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Abstract: Fungal infections in renal transplant recipients have not been
studied in a national population. Therefore, 33,420 renal transplant recipients
in the United States Renal Data System from 1 July 1994 to 30 June 1997
were analyzed in a retrospective registry study of hospitalized fungal infec-
tions (FI). FI were most commonly associated with secondary diagnoses of
esophagitis (68, 23.9%), pneumonia (57, 19.8%), meningitis (23, 7.6%), and
urinary tract infection (29, 10.3%). Opportunistic organisms accounted for
95.4% of infections, led by candidiasis, aspergillosis, cryptococcosis, and zy-
gomycosis. Most fungal infections (66%) had occurred by six months post-
transplant, but only 22% by two months. In logistic regression analysis, end-
stage renal disease due to diabetes, duration of pre-transplant dialysis,
maintenance tacrolimus and allograft rejection were associated with FI. In
Cox regression analysis, recipients with FI had a relative risk of mortality
of 2.88 (95% CI52.22–3.74) compared to all other recipients. Among FI, zygo-
mycosis and aspergillosis were independently associated with both in-
creased patient mortality and length of hospital stay. Most fungal infections
in renal transplant recipients were opportunistic, occurred later than pre-
viously reported, and were associated with greatly decreased patient sur-
vival. Recipients with diabetes, prolonged pre-transplant dialysis, rejection,
and tacrolimus immunosuppression should be considered high risk for FI.

Infection is a common cause of morbidity and mortality among

patients receiving chronic maintenance immunosuppression (1–3)

and is the second leading cause of death in renal transplant recipi-

ents after cardiovascular disease (4, 5). Despite this, patients who

have received renal transplants live longer than patients on the

transplant waiting list (6). Furthermore, both renal transplant pa-

tient and graft survival are increasing (7). However, although fungal

infections have been reported frequently in renal transplant recipi-

ents (usually as case reports or case series) (8, 9), the national inci-

dence of these complications in the renal transplant population has

not been determined. Reports from single centers may be subject to

referral bias and may therefore inflate the true rate of fungal infec-

tions in renal transplant recipients, substantially altering the diag-
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nostic approach to infections. Further, the association of fungal in-

fections with outcomes such as patient survival or length of hospi-

talization in renal transplant recipients also remains unknown. In

order to better characterize the course of hospitalizations resulting

from fungal infections in this population, we analyzed data from

the Transplant and Hospitalizations standard analysis files of the

1999 United States Renal Data System (USRDS) database.

Methods

We retrospectively analyzed a national registry (the 1999 USRDS)

to study the rate, risk factors, and associated mortality of hospital-

ized cases of fungal infection as a primary discharge diagnosis in

patients who received kidney transplants from 1 July 1994 to 30

June 1997. The transplant date used for a given patient was the first

transplant occurring in the study period. The variables included in

the USRDS standard analysis files (SAFs), as well as data collection

methods and validation studies, are listed at the USRDS website,

under ‘Researcher’s Guide to the USRDS Database’, Section E, ‘Con-

tents of all the SAFs’ (4), and published in the USRDS. The demo-

Leading sites of infection in hospitalized fungal infections

Diagnosis (ICD-9 code) % (N)

Candidal esophagitis (112.84) 22.1% (62)

Pneumonia 19.8% (57)

Aspergillus pneumonia (484.6) 9.4% (27)

Candidiasis of lung (112.4) 5.9% (17)

Pneumonia in other mycoses (484.7)1 4.5% (13)

Urogenital candidiasis (112.2x) 10.3% (29)

Meningitis (321.x)2 7.6% (23)

Disseminated candidiasis 4.6% (13)

Numbers do not total to 100% because secondary diagnoses are
used, with the exception of sites of candida infection. Not all infections
had a secondary diagnosis coding for the site of infection. Primary
diagnosis was hospitalized fungal infection, as indicated in methods
section.
1 Excluding Candida, coccidioidomycosis, histoplasmosis.
2 Of all cases of meningitis (ICD9 codes 112.83 for candida menin-

gitis, 114.2 for coccidioidal meningitis, 115.01, 115.11, 115.91
and for histoplasma meningitis, 321.0 for other unspecified fungal
meningitis, and 321.1 for cryptococcal meningitis), 22 of 23 were
cryptococcus (the other case was coccidioidomycosis). ICD9 coding
indicates that fungal diagnosis should be primary and meningitis
secondary for cases of fungal meningitis.

3 Six of the ten cases were associated with candidiasis.
There were no cases coded for primarily for endocarditis, including
421.x, acute endocarditis excludes monilial or fungal endocarditis).
Three secondary diagnoses were coded for peritonitis and six were
coded for septicemia.

Table 1
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graphics of the renal transplant population have been previously

described (1999 USRDS report). The file SAF.TXUNOS was used

as the primary data set. SAF.HOSP was used for hospitalization

information, and SAF.PATIENTS was used for cause of renal dis-

ease (PDIS) and cause and date of patient death.

Hospitalization data for transplant recipients starts immediately

after transplant but may be unreliable after the patient has survived

Ø3 years post-transplant, after which reporting to Medicare is no

longer required. The present study therefore limited follow-up per

individual to 3 years. All hospitalizations with a primary discharge

diagnosis for fungal infection were extracted from SAF.HOSP,

merged with the transplant file, and only hospitalizations for recipi-

ents in the study sample were included. Hospitalizations for fungal

infection occurring at any time after renal transplant, including

after graft failure, were counted in analysis, in an intention-to-treat

fashion. Patients with hospitalizations for fungal infections prior to

transplantation (as determined by a hospitalization date prior to

transplant date) were excluded from the study.

The outcome variables were based on International Classifi-

cation of Diseases 9th Modification Diagnosis Codes (ICD9) at hospi-

tal discharge for fungal infection: 112.x for candidiasis (excluding

candida of skin [112.3x] and vulvovaginitis [112.2x]), 114.x (cocci-

dioidomycosis), 115.x (histoplasmosis), 116.x (blastomycosis/para-

coccidioidomycosis/lobomycosis), 117.x including but not limited to

117.1 (sporotrichosis), 117.3x (aspergillosis), 117.5 (cryptococcosis),

117.7 (zygomycosis, also known as mucormycosis), and other un-

specified. Primary fungal infections at other sites (for example, men-

ingitis) should be coded primarily as the fungal diagnosis, accord-

ing to instructions for ICD9 coding. Information on use or results

of antibiotics, antifungal medications, alcohol, tobacco, or micro-

biologic or radiological procedures was not available. No infor-

mation was available on APACHE scores, urinary catheterization,

mechanical ventilation status, or intravenous therapy. Information

on cytomegalovirus hyperimmune globulin was too incomplete for

analysis.

For analysis of patient survival and other factors associated with

hospitalizations for fungal infections, only the first hospitalization

for fungal infection after renal transplant for a given individual

transplanted from 1 July 1994 to 30 June 1997 was counted in analy-

sis, with maximum follow-up of 3 years. Univariate analysis of fac-

tors associated with primary hospitalizations for fungal infection

was performed with chi-square testing for categorical variables and

Student’s t-test for continuous variables, respectively. The indepen-

dent associations between each patient factor (independent vari-

ables) and hospitalizations for fungal infection (dependent variable)

were examined using multivariate analysis with stepwise logistic

regression (10), controlling for potential confounders, including re-
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Etiologies of hospitalizations with a primary discharge diagnosis of fungal infec-
tion, by ICD9 code

All renal transplant Diabetic
recipients with primary recipients
fungal infection (both sexes)
N5288 N5125

Candidiasis (112.x, by site)1 47.2% (136) 56.0% (70)*

Esophagitis (112.84) 21.5% (62) 29.0% (36)*

Urogenital (112.2) 10.1% (29) 15.3% (19)*

Candidiasis of lung (112.4) 5.9% (17) 4.0% (5)

Disseminated candidiasis (112.5) 4.6% (13) 3.2% (4)

Thrush (112.0) 2.1% (6) 1

Unspecified (112.89) 1.8% (5) 3.2% (4)

Aspergillosis (117.3x) 19.1% (55) 16.0% (20)

Cryptococcosis (117.5x) 13.9% (40) 12.0% (15)

Other unspecified 7.3% (21) 12.0% (15)

Zygomycosis (117.7x) 6.3% (18) 6.4% (8)

Coccidioidomycosis (114.x) 2.8% (8) 3.2% (4)*

Histoplasmosis (115.x) 1.7% (5) 0

Blastomycosis, paracoccidoidomycosis, 0.7% (2) 1

Loboa loboi (116.x)

Sporotrichosis 0.7% (2) 0

Mycotic mycetoma 0.3% (1) 1

P,0.005 vs. nondiabetic recipients by chi-square (using Bonferonni correction for multiple
comparisons).

1 Excluding candida of skin (112.3x) and vulvovaginal (112.2x).
No cases were reported for Rhinosporidium, Chromosporidium, or allescheriosis (petriel-
lidosis) infections.

Table 2

cipient and donor age, recipient race, gender, weight, pretransplant

dialysis (yes/no), duration of dialysis prior to transplantation, repeat

transplant, cytomegalovirus serology (donor and recipient), hepa-

titis C virus serology (recipient only), dialysis in the first week after

transplant (delayed graft function, yes/no), rejection (either treat-

ment or diagnosis), primary cause of renal disease (derived from

the Primary Disease [PDIS] field of ‘SAF.PATIENTS’ in the Core

CD) including diabetes (although the USRDS database does not re-

liably distinguish between type I and type II diabetes), hyperten-

sion, glomerulonephritis, and urologic disease, induction antibody

therapy, and maintenance immunosuppressive therapy (at time of

discharge from initial hospitalization). Recipients hospitalized for

cytomegalovirus disease were coded as 1, all others as 0. No recipi-

ents were censored in logistic regression analysis. The exact codes

used are available upon request. All logistic regression analyses

mentioned in the study used the same variables as above.

Patient survival curves were calculated using Kaplan–Meier

analysis with recipients censored (removed from analysis) at time

205Transplant Infectious Disease 2001: 3: 203–211

of graft failure, or loss to follow-up. Cox regression analysis was

used to determine the independent association of hospitalizations

for cytomegalovirus disease as a segmented time-dependent covari-

ate with patient survival, using the same covariates as for logistic

regression and the same censoring as Kaplan–Meier analysis above.

All analyses were performed using SPSS 9.0TM (SPSS Inc., Chi-

cago, IL). Files were merged and converted to SPSS files using

DBMS/Copy (Conceptual Software, Houston, TX). Statistical sig-

nificance was defined as P,0.05. Variables with P,0.10 in univar-

iate analysis for a relationship with development of a first hospital-

ization for fungal infection were entered into multivariate analysis

as covariates. Multiple linear regression was used to fit factors as-

sociated with length of stay in recipients hospitalized for fungal

infection.

Results

Of 33,479 recipients of renal transplants from 1 July 1994 to 30 June

1997, 59 had been hospitalized for fungal infection before transplan-

tation and were excluded from analysis. Of the remaining 33,420

recipients, 288 recipients were hospitalized with a primary dis-

Etiologies of hospitalizations with a secondary di-
agnosis of fungal infections (N5370)

Candidiasis (by site)1 83.5% (309)

Esophagitis (112.84) 31.9% (118)

Thrush (112.0) 30.8% (114)

Unspecified (112.89) 6.1% (24)

Candidiasis of lung (112.4) 4.3% (16)

Urogenital (112.2) 4.1% (15)

Disseminated (112.5) 3.0% (11)

Vulvovaginitis (112.1) 1.4% (5)

Enteritis (112.85) 0.8% (3)

Endocarditis (112.81) 0.3% (1)

Aspergillus (117.3) 6.8% (25)

Cryptococcosis (117.5) 4.3% (16)

Unspecified mycoses (117.9) 1.6% (6)

Coccidioidomycosis (114.x) 1.9% (7)

Zygomycosis (117.7) 0.8% (3)

Histoplasmosis (115.x) 0.5% (2)

1 Excluding candida of skin (112.3x) and vulvovaginal
(112.2x).

No cases were reported for Rhinosporidium, Chromo-

sporidium, or allescheriosis (petriellidosis) infections.

Table 3
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Factors assessed in renal transplant recipients, 1 July 1994 to 30 June 1997

Renal transplant recipients hospitalized All other renal
Factor with primary diagnosis of fungal infection transplant recipients

N 288 33,132

Female recipient 36.5% (103) 39.8% (13,196)

Caucasian 69.1% (195) 72.6% (24,058)

African American 26.6% (75) 22.0% (7301)

Cadaveric donor 83.7% (236)* 70.8% (23,466)

Kidney–pancreas recipient1 70.4% (38) 64.3% (2455)

Recipient mean age (years)2 45.89∫14.003 42.85∫14.62

Donor mean age (years)2 37.13∫17.033 34.99∫15.64

Recipient age categories

15–44 42.6% (120) 47.2% (15,644)

45–64 45.0% (127) 39.6% (13,133)

.65 7.4% (21)* 5.6% (1853)

Cause of ESRD4

Diabetes 45.0% (125)* 26.5% (8307)

Hypertension 13.3% (37) 13.5% (4221)

Glomerulonephritis 18.7% (52)* 26.4% (8260)

Polycystic kidney disease 1.8% (5)* 4.6% (1427)

Obstructive uropathy/chronic pyelonephritis/congenital 6.4% (18)* 13.4% (4433)

urologic abnormality

CMV status

Recipient CMV positive 62.4% (156) 59.4% (17,623)

Donor CMV positive 63.6% (175)* 57.4% (18,184)

Donor CMV positive/recipient CMV negative 19.5% (55) 17.8% (5888)

Recipient HCV positive 7.5% (18) 5.7% (1608)

Repeat transplant (no) 5.8% (16) 6.1% (1971)

Pre-transplant dialysis (no) 95.4% (251)* 86.7% (27,091)

Recipient weight (kg)5 74.83∫20.73 72.29∫19.53

Body mass index (kg/m2)6 25.57∫5.73 25.42∫8.29

Years of dialysis before transplant7 2.13∫1.483 1.56∫1.46

Years of dialysis before transplant Ø4 19.5% (55)* 15.0% (4921)

Dialysis in the first week post-transplant (yes/no) 24.8% (65)* 17.7% (5503)

Rejection 37.6% (106)* 28.0% (9280)

Antibody induction therapy (all types combined) 46.8% (132)* 35.4% (11,729)

Induction ATG 18.8% (19) 19.4% (2594)

Induction OKT3 32.5% (85)* 24.6% (7689)

Maintenance medications (at discharge)

Cyclosporine8 69.4% (195) 72.2% (23,937)

Mycophenolate mofetil9 62.6% (67) 65.2% (9517)

Tacrolimus10 16.5% (42)* 10.8% (3238)

Prednisolone11 91.5% (236) 90.1% (27,861)

Azathioprine11 51.6% (132) 49.5% (14,946)

Table 4
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charge diagnosis of fungal infection after renal transplantation

(with a total of 328 total hospitalizations), and 307 recipients were

hospitalized with a secondary diagnosis of fungal infection. Hospi-

talization dates ranged from 19 September 1994 to 26 December

1997. Mean follow-up was 1.65∫1.14 years (range up to 3 years

post-transplant), and 7.5% of patients were lost to follow-up. The

incidence of fungal infections was 5.22 episodes per 1000 person

years at risk for a primary diagnosis of fungal infections, and 10.79

episodes per 1000 person years at risk (1.1 per 100 person years at

risk) if both primary and secondary diagnoses for fungal infections

were counted. Of all recipients hospitalized with a primary dis-

charge diagnosis of fungal infections, 21.5% were hospitalized

within 2 months post-transplant, 66% within the first 6 months,

76% by 1 year, and 95% by 2 years.

Sites of a primary diagnosis of fungal infection are shown in

Table 1. The leading site was esophagitis, followed by pneumonia,

urogenital (entirely candidiasis), meningitis, and disseminated infec-

tion. No cases of fungal endocarditis as a primary diagnosis were

reported, and only one case was reported as a secondary diagnosis.

Of patients with a primary diagnosis of fungal infection, patients

with candida esophagitis, 60.9% (39) underwent esophagogastrodu-

odenoscopy, compared to 2.3% (5) of patients with fungal infections

other than candida esophagitis (P,0.01 by chi-square). Of patients

with a diagnosis of candidiasis of the lung, only 15% (5/33) under-

went either bronchoscopy or open lung biopsy.

The etiologic agents coded as responsible for hospitalizations for

a primary diagnosis of fungal infection are shown in Table 2. Diabetic

recipients had a significantly higher rate of candidiasis (P,0.01 by

chi-square). A predisposition to zygomycosis was not seen for dia-

betic recipients in this population. Histoplasmosis was rare.

The etiologic agents coded as responsible for hospitalizations for

a secondary diagnosis of fungal infection are shown in Table 3. In

Table 4 continued

Data given as the number (% of total) or mean∫one standard deviation.
* P,0.01 vs. all other recipients by chi-square test.
1 3882 recipients with valid data.
2 33,477 recipients with valid data.
3 0,0.01 vs. all other recipients by Student’s t-test.
4 31,577 recipients with valid data.
5 32,533 recipients with valid data.
6 24,825 recipients with valid data.
7 23,215 recipients with valid data.
8 31,168 recipients with valid data.
9 14,703 recipients with valid data.

10 30,175 recipients with valid data.
11 30,439 recipients with valid data.
CMV, cytomegalovirus; HCV, hepatitis C virus; ESRD, end-stage renal disease; ATG, antithymocyte globulin.

Table 4
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Multivariate analysis (by logistic regression) of factors associated with hospital-
izations for primary diagnosis of fungal infection after renal transplantation, 1
July 1994 to 30 June 1997

Adjusted odds ratio for primary
discharge diagnosis

Factor of fungal infection (95% CI)

Diabetes (as cause of ESRD) 2.40 (1.51–3.81)

Rejection (yes/no) 1.56 (1.11–2.18)

Maintenance tacrolimus1 1.53 (1.04–2.25)

Years of pre-transplant 1.25 (1.08–1.44)

Dialysis Ø4 years of pre-transplant 1.14 (1.01–1.28)

dialysis (per year)2

Year of transplant (per more recent year)2 0.78 (0.63–0.97)

N in final model 25,272

Initial ª2LL 2516

Final ª2LL 2340

NA, not included in model; 95% CI, 95% confidence interval; Only variables significant in the
final model are shown; ESRD, end-stage renal disease; 1 19,591 cases in the model including
this variable compared directly with cyclosporine, odds ratio51.74, (95% CI51.01–2.99).
2 Continuous variable. ª2LL, minus 2 log likelihood.

Table 5

this case candidiasis was more common, accounting for over 80%

of infections. Among cases of candidiasis, thrush was much more

common and urogenital infections much less common than in pri-

mary hospitalizations for fungal infections. Other than the greater

dominance of candidiasis, the distribution of etiologic agents was

similar to that for primary infections.

Comparison of factors between recipients hospitalized for fungal

infection versus all other recipients is shown in Table 4. In univar-

iate analysis, factors significantly associated with hospitalizations

for fungal infection were recipient and donor age, cadaveric do-

nation, older recipient age, all listed causes of end-stage renal dis-
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Fig. 1. Kaplan–Meier plot of unadjusted patient mortality of renal trans-
plant recipients hospitalized for fungal infections (FI) vs. all other recipients,
1994–1997, P,0.01 by log rank test.

ease except hypertension, donor cytomegalovirus (CMV) seroposi-

tivity, pre-transplant dialysis, years of dialysis prior to transplant,

rejection, maintenance tacrolimus, and antibody induction therapy.

In multivariate analysis with logistic regression (Table 5), factors

independently associated with hospitalization for fungal infection

were year of transplant, cadaveric donor, donor age, years of pre-

transplant dialysis, end-stage renal disease due to diabetes, mainten-

ance tacrolimus, and rejection. There were no significant interac-

tions between terms.

The 2-year all-cause mortality of patients with fungal infection

during the study period was 37.4% vs. 9.6% in all other recipients

(P,0.01 by chi square), and 4.3% (12) of patients hospitalized for

fungal infection died on or before 14 days after admission. In Cox

regression with non-proportional hazards analysis, hospitalization

for fungal infection was independently associated with decreased

all-cause patient survival, adjusted for age, race, gender, year of

transplant, duration of dialysis prior to transplant, and cause of

ESRD (P,0.01, hazard ratio for mortality52.88, 95% CI52.22–

3.74). As causes of fungal infection, zygomycosis (hazard ratio for

mortality 4.11, 95% CI51.49–11.37, compared to Candida as the

index) and Aspergillus (hazard ratio53.94, 95% CI51.81–8.59) were

independently associated with patient mortality in Cox regression

analysis when limited to recipients hospitalized for fungal infection

(Fig. 2).

Kaplan–Meier plots of the unadjusted hazard function for hospi-

talization for fungal infections (both primary and secondary diag-

noses) for all recipients after renal transplantation revealed a steep

and steady increase in hazard until 6 months post-transplant, with

208 Transplant Infectious Disease 2001: 3: 203–211

a steady but lesser increase in cumulative hazard thereafter up to 3

years post-transplant. This drop off in hazard was not as precipi-

tous as that seen for CMV infections, but more pronounced than

that seen in bacterial infections after transplant. Separate plots were

performed for different covariates. Among these, only two, allograft

rejection and diabetes, were associated with an increased risk of

fungal infections after 6 months post-transplant (P,0.01 by log

rank test for both). In no case did any factor affect the risk of fungal

infections before 6 months post-transplant. These findings applied

to both primary and secondary diagnoses of fungal infections.

The mean length of stay for recipients hospitalized for fungal

infection was 11.58∫10.42 days (range 1–64 days) without signifi-

cant skewness (1.89). In multiple linear regression analysis, with

covariates as in logistics regression plus all etiologies of fungal in-

fections, Zygomyces infection (P50.001, b50.248, mean length of

stay 19.61∫10.39 days vs. 11.03∫10.18 days for all other causes of

fungal infections) and Aspergillus (P50.001, b50.311, mean length

of stay 16.74∫12.84 days vs. 10.33∫9.36 days for all other causes

of fungal infections) were independently associated with increased

length of stay.

Fig. 2. Cox regression plot of adjusted patient mortality of renal transplant
recipients hospitalized for fungal infections, by type of etiologic organism.
Aspergillosis and zygomycosis P,0.01 by Cox regression analysis versus
all other recipients. Covariates were those listed in the methods section. (1)
Candidiasis, (2) cryptococcosis, (3) aspergillosis, (4) zygomycosis.
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Discussion

Although renal transplant recipients have been thought to be at

low risk for fungal infections compared with other transplant recipi-

ents (8), in the modern era they had had 80–90 times the annual

rate of hospitalized fungal infections compared to the general popu-

lation, unadjusted for age, gender, and race. Previous reports indi-

cated that 80% of fungal infections occurred within the first 2

months after transplantation, the peak risk of fungal infections oc-

curred before 6 months post-transplant, and 80% of fungal infec-

tions were due either to candidiasis or aspergillosis (11–13). In the

present study, candidiasis and aspergillosis combined accounted for

70% of fungal infections in the present study, demonstrating an

increasing role of zygomycosis and unspecified fungi. Although

some studies of fungal infections in transplant recipients were con-

ducted in the cyclosporine era, most were performed when cumula-

tive dosing of immunosuppression was higher than practiced cur-

rently. In contrast to previous studies, in the present study only

22% of fungal infections occurred in the first 2 months post-trans-

plant, and the hazard for hospitalized infections continued to rise

until the end of the study period, although the rate of rise slowed

appreciably after the first 6 months, by which time 66% of fungal

infections had occurred. The present analysis indicated that patients

who did not experience allograft rejection had their highest risk of

fungal infections within the first 6 months after transplantation,

while patients who experienced rejection episodes continued to have

a high risk of fungal infections after this period.

No large studies have assessed the incidence of fungal infections

in renal transplant recipients since the early 1990s, to our knowl-

edge. The discrepancy between the findings of this study and pre-

vious studies may relate to differences in followup, differences in

the percentage of diabetic recipients (which steadily increased

throughout the 1990s) (4), the ability of the present analysis to ac-

count for virtually the entire population of renal transplant recipi-

ents in the study period (4), differences in initial immunosuppres-

sion, and the substantial impact of allograft rejection, which oc-

curred in 28% of recipients in the study period and almost 40% of

patients hospitalized for fungal infections. Unfortunately, the

USRDS database does not track the dates of allograft rejection, and

thus the impact of the timing of rejection could not be analyzed.

The present study could not confirm microbiologic or pathologic

findings, and could not adhere to diagnostic criteria of the EORTC/

NIAID-MSG (14–16), although esophagogastroduodenoscopy con-

firmed most cases of esophagitis. In addition to immunosuppression

and human immunodeficiency virus, candida esophagitis has also

been associated with diabetes (17, 18) in which it is sometimes fatal
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(19). In the present analysis, almost 60% of recipients hospitalized

for candida esophagitis were diabetic. The practice of azole prophy-

laxis varies considerably by center; in many centers diabetic recipi-

ents of solitary renal transplants are given nystatin prophylaxis

only.

Most cases of ‘‘candidiasis of the lung’’ were not confirmed by

biopsy. Candida pneumonia is a controversial diagnosis in any case,

and Candida can frequently contaminate findings of bronchoalveloar

lavage and bronchoscopy. We may only speculate that these cases

represent oral contamination. Only one case of hospitalized fungal

endocarditis was identified in the USRDS renal transplant popula-

tion. A Medline search from 1994–1997 did not identify any reports

of fungal endocarditis in renal transplant recipients, although two

were reported in 1999, neither of which was in the United States

(20, 21). This is in contrast to earlier single-center reports which

indicated a high percentage of fungal endocarditis in transplant re-

cipients (22). Fungal peritonitis was rare in this population, in con-

trast to its occurrence in the peritoneal dialysis population (23),

likely reflecting exclusion of these patients from transplantation. No

ICD-9 code exists for fungemia except for disseminated candidiasis.

Rubin et al. divided fungal infections in renal transplant recipi-

ents into two categories: disseminated primary or reactivation infec-

tion of ‘‘geographically restricted’’ mycoses (usually histoplasmosis,

coccidioidomycosis, blastomycosis, and paracoccidioidomycosis)

versus opportunistic infections (Aspergillus, Candida, Cryptococcus,

and Mucoraceae) (12). In the present study, geographically restricted

mycoses were quite rare. In contrast to widely held opinion in the

transplant community (24), in multivariate analysis kidney–pan-

creas recipients were not at increased risk of fungal infection, pre-

sumably because of the greater importance of diabetes.

The mechanisms underlying the roles of diabetes, delayed graft

function, rejection, and induction antibody therapy in infection are

beyond the scope of this article. However, an association between

diabetes mellitus and fungal infection has been shown in the general

population (25). The current analysis shows this risk is additive in

a population on chronic immunosuppression. The increased risks of

delayed graft function and prolonged pre-transplant dialysis may

be related to prolongation of the uremic state, increased invasive

interventions, or a combination of these factors. Similarly, the risks

of acute allograft rejection for infection have been well documented,

especially in elderly recipients (26), and this variable was a neces-

sary covariate in our analysis. The lack of significance of induction

antibody therapy may be due to reduced rates of rejection or the

use of antiviral therapy associated with these regimens (27). In con-

trast to studies in liver transplantation (28), the present study did

not find an independent association between CMV serology and

fungal infections. This may be related to the increasing use of gan-
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cyclovir and other CMV-directed therapies in the years studied. Pa-

tients with chronic renal failure and patients on maintenance dialy-

sis therapy have been shown to have a wide range of defects in

immunity (29) as well as increased risks of infection following in-

strumentation (30, 31).

No previous reports have indicated a higher risk of fungal infec-

tions with the use of tacrolimus versus cyclosporine. However, there

may be an important difference in the interaction between tacro-

limus and cyclosporine and the most commonly used prophylactic

antifungal agent, fluconazole. While increases in cyclosporine levels

occur only with high doses of fluconazole (32–34), smaller doses of

fluconazole result in elevated levels of tacrolimus (35). This has not

been thought to be clinically important, but results of the present

study suggest more investigation is needed. Another possible expla-

nation is that tacrolimus was being introduced into clinical practice

in the study period and may have been used either at higher than

current doses or in higher-risk patients.

The limitations of this study are common to any retrospective

analysis. Findings are associative, not causative. Criteria for the

diagnosis of invasive fungal infections established by the EORTC/

NIAID-MSG could not be verified, and many criteria were not in

effect or in wide clinical use at the beginning of the study period.

We acknowledge this as a significant and unavoidable shortcoming

of the present analysis, since the USRDS researcher’s agreement

does not allow independent chart review. However, ICD-9 coding

for determining rates of medical conditions has been used in other

published studies (36–42), as well as the National Center for Health
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