter-
icin B in febrile granulocytopenic patients. Rev Infect Dis
1991;13: 496-503

Walsh I, Whitcomb PO, Ravankar $ et al. Sucessful treatinent of
hepatosplenic candidiasis through repuated episodes of new-
tropenia. Cancer 1993; 76: 2357-62

Walsh T), Whitcomb P, Piscitelli § et al. Safety, tolerance, and
pharmacckinetics of amphotericin B lipid complex in children
with hepatosplenic candidiasis. Antimicrob Agents Chemother
1997; 41: 1944-8

Walsh ‘T, Hiemenz JW, Scibel NL et al. Amphotericin B lipid
complex for invasive fungal infection: analysis of safety and ¢f.
ficacy in 356 cases. Clin Infoet Dis 1998; 26: 1383-96

Walsh T}, Finberg RW, Arnde C et al. Liposomal amphotericin B
for empisical therapy in paticnts with persisient fever and neu-



May 31, 2002 EUROPEAN JOURNAL OF MEDICAL RESEARCH

tropenia. N Engl ] Med 199%; 340: 764-71

Walsh T), Pappas P, Winston D] et al. Voriconazole compared
with liposomal amphotericin B for empirical antifungal thera-
py in paticats with ncatropenia and persistent fever. N Engl )
Med 2002:346(4):225-34

Wanger A, Mills K, Nelson PW et al. Comparison of Etest and
National Committee for Clinical Laboratory Standards broth
macrodilution method fos antifungal susceptibility testing: en-
hanced ability to detect amphotericin B-resistant Candida iso-
lates. Antimicrob Agents Chemother 1995; 39: 2520-2

Waring P. DNA frapmentation induced in macrophages by gliotox-
in does not require protein synthesis and is preceded by raised
inusitol triphosphate levels, J Biol Chem 1990;265:1476-80

Washburn RG, Kennedy DW, Begley MG et al. Chronic fungal si-
nusitis in apparently normal hosts. Medicine (Baltimore) 1988;
67: 23147

Weers-Pothott G, Havermans JF, Kamphuis } ct al. Candida tropi-
calis arthritis in a patient with acute myeloid leukemia suceess.
fully treated with fluconazole: case report and review of litera-
ture. Infection 1997: 25: 109-11

Weig M, Frosch M, Tintelnot K et al. Use of recombinant mitogil-
lin for improved serodiagnosis of Aspergillus lwnigatus-asso-
ciated diseases. ] Clin Micrabiol 2001:39:172)-30

Weiland 1), Ferguson RM, Peterson PK ct al. Aspeegillosis in 25
renal transplant patients. Epidemiology, clinical presentation,
diagnosis and management. Ann Surg 1983; 198: 622-9

Wells W), Fox AH, Theodore PR et al. Aspergillosis of the posteri-
ot mediastinam. Ann Thorac Surg 1994;57:1240-3

Wenzel RP. Nosocomial candidemia: tisk factors and attributable
mortality. Clin Infcet Dis 1995; 20: 1531-34

Westney GE, Kesten S, de Hoyos A et al. Aspergillus infection in
single and double lung transplant recipients. Transplantation
1996; 61: 915-9;

Wex P, Utta E, Drozdz W, Surgical treatment of pulmonary and
pleur-pulmonary Asperpillus disease, Thotac Cardiovase Surg
1993:41:64-70

Wey SB, Mori M, Pfaller MA et al. Hospital acquired candidemia:
the auwributable mortality and excess length of stay. Arcl
Intern Med 1988; 148: 2642-5

Wey 8B, Mori M, Pfaller MA et al. Risk factors for hospital-ac.
quired candidemia: a matched case-control study. Arch Inletn
Med 1989; 149: 2349-53;

Wilcox CM, Straub RE, Clark WS. Prospective evaluation of
oropharyngeal findings in human immunodeficiency virus in-
fected patients with esophageal ulceration. Am ) Gastroenterol
1995; 90: 1938-41

Wise G, Silver DA. Fungal infections of the genitourinary system,
J Urol 19935 149: 1377-88

Wong K, Waters CM, Walesby RK. Surgical management of inva-
sive pulmonary aspergillosis in immuncocompromised pa-
ticnts, Bur | Cardiothorac Surg 1992,6:138-42

Wright W1, Wenzel RP. Nosocomial Candida. Epidemiology.
transmission, and preveotion. lnfect Dis Clis North Am 1997;
11: 41125

Yamagucht H, Ikemoto H, Watanabe K, «t al. Fluconazole mono-
therapy for cryptococcosis in non-AIDS patients. BEur ] Clin
Microbiol Infect Dis 1996; 15: 787-92

Yeghen T, Kibbler CC, Prentice HG et al. Management of invasive
pulmonary aspergillosis in hematologiy patients: a review of §7
consecutive cases at a single institution. Clin Infect Dis
2000;31:859-68

Yelandi V, Laghi F, McCabe MA, et al. Aspergillus and lung trans-
plantation. § Heart Lung Transplant 1995; 14: 883-90

Yoon SA, Vazquez JA, Steffan PE ct al. High-requency in vitro re-
versible switching of Candida lusitaniae clinical isolates from
amphotericin B susceptibility to resistance. Antimicrob Agents
Chemother 1999; 43: 36-45

Young VK, Maghur HA, Luke DA et al. Opeeation for caviating
invasive pulmonary aspergillosis in immuncompromised pa-
tients. Ann Thorac Surg 1992;53:621-4

Yousem SA. The histological spectrum of chronic necrotizing
forms of pulmonary aspergillosis. Hlum Pathol 1997; 28: 650-6

Yuh WI'C, Nguyen HD, Gao T, ¢t al. Brain parenchiymal infection
in bone marrow transplantation patients: CT and MR findings.
Am ] Roenrgenal 1994 162: 425-30

Zinreich §), Kennedy DW, Malat ), et al. Fungal sinusitis: diagnosis
with C'T and MR imaging. Radiology 1988: 169: 439-33

Received: Aprif 10, 2002 [ Aceepted: May 15, 2002

~Nddress for correspondence:

René G. Holzheimer, M.D., Ph.DD.
WallbergstraBie 15a

D-82054 Saucrlach
Gresser.holzheimer@t-online.de

(]



2002 '1¢ ey HOUVASTA TVIIAan 40 TvNUNof Nvadound 9¢¢



