
Clinical Aspects of Fungal Infection in Organ Transplant Recipients

S33

Patricia L. Hibberd and Robert H . Rubin From the Infectious Disease and Transplantation Units o f  Massachusetts
General Hospital and the Department o f  Medicine, H arvard Medical 
School, Boston; and the Center fo r  Experim ental Pharmacology and  

Therapeutics. Harvard-Massachuseils institu te  o f  Technology Division o f  
Health Sciences and Technology, Cambridge, Massachusetts

Fungal infections following solid organ transplantation remain a major cause of morbidity and 
mortality. Candida species and Aspergillus fumigatus continue to account for the majority of 
these infections, although the attack rate is higher among recipients of organs other than kidneys 
because those patients receive more immunosuppressive therapy. Although amphotericin B re
mains the drug of choice for treatment of invasive aspergillosis, its toxicity profile limits its 
widespread use. Recent experience suggests that fluconazole may be a safe and effective alterna
tive for the treatment of fungal infections caused by Candida species or Cryptococcus neofor- 
mans. Prevention of fungal infections remains one of the most important goals in the field of 
transplantation. New approaches— such as the use of “preemptive therapy,” or prophylaxis, for 
patients at greatest risk of developing infection— may assist in attainment of this goal.

The success o f organ transplantation has created an ever- 
increasing patient population that is a t risk for invasive, and 
frequently life-threatening, fungal infection. Fungal infec
tion occurs in zero to 14% o f renal transplant recipients [ 1 -6 ] 
and in as many as 32% o f heart transplant recipients [7-10], 
35% o f heart-lung and lung recipients [10-12], 42% o f liver 
recipients [13-16], and 38% o f pancreas recipients [17-18], 
The differences in attack rates am ong recipients o f various 
transplanted organs are largely due to technical issues related 
to the transplant procedure and the tendency to adm inister 
more im m unosuppressive therapy to recipients o f organs 
other than kidneys (i.e., patients who have no alternative life 
support system, such as dialysis, if  their allografts fail). The 
fungal infections that occur in these patients are due to five 
major pathogens: Candida species, Cryptococcus neoformans, 
the filamentous fungi (predom inantly Aspergillus species and 
organisms o f the M ucoraceae family), Pneumocystis carinii, 
and the agents causing geographically restricted systemic 
mycoses (i.e., histoplasmosis, coccidioidomycosis, and blas
tomycosis).

The incidence o f  fungal infection following organ trans
plantation, like that o f  other forms o f  opportunistic infection 
in this patient population, is largely determ ined by the inter
action between epidemiological (exposure) factors and the 
net state o f  im m unosuppression [19-21]. These two ele
ments interact in a sem iquantitative fashion: if the exposure 
is great enough, even patients who have a normal im m une 
system may becom e ill; conversely, if the net state o f  immu-
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nosuppression is great enough, even minimal exposure to 
potential pathogens will result in life-threatening infections 
[22].

The epidemiological, or exposure, factors o f  im portance 
can be divided into two categories: those occurring within 
the com m unity and those occurring in the hospital setting. In 
the com m unity, the most im portant exposures are to en
demic mycoses. Both recent and rem ote exposures are im
portant, since three forms o f  infection are recognized: (1) 
reactivated infection, in which infection acquired even many 
years prior to the transplantation may reactivate from a dor
m ant focus because o f the waning o f  previous im m unity (as a 
result o f  the initiation o f  immunosuppressive therapy): (2) 
primary infection, in which an imm unosuppressed trans
plant recipient develops progressive infection due to a fungal 
pathogen (first exposure); and (3) reinfection, in which pre
transplantation imm unity (acquired after previous expo- 
sure[s]) has been attenuated by imm unosuppressive therapy 
such that new exposure to the same fungal pathogen results 
in invasive infection. Regardless o f  the type o f  infection, the 
net result is invasive disease, frequently with systemic dissem
ination.

Exposures within the hospital are even more im portant 
than those occurring within the com munity. Invasive asper
gillosis is the most significant nosocomial fungal infection, 
predom inantly because o f  the high case fatality rate am ong 
organ transplant recipients [23]. A lthough Aspergillus spe
cies are ubiquitous in the environm ent and may cause dis
ease in patients who live in or visit farming com munities, 
construction and renovation as well as contam inated air con
ditioning systems in the hospital environm ent have been as
sociated with epidemics o f invasive aspergillosis in im m uno
suppressed patients, particularly organ transplant recipients 
[24]. Two patterns o f nosocomial outbreaks are recognized:
(1) domiciliary, in which exposure occurs in the room or on
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the ward where the patient is housed within the hospital (this 
type o f  outbreak is relatively easily identified because o f  the 
clustering o f  cases in tim e and space), and (2) nondomici- 
liary, in which exposure occurs as the patient travels within 
the hospital for essential procedures (this type o f  outbreak is 
probably more com m on than the domiciliary type but is 
more difficult to recognize because there is no clustering o f 
cases in time and space). Reported nondomiciliary outbreaks 
o f  invasive aspergillosis in imm unosuppressed patients have 
stemmed from exposure in a radiology suite, exposure in an 
operating room, and even travel through a hospital area un
dergoing intensive construction [24], Although high-effi- 
ciency particulate air filtering systems prevent domiciliary 
exposure, efforts for prevention o f  nondomiciliary exposure 
are unsatisfactory in many transplantation centers. Recently, 
emphasis has been placed on the developm ent o f  protective 
masks and transportational devices for protecting transplant 
recipients from nondom iciliary exposure [25],

The net state o f  im m unosuppression is a complex function 
that is determ ined by the interaction o f  a num ber o f factors: 
the doses o f  and duration o f  therapy with different im m uno
suppressive drugs and the sequence in which they are adm in
istered; the presence or absence o f  granulocytopenia, foreign 
bodies such as catheters, and devitalized tissue or undrained 
fluid collections (e.g., blood, urine, bile, or lymph) as a con
sequence o f  the transplantation operation; compromise of 
the primary m ucocutaneous barrier to infection; the pres
ence o f  such metabolic factors as protein-calorie m alnutri
tion, uremia, and  hyperglycemia; and the presence o f  infec
tion with viruses, such as cytomegalovirus (CMV). The 
im portance o f infection with these viruses in regard to the net 
state o f  im m unosuppression is dem onstrated by the follow
ing observation: over the past 10 years in the Massachusetts 
G eneral Hospital T ransplantation Unit, >90% o f the oppor
tunistic infections due to Aspergillus species, P. carinii, and 
C. neoformans occurred in patients with active or recent in
fection due to viruses such as CMV [22], The majority o f 
cases o f  invasive aspergillosis have been due to unsuspected 
excessive exposure.

♦

Fungal Infection and the Timetable of Infection After 
Transplantation

As imm unosuppressive regimens have become standard
ized, the time at which different infections occur after trans
plantation has becom e predictable (figure 1). According to 
this tim etable, the posttransplantation course can be divided 
into three phases: the first m onth, the period from the first 
m onth through the sixth m onth, ancFthe fate penod’fBeyond 
6 m onths post-transplantation).

In the first m onth after transplantation, infectious disease 
syndromes that occur are o f  three types: those present in the 
transplant recipient prior to transplantation; those conveyed 
with the allograft; and the usual wound, pulmonary, urinary.

vascular-access-device, and drainage-catheter infections that 
occur in any patient undergoing com parable am ounts o f sur
gery (although in imm unosuppressed transplantation pa
tients the infections are associated with greater morbidity 
and mortality). The following observations are specific to 
fungal infections.

(1) A lthough any active fungal infection present in an 
allograft recipient at the time o f  transplantation could be 
exacerbated by im m unosuppression and the operative proce
dure, actively infected patients rarely receive transplants. A 
more frequent clinical challenge is the transplant recipient 
who is heavily colonized with a fungus at the time o f trans
plantation. In such a setting, the com bination o f the trans
plant operation and initiation o f  immunosuppressive therapy 
permits colonization to become invasive disease. For exam
ple, there is an increased risk that invasive aspergillosis will 
occur during the first m onth after lung, heart, heart-lung, 
and occasionally liver transplantation for recipients whose 
respiratory tracts were colonized with an Aspergillus species 
before the procedure. Likewise, there is an increased risk of 
deep candidal wound infection in female recipients o f pan
creas transplants whose vaginas are heavily colonized with a 
Candida species at the time o f  transplantation [22], Both 
disruption o f  the primary m ucocutaneous barrier (via place
m ent o f  the pancreas in the pelvis and drainage o f exocrine 
secretions into the bladder) and presence o f  a foreign body 
(the bladder catheter) may assist in the pathogenesis of the 
wound infection by permitting translocation o f  vaginal can
didal organisms to the bladder and the pancreatic allograft. 
Similarly, excessive colonization o f the gastrointestinal tract 
may predispose liver transplant recipients to deep wound 
infection.

(2) Fungal infection can be transm itted with the allo
graft. Rare cases o f  histoplasmosis [26] and cryptococcosis 
[27] in recipients o f renal allografts, secondary to unsus
pected systemic infection in the donor, have been reported. 
More com monly, donor organs are contam inated with Can
dida species secondary to unsuspected candidemia in the do
nors that is associated with preterm inal care (e.g., the useofa 
vascular access device, bladder catheters, and ventilatory 
support via an endotracheal tube). The recipient may de
velop infection (and mycotic aneurysm ) at the vascular su
ture line [28-31]. Careful assessment o f  potential donors for 
both focal and systemic fungal infection is as important as 
evaluation for other pathogens.

(3) More than 95% o f the infections during the first 
month after transplantation are the result o f  technical prob
lems associated with the surgical procedure and postopera
tive managem ent [19, 20], The majority o f fungal in fe c tio n s  

are due to Candida species.
(4) Opportunistic fungal infections such as those c a u sed  

by Aspergillus species (unless colonization occurred before 
transplantation), C. neoformans, and P. carinii are notably 
absent during the first month after transplantation. The oc-
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Figure 1. Occurrence of fun
gal infections in organ transplant 
recipients at the Massachusetts 
General Hospital, 1988-1993. 
Fungal pathogens are listed in 
order of decreasing incidence.
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currence o f  such infections during this time period (when the 
net state o f  im m unosuppression is usually insufficient for 
opportunistic fungal infections to occur) suggests an unusu
ally intense environm ental exposure [24],

In the period from the first m onth through the sixth m onth 
after transplantation, the dom inant infections are those 
caused by “ im m unom odulating” viruses (i.e., those that add 
to the net state o f  im m unosuppression), particularly CMV. 
The com bination o f  viral infection and imm unosuppressive 
therapy results in a net state o f  immunosuppression great 
enough for opportunistic infection, particularly with P. car
inii, to occur in the absence o f  specific an ti-Pneumocystis 
prophylaxis. Protection o f  patients from exposure to environ
mental risk factors (particularly those in the hospital) during 
this time is o f  param ount im portance because o f  their high 
state o f im m unosuppression.

Patients with a functioning allograft > 6  m onths after 
transplantation can be divided into two groups on the basis 
of their risk for opportunistic fungal infection: those with 
satisfactory allograft function whose conditions are being 
m aintained only with baseline im m unosuppressive therapy 
(these patients are at minimal risk o f  acquiring opportunistic 
fungal infection unless subjected to unusually intense envi
ronmental exposure) and those with a history o f  significant 
acute and chronic allograft rejection, who have received sig
nificantly more imm unosuppressive therapy and frequently 
have chronic infection with the im m unom odulating viruses. 
Patients in this latter group (term ed the “chronic ne’er-do- 
wells” ) are at increased risk for life-threatening opportunistic 
infection.

Fungal Infections of Particular Importance in the Organ 
Transplant Recipient

Candidiasis

Candida species are by far the most com m on cause o f  fun
gal infection in the organ transplantation patient; the clinical 
syndromes they cause range from the trivial (m ucocutaneous 
thrush) to the life-threatening (candidal sepsis with visceral 
seeding) [6, 20], The forms o f  candidal infection that occur 
and their incidence vary according to the type o f organ trans
planted (figure 1). The patterns may be summ arized as fol
lows.

(1) The incidence o f candidal infections in the renal 
transplant recipient is between 3% and 5% [1-6]. Oral and 
esophageal candidiasis (particularly in diabetic patients and 
in those receiving broad-spectrum antibacterial therapy 
w ithout concom itant antifungal prophylaxis), vascular ac
cess device-related sepsis, and candidal urinary tract infec
tion are the most frequent forms o f  infection. Deep wound 
infection is uncom m on but may occur in diabetic patients, 
frequently as a mixed fungal and bacterial process [18], Iso
lation o f  a Candida species from the sputum  is com mon; 
however, candidal pneum onia alm ost never occurs. The im
portant result o f  colonization o f  the respiratory tract by these 
organisms is concom itant colonization o f  the skin, which in
creases the risk o f  vascular access-related candidemia. Can- 
diduria in the renal transplant recipient with diabetes or 
com prom ised bladder function is associated with an increase 
in obstructive uropathy caused by fungus balls, which may 
form at the ureteropelvic junction  [20], In addition, candidal
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pyelonephritis o f the allograft may be associated with subse
quent candidemia.

(2) Fungi account for 20%-30%  o f  life-threatening infec
tions in the liver transplant recipient; >85% o f  these infec
tions are candidal [13-16], Although the types o f infections 
include vascular access device-related sepsis and biliary tract 
infection, intraabdom inal infection adjacent to the hepatic 
allograft is o f greatest significance [14], The pathogenesis o f 
deep wound infections involves the following stages: first, 
candidal colonization o f recipient’s small bowel (which is 
m anipulated during the transplantation procedure) provides 
an opportunity for direct inoculation o f  the abdom inal cav
ity; second, intraabdom inal bleeding and the formation o f a 
hem atom a during the operative procedure provide a fertile 
growth medium for candidal and other pathogens; third, can
didal growth is prom oted by peritransplantation antibacte
rial therapy; and, ultimately, the host defense mechanism is 
impaired by the imm unosuppressive regimen.

(3) The incidence o f  candidal infection in pancreas 
transplant recipients approaches 10% [17, 18]. As indicated 
above, the predom inant infection is o f  the deep wound vari
ety and is associated with heavy vaginal colonization with 
Candida species.

(4) In lung and heart-lung transplantation, candidal co
lonization may affect healing o f  the bronchial anastamosis 
and may increase the risk o f  candidal m ediastinitis [10, 11], 
Ulcerative tracheobronchitis with formation o f  a pseudo
m em brane following lung transplantation has been reported
[32].

(5) Candidal infection in the heart transplant recipient is 
similar to that observed in renal transplant recipients: it is 
primarily m ucocutaneous candidiasis and related to contam i
nated venous access devices and drainage catheters [7-10],

Thus, the majority o f  candidal infections in transplant re
cipients are the result o f technical mishaps during the surgi
cal procedure or are related to the postoperative manage
m ent o f  vascular-access, bladder, or drainage catheters.

Aspergillosis

Invasive aspergillosis is the most im portant cause o f  life- 
threatening fungal infection in the organ transplant recipient 
[23]. In >90% o f cases the lungs are the portal o f  entry, al
though the sinuses and skin damaged by other processes can 
also be the sites o f  invasion [23, 33]. Ulceration, necrosis, 
cartilage invasion, and formation o f a pseudom em brane may 
occur in lung and heart-lung transplant recipients who have 
histologic evidence o f  in v a d e  al^ergillasis [-3-2-]. Once tissue 
infection develops, invasion o f  blood vessels is the rule, ac
counting for the three cardinal features o f  invasive aspergil
losis in the organ transplant recipient: tissue infarction, hem 
orrhage, and dissemination with metastatic seeding. The 
presence o f  disseminated disease is closely related to m ortal
ity. More than 50% o f transplant recipients w ithout dissemi

nated disease may respond to therapy with am photericin (par
ticularly when localized invasive aspergillosis is recognized 
early, im m unosuppression is reduced, and the allograft is 
functioning) [23], Once the infection has metastasized, how
ever, it is alm ost uniformly fatal (even with the addition of 
rifampin to the therapeutic regimen) [23], The risk o f devel
oping invasive aspergillosis is primarily determ ined by epide
miological (exposure) factors, but the attack rate is higher in 
patients who have previously had CMV infection and those 
requiring antirejection therapy (with additional steroids or 
with antilym phocyte antibody).

Cryptococcosis

For unclear reasons, cryptococcal infection rarely occurs 
during the first 4 -6  m onths after transplantation [19], The 
portal o f entry for C. neoformans is the lung, from which it 
hem atogenously disseminates, particularly to the skin and 
the CNS and less frequently to such sites as the urinary tract 
and skeletal system. Most cryptococcal pulm onary disease is 
asymptomatic or associated with flulike symptoms. These 
infections may be diagnosed only after a routine chest radio
graph shows either an infiltrate or an asym ptom atic nodule. 
M etastatic infection o f  the skin (resulting in papules, celluli
tis, or nonspecific lesions) is the first sign o f disseminated 
cryptococcal infection in up to 30% o f patients [22], Early 
biopsy o f unexplained skin lesions is encouraged, because 
treatm ent o f cryptococcal infection is more frequently suc
cessful when it has not yet metastasized to the CNS [34], The 
presence o f  cryptococcal antigen in the blood (or the isola
tion o f the organism in blood cultures) may also indicate 
disseminated infection.

C. neoformans is the classic cause o f  subacute-chronic men
ingitis in transplant recipients. Focal disease may also be pres
ent, usually in association with meningitis. The most com
mon presenting symptoms are headache and fever; less 
com m on are an altered state o f consciousness and meningeal 
signs (in contrast to the presenting symptoms and signs of 
human immunodeficiency virus [H IV ]-infected patients). 
The CSF-related findings o f  lymphocytic pleocytosis, hypo- 
glycorrhachia, and an elevated protein concentration are 
com m on, although the presence o f  cryptococcal antigen or 
o f the organism in culture confirms the diagnosis. The cryp- 
tococcal antigen test is quantitative and useful not only for 
initial diagnosis but also as a means o f  serial m e a s u r e m e n t  of 
titers for determ ining the patient’s response to therapy [35].

Mucormycosis

M ucoraceae are uncom m on causes o f fungal infection in 
the organ transplantation patient and produce either a rap" 
idly progressive necrotizing pneum onia or rhinocerebral dis
ease. There are too few cases o f  mucormycosis to know 
which species are the most likely to cause invasive disease.
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Although classically associated with diabetic ketoacidosis, 
mucormycosis has been observed in transplant recipients 
who were euglycemic but acidotic (e.g., because o f  uremia or 
a bicarbonate leak via the bladder following pancreatic trans
plantation).

P. carinii Pneumonia

Now classified as a fungus, P. carinii is the most common 
I  cause o f  opportunistic pneum onia in transplant recipients; P. 
a carinii pneum onia occurs in ~10%  o f transplant recipients 
|  during the first 6 m onths, if  no prophylaxis is adm inistered 
j [36-40], It primarily occurs 1-4 m onths after transplanta- 
J tion in association with CMV infection or in the late period 
I  in the “chronic ne’er-do-wells.” The relationship between 
? CMV and Pneumocystis may be related to effects o f  CMV on 
|  alveolar m acrophage function. The presentation o f  pneum o- 
I cystic pneum onia is subacute, and chest radiographs typi- 
I  cally show bilateral basilar interstitial infiltrates. As in the 
‘ HIV-infected patient, extrapulm onary pneumocystosis in 
; the transplantation patient is uncom m on [38-40], Pneumo- 

1 cystic pneum onia is thought to result from reactivation of 
I  dormant infection. Because o f  the possibility o f  person-to- 
i| person spread, isolation o f patients with this infection seems 

prudent.

Endemic, Geographically Restricted Systemic Mycoses

Histoplasmosis is the most frequently reported o f  the three 
|  major endemic mycoses occurring in transplant recipients, 
if Patients living in regions o f  endemicity (the Mississippi and 
1 Ohio River valleys and much o f  the Midwest and south-cen- 
3 tral U nited States) tend to develop primary disease, while 
: patients living in regions where histoplasmosis is not en- 
I demic tend to have reactivated disease. Outbreaks during 

which the attack rate am ong renal transplant recipients in 
] regions o f  endem icity rose from 0.5% to 2.1% have been re- 
I ported [41]. Risk factors for the developm ent o f  invasive dis- 
1 ease, in addition to environm ental exposure, include anti-re- 
1 jection therapy. The relationship between CMV disease and 
; histoplasmosis is unclear. Although progressive dissemi- 
I nated disease develops in most transplant recipients, 66% 
I have the chronic form, presenting with nonspecific com 

plaints such as prolonged fever and skin lesions. CNS in- 
j  volvement is uncom m on and, surprisingly, the chest radio

graph may be normal for ~50%  o f  patients. Cultures o f 
specimens from pulm onary and extrapulm onary sites are 
diagnostic, but results may not be available for 3 weeks. Fun
gal staining (o f  bone marrow aspirates, for example) may 
provide a more rapid diagnosis. Serology is usually unhelp
ful. The potential role o f  the radioimmunoassay for serum 
and urine antigen in transplant recipients is under investiga
tion.

Coccidioidomycosis occurs less frequently than histoplas

mosis and has occurred mostly in renal and cardiac trans
plant recipients [42], Variable incidence rates occur in the 
regions in which it is endemic (southwestern U nited States). 
Like histoplasmosis, reactivated disease tends to occur in re
gions o f  nonendem icity and primary disease in regions o f  
endemicity. Again, dissem inated disease is the rule (the CNS 
and genitourinary, splenic, hepatic, and jo in t sites are com 
monly involved). The associated m ortality rate is >60%. 
Diagnosis depends on either culture or detection o f  spherules 
in tissues. Bronchoscopy greatly improves the diagnostic 
yield from pulmonary specimens. The high mortality rate 
despite therapy (see below) and the risk o f  relapse after appar
ently successful therapy have resulted in an ongoing contro
versy: should transplantation continue in regions o f  endem ic
ity, and should prophylaxis (e.g., with ketoconazole) be 
adm inistered to transplant recipients in whom prior infec
tion with Coccidioides im m itis  is evident?

Blastomycosis is rare, and experience with the disease in 
transplant recipients is therefore limited [43], It most fre
quently occurs as disseminated disease, although patients 
usually present with more subacute pulm onary symptoms 
than are observed with histoplasmosis or coccidioidomyco
sis. Diagnosis is by means o f  culture or histopathology. Sero
logical testing o f transplant recipients is unhelpful.

Antifungal Therapy for Organ Transplant Recipients

Treatm ent o f fungal infections in organ transplant recipi
ents is com plicated by three factors: the continuing need for 
imm unosuppression (except for recipients o f  renal and pan
creas allografts, whose conditions may be m aintained with 
dialysis and insulin therapy if the graft fails); the requirem ent 
for a prolonged course o f  therapy; and the potential for all 
currently available antifungal agents to interact with essen
tial imm unosuppressive agents, particularly cyclosporine. 
There are three ways in which antifungal agents may interact 
with cyclosporine: (1) upregulation o f  hepatic cytochrome 
P-450-linked metabolism o f cyclosporine (and probably o f 
prednisone), resulting in inadequate cyclosporine levels and 
an increased risk o f  allograft rejection; (2) downregulation o f 
cyclosporine metabolism, resulting in increased blood levels, 
an increase in the num ber o f toxic effects due to cyclosporine 
(particularly in the kidneys), overim m unosuppression, and 
an increased risk o f opportunistic infection; and (3) synergis
tic, idiosyncratic nephrotoxicity.

The azole antifungal agents downregulate cyclosporine 
metabolism. This effect is most potent with ketoconazole 
[44-47], less potent with itraconazole [48, 49], and least po
tent with fluconazole [35, 50, 51]. A ppropriate adjustm ents 
in the dosage o f cyclosporine (usually a reduction, based on 
serum levels) and /or o f  the antifungal agent permit use o f 
such agents while preventing toxic effects o f  cyclosporine. 
The more challenging problem is use o f  the com bination of 
cyclosporine and am photericin (until recently, am photericin
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was the only available antifungal agent for treating the major
ity o f  invasive fungal infections in transplant recipients) [23, 
52], This com bination may result in acceleration o f  renal 
dysfunction and in an idiosyncratic nephrotoxic reaction 
causing oliguric renal failure, following the adm inistration of 
as little as 10 mg o f  am photericin [53-55]. The difficulties 
posed by the use o f  am photericin require that prevention o f 
fungal infection in the transplant recipient be a priority and 
that particular a ttention be given to the use o f  azole antifun
gal agents whenever possible.

Antifungal agents, like antibacterial and antiviral agents, 
can be adm inistered in three modes: as prophylaxis, to pre
vent an infection that is com m on and o f  sufficient clinical 
impact to justify adm inistration o f a nontoxic antimicrobial 
agent to all transplant recipients; as preemptive therapy, to 
prevent clinical infection in the subgroup o f  patients at great
est risk for developm ent o f symptomatic disease (as deter
mined by a laboratory finding or a clinical/epidemiological 
characteristic); and as therapy, to am eliorate and cure estab
lished clinical infection.

The most successful form o f antifungal prophylaxis in 
transplant recipients is the use o f  trimethoprim-sulfamethox- 
azole to prevent P. carinii pneum onia [36, 56-58], In addi
tion, trimethoprim -sulfam ethoxazole is quite effective in the 
prevention o f urosepsis, listeriosis, and nocardiosis [36], In 
m any transplantation centers, trim ethoprim -sulfam ethoxa
zole (80 mg trim ethoprim , 400 mg sulfam ethoxazole) is ad
m inistered daily to all transplant recipients for the first 6 
m onths after transplantation. It is our practice to reinstitute 
therapy with this agent for patients previously described as 
“ chronic ne’er-do-wells.” The efficacy o f  nonabsorbable oral 
antifungal agents such as clotrimazole, nystatin, or am pho
tericin in the prevention o f  candidal infection derived from 
the gastrointestinal tract is less clear [59], At our institution, 
nonabsorbable antifungal agents are used to prevent oral 
and /o r esophageal candidiasis in transplant recipients receiv
ing antibacterial therapy and to decrease the colonization o f 
candidal species in the gut o f  liver transplant candidates. The 
potential role o f  fluconazole as a prophylactic agent in liver 
transplantation is currently under investigation. *

There are currently three types o f  preemptive antifungal 
therapy in use at our center. Preemptive therapy with itra
conazole is used to prevent invasive aspergillosis (by decreas
ing colonization) in transplant recipients whose respiratory 
tracts are colonized with an Aspergillus species just prior to 
transplantation or in the early posttransplantation period. 
Preemptive therapy with fluconazole or itraconazole is used 
to reduce the risk o f  disseminated crjyjtococcal or Histo- 
plasma capsulatum  infection, respectively, which may be 
triggered by surgical excision o f focal pulm onary nodules. 
Preemptive therapy with fluconazole is used to prevent as
cending infection and the formation o f  obstructing fungus 
balls in renal transplant recipients with asymptomatic candi- 
duria. Fluconazole is very effective in the treatm ent o f  asymp

tomatic pyuria associated with candiduria that is due to Can. 
dida albicans and Candida tropicalis but not with infection 
due to Torulopsis glabrata [34],

Am photericin B remains the drug o f  choice in therapy f0r 
invasive infection with filamentous fungi such as Aspergillus 
species [23, 60-64], In most transplantation centers, the 
daily dose o f  am photericin for the treatm ent o f  invasive 
aspergillosis is at least 0.5 mg/kg and frequently is as high as 
1.0 mg/kg. All patients receiving cyclosporine during ther
apy should be m onitored daily for symptoms o f  cyclosporine 
toxicity, in conjunction with daily m easurem ent o f renal 
function and frequent determ inations o f  serum cyclosporine 
levels. Frequent dosage modifications are alm ost always nec
essary. A lthough itraconazole is active against Aspergillus 
species, its safety and efficacy in treatm ent o f invasive asper
gillosis in transplant recipients has yet to be evaluated. At 
this time, it appears that itraconazole should probably be 
reserved for the com pletion o f  therapy and be given only 
after adm inistration o f  at least 1 g o f  am photericin, providing 
the patient has dem onstrated adequate clinical response. In 
contrast to that for invasive aspergillosis, the primary mode 
o f therapy for mucormycosis is ablative surgery, with a goal 
o f excision o f the entire infected area. High-dose amphoteri
cin (goal, 1.0 mg/[kg • d]) is adm inistered to control and erad
icate only the remaining microscopically evident infection. 
There is insufficient inform ation regarding whether rifampin 
is a useful adjunct for the treatm ent o f  mucormycoses. Al
though am photericin B has been the drug o f  choice for man
agement o f endemic mycoses (histoplasmosis and coccioido- 
mycosis), there are anecdotal reports o f effective treatment 
and suppression with itraconazole and fluconazole.

For invasive candidal and cryptococcal infection, primary 
therapy with fluconazole appears to be a reasonable alterna
tive to that with am photericin. O f 74 consecutive recipients 
o f solid organ transplants who received fluconazole for the 
treatm ent o f candidal and cryptococcal infection, 71% were 
cured o f  infection, with minimal toxic effects [34], Infection 
in ~50%  o f the remaining 29% o f patients had abated by the 
time that therapy with fluconazole was discontinued (be
cause o f  either the presence o f  a drug rash or the discovery of 
sim ultaneous filamentous fungal infection requiring treat
ment with am photericin). Therapy with fluconazole was 
found to be effective, and there was no evidence that its 
initiation caused worsening o f hepatic function in liver trans
plantation patients (even in patients with significant dys
function). The most com m on cause o f  failure was infection 
with T. glabrata, a yeast relatively resistant to fluconazole
[34]-

How, then, should one choose between am photericin and 

fluconazole for the treatm ent o f  candidal and cryptococcal 
infection in the organ transplant recipient, and is there a role 
for flucytosine in com bination with either agent? Although a 
direct comparison o f  amphotericin and fluconazole in the 
cyclosporine-treated transplant recipient will probably never
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be possible because o f  the excessive toxicity o f  amphotericin 
in this setting, the findings regarding our uncontrolled case 
series [34] and the recent dem onstration o f  the com parable 
efficacy o f  the two drugs in the treatm ent o f  candidem ia in 
nonimm unosuppressed patients are reassuring [65], The ad
dition o f flucytosine to a regimen o f  amphotericin for the 
treatment o f  cryptococcal meningitis and candidal meningi
tis or arthritis in transplant recipients (as is recom m ended for 
other groups o f  im m unosuppressed hosts) has not been 
widely studied. Although the com bination has been used ef
fectively, there is a high risk o f  severe toxic effects, particu
larly in patients with significant azotem ia and minimal bone 
marrow reserve.

At our institution, the approach to treatm ent o f  candidal 
and cryptococcal infection is as follows. Amphotericin B 
(used alone) remains the drug o f  choice for infection with T. 
glabrata and Candida krusei (the most com mon fluconazole- 
resistant species). A m photericin B also is adm inistered as ini
tial therapy for patients who are critically ill with fungal sep
sis and at im m ediate risk o f  death, but once these patients’ 

f  conditions have stabilized, the drug is replaced with flucona- 
1 zole for antifungal therapy. Fluconazole is used as the sole 

agent for primary therapy for the majority o f  patients who 
; present with subacute illness. For all patients treated with 

fluconazole, levels o f  cyclosporine in the blood are carefully 
and frequently m onitored, and the cyclosporine dosage is 

|  adjusted when clinically indicated. The appropriate duration 
. of antifungal therapy remains a challenging question. Our 

approach has been to treat for 2 -4  weeks after resolution o f 
I  clinical signs and symptoms o f  infection and when there is 

microbiological evidence that the infection has been eradi
cated. The availability o f  fluconazole has made this ap
proach safer, because the drug reduces renal dysfunction and 
the risk o f vascular access device-related infections in organ 
transplant recipients who require parenteral therapy.
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