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Background. Systemic mycoses have a high impact
on tropical renal-transplant recipients.

Methods. Data from 1,476 primary renal-transplant
recipients was prospectively recorded from 1986 to
2000 at a single center. Cumulative incidence of sys-
temic mycoses, its time of occurrence, risk factors,
outcome, and postmortem findings in 30 patients with
systemic mycoses were analyzed.

Results. A total of 110 episodes of systemic mycoses
occurred in 98 patients. The fungal genera Aspergillus,
Cryptococcus, and Candida constituted 61% of patho-
gens, 45% localizing to the lungs. Cytomegalovirus
(CMV) disease caused a 5-fold and chronic liver dis-
ease a 2-fold increase in systemic mycoses. Tuberculo-
sis (TB) with or without nocardiosis was a significant
coinfection. Cyclosporine (CsA) was associated with
nearly a 4-fold risk of systemic mycoses less than 6
months from the time of transplantation as compared
with prednisolone�azathioprine (PRED�AZA) ther-
apy. Overall, the probability of survival with systemic
mycoses was 73.4%, 60.8%, 39.5%, and 25.6% and was
92.5%, 87.5%, 80.0%, and 75.5% without systemic myco-
ses at 1, 2, 5, and 10 years, respectively (P<0.0001). An
extended Cox model with time-independent and de-
pendent covariates showed greater than 15 times the
risk of death among those who develop systemic my-
coses. Similarly, Posttransplantation (postTX)
TB�Nocardiosis, preTX TB, CMV disease, diabetes
mellitus, PTDM, chronic liver disease (>40 months),
and Pred�AZA immunosuppression (>2 years) had
3.5, 1.5, 2.9, 1.9, 1.4, 1.6, 2.3 times the risk for death,
respectively, as compared with those who did not have
those risk factors.

Conclusions. There is a recent predominance of As-
pergillus among the transplant recipients. The risk
factors for systemic mycoses are CMV disease, chronic
liver disease, and hyperglycemia, and TB is an impor-
tant coinfection. Systemic mycoses increased in the
early postTX period with CsA. The risk factors for
death are systemic mycoses, CMV disease, chronic
liver disease (>40 months), diabetes mellitus, and
Pred�AZA immunosuppression (>2 years). Overall,
the probability of survival with systemic mycoses was
poor; however, survival has recently improved.

Infections account for significant morbidity and mortality
among renal-transplant patients (1), particularly in the trop-
ics (2). Recent large reviews from western countries have
detailed those fungal infections found predominantly in non-
renal solid-organ and bone-marrow transplant recipients (3).
Detailed analysis of risk factors for fungal infections has
been performed in recipients of liver transplants (4) but not
with renal transplant recipients.

Opportunistic fungal infections are an important compli-
cation in renal-transplant recipients in India (5) where an
estimated 4,000 renal transplants are performed annually
with varying immunosuppressive protocols. Other solid-or-
gan transplantations occur in small numbers. Systemic my-
coses, described in 18 renal transplant recipients from India
more than a decade ago, reported a mortality of 66% (6). This
article examines the epidemiology of systemic fungal infec-
tions in renal-transplant recipients, highlighting the chang-
ing trends in the risk factors and incidence and mortality
over a period of 15 years at a single large center in southern
India and comparing it with the salient epidemiologic fea-
tures of systemic mycoses found in western countries. This
report forms the largest study of systemic mycoses in renal-
transplant recipients.

PATIENTS AND METHODS

A prospective cohort of 1,476 renal-transplant recipients receiving
primary renal allografts at the Christian Medical College Hospital in
southern India from 1986 to 2000 were studied. Of the transplants,
1,460 (98.9%) were from living donors, and 16 (1.1%) were cadaveric
transplants. The data was prospectively collected over 15 years,
recorded manually on ledgers until 1989, and since then computer-
ized on a FoxPro data management package. The data was updated
frequently.

This center draws patients from all over India, Bangladesh, Nepal,
Bhutan, and Sri Lanka. From 1971 to 1981, high-dose prednisolone
(PRED) at 40 mg per day, tapered to 10 mg per day at 6 months and
thereafter continued, plus azathioprine (AZA) at 1.5 to 2 mg/kg per
day was used. Previously, until 1986, low-dose PRED (20 mg/day
tapered to 10 mg/day in 6 months and thereafter continued) and AZA
(1.5–2 mg/kg per day) was in vogue (7). Since 1989, cyclosporine
(CsA)-based immunosuppression along with Pred and AZA has been
used in 1,089 patients, with initial therapy at 8 mg/kg per day (CsA
trough 200–300 ng/mL) and tapering to 3 mg/kg per day as mainte-
nance therapy (CsA trough 150–250 ng/mL).

Anti-CD3 therapy has been used in 71 patients since 1993, mostly
to treat resistant rejections. Cotrimoxazole prophylaxis for the first 6
months after transplantation has been instituted since 1994. Pa-
tients have been followed up frequently for the first 6 months and
then at 9 and 12 months. Visits were then encouraged yearly and
whenever required because of any episode of illness. Antifungal
prophylaxis was not used.

Patients presenting with fever, lung lesions with or without hyp-
oxia, and features of involvement of the gastrointestinal tract, cen-
tral nervous system, allograft, and soft tissues were investigated for
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fungal infections. Samples of bronchoalveolar lavage fluid, pus, and
cerebrospinal fluid from affected sites were examined with direct
microscopy using a 10% KOH preparation, Gram stain, and wet
preparations as deemed necessary for fungal elements. These were
then plated into two sets of Petri plates containing Sabouraud glu-
cose agar with and without antibiotics (chloramphenicol, gentami-
cin), brain-heart infusion agar, and beef-infusion blood agar with and
without antibiotics. Samples of tissue were cut into small pieces, and
the bits were inoculated into agar plates. These were incubated at
28°C and 37°C for up to 4 weeks. Cerebrospinal fluid was examined
with India ink preparation and for cryptococcal antigen by a particle
agglutination test. Systemic mycoses was defined as the presence of
fungal elements in tissue as evidenced by fungemia, positive tissue
staining for fungi, or isolation from otherwise sterile body fluids.
Those with mucocutaneous fungal infections were excluded from this
study.

Statistical Methods

Descriptive statistics, cumulative calendar-year incidence, and
cumulative case fatality rates were calculated for systemic mycoses.
The transplantation–systemic mycoses interval and time to death
from transplantation were computed using the Kaplan-Meier
method, and survival probabilities were tested using log-rank
statistics.

An extended Cox proportional hazards model (8, 9) with time-
independent and time-dependent covariates was used to investigate
the effect of covariates and outcomes, namely systemic mycoses and
death. The proportional hazards assumption was tested by graphical
and residual analysis (8). Potential confounding variables that cor-
related with endpoints on univariate analysis at a 20% level of
significance were examined using multivariate models. In the anal-
ysis of occurrence of systemic mycoses, immunosuppression violated
the assumption of proportionality. There was a similar violation of
proportionality with risk factors for death, namely immunosuppres-
sion and chronic liver disease. Discrete posttransplantation (postTX)
variables (systemic mycoses, cytomegalovirus [CMV], postTX tuber-
culosis [TB]�nocardiosis, postTX diabetes mellitus [PTDM]) that
have varying onset times were handled as time-dependent covari-
ates. These were considered absent until the time of occurrence and
present from then on. PTDM was defined as fasting blood sugar
greater than 120 mg/100 mL and 2 hours postprandial blood sugar
greater than 200 mg/100 mL or two elevated levels of either mea-
surement. The time-independent variables that violated propor-
tional hazards assumption were fitted as time-dependent covariates
using a heavy-side function along with other time-dependent and
time-independent covariates using an extended Cox model.

In the secondary analysis, we calculated the incidence density
rates and explored the risk of specific fungal infections with varying
immunosuppression using the incidence rate ratios (IRR). A sub-
group analysis of risk factors for early systemic mycoses using binary
logistic regression was done. Analyses were performed with SPSS for
Windows, Version 6.0 (SPSS, Chicago, IL), and STATA software for
Windows, Version 6.0 (STATA, College Station, TX).

RESULTS

From January 1986 to December 2000, 1,476 patients un-
derwent primary renal transplantation at this center. Their
median (range) follow-up was 46.88 (0.03–189.48) months.
Systemic mycoses occurred in 98 (6.64%) patients and man-
ifested in 110 episodes. The cumulative calendar-year inci-
dence of systemic mycoses and a 3-year moving average are
shown in Figure 1A. The proportions of patients without
systemic mycoses in this cohort at 1, 2, 5, 10, and 15 years
after transplantation were 96.6%, 95.5%, 92.3%, 90.5%, and
89.3%, respectively.

The patient and donor characteristics and risk factors for
systemic mycoses are shown in Table 1. The distribution of
CMV disease (defined as histologic evidence of invasive CMV,
quantitative CMV-polymerase chain reaction positivity
[since 1997], or increasing titers of CMV immunoglobulin
[Ig]M in a clinical setting of febrile leucopenia with or with-
out organ involvement), coexisting other infections (TB or
nocardia), diabetes mellitus, liver disease, and the occur-
rence of death were significantly greater in patients with
systemic mycoses as compared with those without it. How-
ever, the distribution of graft loss or renal failure (serum
creatinine �3.5 mg/100 mL) was similar in both the groups.
Eight patients who developed systemic mycoses had
neutropenia.

The proportions of patients without systemic mycoses on
Pred�AZA immunosuppression were 97.1% 96.4%, 89.8%,
and 85.9% at 1, 2, 5, and 10 years, respectively, whereas
those on CsA-based immunosuppression had proportions at
96.4%, 95.2%, 93.1%, and 92.6% (P�0.0524).

The distribution of various systemic mycoses and the onset
time, location, and associated pathology are presented in
Table 2. The occurrence of Cryptococcus and Pneumocystis
declined during the 5-year period from 1996, whereas As-
pergillus and Candida showed an increasing trend through-
out the study period, as shown in Figure 1B.

Risk Factors for Systemic Mycoses

On studying risk factors for systemic mycoses using uni-
variate analysis, we saw that patients aged 40 to 50 years
had 1.92 times the risk (P�0.0082), and those more than 50
years 3.6 times the risk, of systemic mycoses (P�0.0001) as
compared with those younger than 40 years (the risk was
computed by taking the inverse of the hazard ratio (HR) of
CsA therapy at �24 months). CMV disease showed a nearly
5-fold risk (P�0.0272), whereas TB or nocardia had a signif-
icant association with this important infection (HR�2.64,
P�0.0015). Chronic liver disease (HR�2.22, P�0.0001) and
PTDM (HR�2.38, P�0.0009) had more than a 2-fold risk.
The use of OKT3 was not found be a significant risk factor.

CsA immunosuppression during the first 2 years after
transplantation had 1.3 times the risk, but this was not
statistically significant. Importantly, Pred�AZA immuno-
suppression had more than a 3-fold risk of systemic mycoses
after 2 years of transplantation when compared with CsA
therapy.

Multivariate modeling with these variables showed the
risk of systemic mycoses (Table 1) with CMV disease was
nearly 5-fold (HR�4.60, P�0.0001) when compared with
those without CMV at any given time yet with the risk of
subsequent CMV disease. With chronic liver disease, the risk
of systemic mycoses was 2-fold (HR�2.07, P�0.0008). The
risk of systemic mycoses with CsA therapy was 1.4 times
until 2 years postTX, although this was not statistically
significant. However, after 2 years, the risk was 3-fold in the
Pred�AZA group. The association of TB or Nocardia with
systemic mycoses was significant (HR�2.17, P�0.0151). Re-
cipient age was also significantly associated with the risk of
systemic mycoses (age 41–50, HR�1.97, P�0.0181; age �50,
HR�4.69, P�0.0001).

Incidence densities for the major fungi are shown in Figure
1C. The incidence of aspergillus infection was 4.29 and 2.19
per 1,000 patients per year in the CsA and Pred�AZA
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treated patients, respectively. The IRR showed 1.9 times the
risk (95% confidence interval [CI] IRR 0.74, 5.17; P�0.1750)
of having infection with Aspergillus in patients on CsA-based
immunosuppression. The incidence of candidiasis was 2.50
and 2.19 per 1,000 patients per year in the CsA and
Pred�AZA treated patients, respectively. The risk was 1.2
times for candidiasis in patients with CsA immunosuppres-
sion (95% CI IRR 0.39, 4.15; P�0.8083). The incidence of
cryptococcal infection was 0.96 and 7.3 per 1,000 patients per
year in the CsA and Pred�AZA treated patients, respec-
tively, which is an 83% risk reduction in patients receiving
CsA (95% CI IRR: 0.04, 0.37; P�0.0001).

During a subgroup analysis of patients with systemic my-
coses that mainly included patients with Cryptococcus, As-
pergillus, and Candida, the association of early (�6 months)
and late (�6 months) systemic mycoses with immunosup-
pression, chronic liver disease, coinfections, CMV disease,
and rejection was studied using logistic regression. The sig-
nificant variables in the unadjusted analysis, namely CsA
immunosuppression (odds ratio [OR]�4.39, P�0.0040), the
presence of chronic liver disease (OR�0.32, P�0.0098), and
rejection episodes (OR�2.19, P�0.0724), were modeled using
an adjusted analysis. This showed CsA immunosuppression

to be 3.02 times the risk (P�0.0504) for early systemic my-
coses as compared with Pred�AZA therapy. The median
onset time for systemic mycoses was significantly earlier in
CsA-treated patients (10.0 months) as compared with those
on Pred�AZA immunosuppression (35.02 months)
(P�0.0001). When patients with these three major fungal
pathogens were studied separately, the trends persisted but
did not reach statistical significance.

Outcome of Systemic Mycoses

Of the 65 patients who died among the 98 with systemic
mycoses, 84.6% (n�55) died of the disease. The remaining
patients succumbed to liver failure (n�5), renal failure
(n�1), vascular disease (n�1), and uncertain cause (n�3)
despite successful antifungal treatment. The median sur-
vival time for subjects with systemic mycoses was 35.90
months (95% CI 19.66, 52.14).

The cumulative case fatality rate of systemic mycoses was
computed over calendar years and is presented in Figure 1A.
There is a diminishing trend in mortality over the 15 years,
particularly in the last 5 years.

The risk of death in patients developing systemic mycoses
was compared with those without the disease. Of the 98

FIGURE 1. (A) Cumulative calendar year incidence (f), 3-year moving average (MA) (Œ), and cumulative case fatality rate (F)
of systemic mycoses. (B) Distribution of fungi over three 5-year intervals. (C) Incidence rates of major fungi by immunosup-
pression. (D) Kaplan-Meier graph for survival with and without systemic mycoses. Pred, prednisolone; AZA, azathioprine;
CsA, cyclosporine A.
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patients who developed systemic mycoses, 65 (66.3%) died
whereas only 19.4% (n�267) died among those without sys-
temic mycoses. The distribution of risk factors and demo-

graphic details in this context are given in Table 3. The
probability of survival after transplantation with systemic
mycoses was 73.4%, 60.8%, 39.5%, and 25.6% and without

TABLE 1. Distribution of demographic features, adjusted hazard ratios, 95% confidence intervals (CI), and P values for
patients with and without systemic mycoses (SM)

Variable SM#
(n�98) (%)

No SM
(n�1378) (%) P value Hazard ratio 95% CI P Value

Follow-up (months)
Median 33.1 49.0 �0.0001
(Range) (0.50–75.0) (0.03–189.48)

Age (years)
�40 59 (60.2) 1058 (76.8) 0.0001 1.00
41–50 23 (23.5) 230 (16.7) 1.97 1.12–3.46 0.0187
�50 16 (16.3) 90 (6.5) 4.69 2.34–9.41 �0.0001

Sex
Male 83 (84.7) 1136 (82.4) 0.5694
Female 15 (15.3) 242 (17.6)

Donor Age
Mean (SD) 42.7 (12.3) 40.0 (11.8) 0.1320

Donor sex
Male 45 (45.9) 636 (46.2) 0.9588
Female 53 (54.1) 741 (53.8)

Donor relation
Parent 33 (33.7) 531 (38.5) 0.3517
Children 6 (6.1) 50 (3.6)
Related 5 (5.1) 92 (6.7)
Unrelated 12 (12.2) 110 (8.0)
Sibling 42 (42.9) 595 (43.2)

HLA match (antigens)
�1 14 (14.3) 211 (15.3) 0.8686
2–3 71 (72.4) 1007 (73.1)
�4 13 (13.3) 160 (11.6)

Immunosuppressiona

Pred�AZA 35 (35.7) 354 (25.7) 0.0295
CsA basedb 63 (64.3) 1024 (74.3)
CsA based (�24 mo)a 1.37 0.71–2.66 0.3500
CsA based (�24 mo)a 0.29 0.15–0.58 0.0004
Pred�AZA 1.00

Rejection
Yes 35 (35.7) 493 (35.8) 0.9901
No 63 (64.3) 885 (64.2)

CMV disease (TDC)
Yes 19 (19.4) 68 (4.9) �0.0001 4.60 2.32–9.09 �0.0001
No 79 (80.6) 1310 (95.1) 1.00

TB�nocardiac (TDC)
Yes 22 (22.4) 164 (11.9) 0.0024 2.17 1.16–4.06 0.0151
No 76 (77.6) 1214 (88.1) 1.00

Hyperglycemia
Diabetes mellitus 9 (9.2) 100 (7.3)
PTDM (TDC) 21 (21.4) 156 (11.2) 0.0065 2.07 1.20–3.55 0.0086
No 68 (69.4) 1122 (8.15) 1.00

Chronic liver disease
Yes 47 (48.0) 365 (26.4) �0.0001 2.07 1.35–3.17 0.0008
No 51 (52.0) 1013 (73.6) 1.00

Status
Graft Loss 4 (4.1) 105 (7.6)
Loss to follow-up 2 (2.0) 156 (11.3)
Renal failure 0 (0) 36 (2.6) �0.0001
Alive 27 (27.6) 814 (59.1)
Dead 65 (66.3) 267 (19.4)

a Cyclosporine (CsA) group, all received cyclosporine immunosuppression for 1 year or more.
b Tuberculosis (TB) only (n�167), nocardia only (n�11), TB and nocardia (n�10).
c Piece-wise proportional hazards model using heavy-side function method used in Cox model.
PRED�AZA, prednisolone�azathioprine; TB, tuberculosis; PTDM, posttransplant diabetes mellitus; SM, Systemic mycoses; TDC, time-

dependent covariate, CMV, cytomegalovirus, HLA, human leukocyte antigen.
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systemic mycoses was 92.5%, 87.5%, 80.0%, and 75.5% at 1,
2, 5, and 10 years, respectively (P�0.0001) (Fig. 1D).

The cumulative probability of survival after developing
systemic mycoses was 37.9%, 34.2%, 32.6%, and 26.4% at 1,
2, 5, and 10 years, respectively. The median survival after
systemic mycoses was 2.08 months. With univariate analy-
sis, the significant risk factors for death were identified, of
which immunosuppression and chronic liver disease violated
the proportional hazards assumption. On analyzing these
risk factors using an extended Cox model, the risk for death
in a patient with systemic mycoses at any given time is more
than 15 times as compared with those without systemic
mycoses, although the latter group continued to have the risk
of developing systemic mycoses later. Similar patterns of risk
for death were seen in postTX TB�nocardiosis (HR 3.46, 95%
CI 2.54–4.72), CMV disease (HR 2.89, 95% CI 1.95–4.29),
and PTDM (HR 1.43, 95% CI 1.03–2.00). Patients with
Pred�AZA immunosuppression (�2 years), chronic liver dis-
ease (�40 months), diabetes mellitus, and preTX TB had
2.32, 1.61, 1.93, and 1.53 times the risk, respectively, for
death as compared with those who did not have those risk
factors (Table 3).

Using logistic regression, we examined the change in risk
of death in patients with systemic mycoses at three 5-year
intervals, namely 1986 to 1990 (late Pred�AZA era), 1991 to
1995 (early CsA era), and 1996 until 2000. The risk of death
was nearly 2.5 (95% CI 0.90, 6.93; P�0.0781) and 2.8 (95% CI
0.90, 8.39; P�0.0757) times greater in the late Pred�AZA
and early CsA eras as compared with the last 5-year period.

Of the 65 patients who died, postmortem examination was
possible in 30 cases. The distribution of fungal lesions and
associated infections in this group of patients are detailed in
Table 4.

DISCUSSION

Systemic mycosis is a significant and often lethal affliction
in the renal-transplant population of the Indian subconti-
nent. The prevalence of systemic mycoses (6.6%) in the cur-
rent study is very similar to a report from northern India (6).
Reports of systemic mycoses from western countries among
renal-transplant recipients reveal a varying prevalence of
1.4% to 9.4% (10, 11). This difference in India when compared
with the west is likely caused by less intense immunosup-

pression, resulting in lower systemic mycoses, and poorer
diagnostic facilities that fail to detect systemic mycoses in a
humid and overcrowded environment. There have been a few
cases of systemic mycoses included in reports of postTX in-
fections and a small series of cases reported in recent years
(12, 13). In this study, the incidence of infections showed a
declining trend from 1992. Of the fungal infections, 36.7%,
48.0%, 61.2%, and 75.5% occurred within 6 months, and 1, 2,
and 3 years, respectively.

The distribution of mycoses reflects the patterns seen in
the west in the 1970s: Aspergillus, Cryptococcus, Candida,
and Pneumocystis carinii dominated the clinical picture in
the first period of study and changing to the current pattern
of predominance with Aspergillus and Candida. Pneumocys-
tis carinii is now considered a fungus rather than a proto-
zoan, based on the recent understanding of its similarity with
fungi in the gene sequences of ribosomal RNA, mitochondrial
proteins, and major enzymes (14). There were three cases of
Pneumocystis carinii pneumonia beyond the 6-month mark
in our cohort, indicating unusual environmental exposure,
with patients afflicted with HIV mushrooming and amplifi-
cation of the disease.

Of the cryptococcal infections, 81.8% occurred before 1995,
with 77.2% in the Pred�AZA group. Cryptococcal infections
have become considerably less common with CsA immuno-
suppression because this drug inhibits fungal calcineurin as
well (15). In addition, steroid use has decreased in the latter
part of the study period, which may also have contributed to
this decline. There is, perhaps, a mutation of fungal cal-
cineurin in cryptococci that can rarely infect patients on
calcineurin inhibitors.

Rubin’s timetable suggests that the majority of fungal in-
fections, barring Cryptococcus, occur within 6 months in
patients with average net immunosuppression. This has not
been the case in the tropics (16). Fungal infections occur at all
time points, crossing the 6-month milestone even in those
who have no extra immunosuppression. This is an indicator
of a high ambient fungal load in the overcrowded, humid
environment.

The commonly reported risk factors, hyperglycemia and
CMV disease, (17) were seen in this population as well. We
have documented a 4-fold increase in risk of systemic myco-
ses with the occurrence of CMV disease and a 2-fold risk with

TABLE 2. Fungal species, distribution, onset time, and primary localization

Fungus type (n) Median
(months)

Range
(months)

(min–max)
Localization of fungi (n)

Risk factors

CLD CMV Hyperglycemia

Aspergillus spp. (27) 7.00 0.1–58 L(17), D(4), B(3), GI(1), GU(1), S(1) 9 7 5
Cryptococcus spp. (22) 45.5 3.0–123 B(18), D(3), L(1) 16 2 9
Candida spp.a (18) 22.5 0.5–74.4 L(5), SST(5), GI(5), H(1), GU(1), D(1) 8 3 4
Pneumocystis carinii (15) 3.7 2.0–33 L(15) 6 2 3
Zygomycetesb (13) 5.02 0.1–107.7 L(9), D(3), SST(1) 7 4 4
Histoplasma spp. (3) 56.0 54–120 B(1), GI(1), D(1) 2 0 2
Trichosporon spp. (3) 4.0 1–51 L(1), GU(1), D(1) 3 1 1
Dematiaceous fungic (8) 18 2.4–123 SST(5) B(2), L(1) 2 1 0
Acremonium spp. (1) 27 27 L(1)

a Invasive candidiasis only.
b Mucorales spp. (11), Rhizopus (2).
cE jeanselmei (3), Fonseceae (1), Cladosporium (1), Chaetomium globosum (1), not speciated (2).
L, lung; B, brain; D, disseminated; SST, skin and soft tissue; GU, genitourinary system; GI, gastrointestinal system; S, sinus; CLD, chronic

liver disease; CMV, cytomegalovirus; H, heart.
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hyperglycemia, particularly with that of unsuspected and
often missed PTDM.

Chronic liver disease and older age of recipients also in-
crease the risk of fungal infection. These risk factors have not
been documented in the western population in renal-trans-

plant recipients. Chronic liver disease increased systemic
mycoses 2-fold. This is an often unrecognized risk factor in
renal-transplant recipients but is of great importance in the
tropics where hepatotropic viral infections are endemic and
long-term maintenance dialysis for such patients is difficult.

TABLE 3. Distribution of demographic details and adjusted hazard ratios, 95% confidence intervals (CI) and P values for
patients dead and alive

Variable Death (n�332) (%) Alive (n�1144) (%) P Value Hazard ratio 95% CI P value

Follow-up (months)
Median 18.68 60.38 0.0000
(Range) (0.03–176.33) (0.03–189.48)

Age (years)
�40 214 (64.5) 903 (78.9) 1.00
41–50 69 (20.8) 184 (16.1) �0.0001 1.43 1.07–1.90 0.0066
�50 49 (14.8) 57 (5.0) 2.67 1.86–3.82 �0.0001

Sex
Male 257 (77.4) 962 (84.1) 0.0047 0.57 0.44–0.74 0.0008
Female 75 (22.6) 182 (15.9) 1.00

Donor age
Mean (SD) 40.38 (12.2) 41.16 (11.8) 0.2930

Donor sex
Male 156 (47.1) 525 (45.9) 0.6906
Female 175 (52.9) 619 (54.1)

Donor relation
Parent 103 (31.0) 461 (40.3)
Children 26 (7.8) 30 (2.6)
Related 25 (7.5) 72 (6.3) �0.0001
Unrelated 42 (12.7) 80 (7.0)
Siblings 136 (41.0) 501 (43.8)

HLA match (antigens)
�1 61 (18.4) 164 (14.3)
2–3 233 (70.2) 845 (73.9) 0.1969
�4 38 (11.4) 135 (11.8)

Immunosuppressionb

Pred�Aza 133 (40.1) 256 (22.4) �0.0001
CsA basedc 199 (59.9) 888 (77.6)
Pred�AZA (�24 mo)a 1.49 1.08–2.05 0.0153
Pred�AZA (�24 mo) 2.32 1.60–3.36 �0.0001
CsA basedc 1.00

Rejection
Yes 106 (31.9) 422 (36.9) 0.0969
No 226 (68.1) 722 (63.1)

Systemic mycoses (TDC)
Yes 65 (19.6) 33 (2.9) �0.0001 15.44 11.49–20.75 �0.0001
No 267 (80.4) 1111 (97.1) 1.00

CMV disease (TDC)
Yes 31 (9.3) 56 (4.9) 0.0025 2.89 1.95–4.29 �0.0001
No 301 (90.7) 1088 (95.1) 1.00

Other infections
PreTX TB 34 (10.2) 94 (8.2) 0.0017 1.53 1.06–2.20 0.0239
PostTx TB�Nocardia (TDC) 59 (17.8) 127 (11.1) 3.46 2.54–4.72 �0.0001
No 239 (72.0) 923 (80.7) 1.00

Hyperglycemia
Diabetes mellitus 45 (13.6) 64 (5.6) �0.0001 1.93 1.33–2.82 0.0006
PTDM (TDC) 45 (13.6) 132 (11.5) 1.43 1.03–2.00 0.0349
No 242 (72.8) 948 (82.9) 1.00

Chronic liver disease�

Yes 123 (37.0) 289 (25.3) �0.0001
No 209 (63.0) 855 (74.7)
Yes (�40m) 0.87 0.66–1.15 0.3390
Yes (�40m) 1.61 0.99–2.62 0.0574
No 1.00

a Alive includes lost to follow-up, patients with graft loss, and renal failure.
b Piece-wise proportional hazards model using heavy-side function.
c Cyclosporine (CsA) group, most received cyclosporine immunosuppression for 1 year.
PRED�AZA, prednisolone�azathioprine; PreTX TB-pretransplant tuberculosisl; PostTX TB, posttransplant tuberculosis, Noc, nocardia;

PTDM, posttransplant diabetes mellitus; TDC, time-dependent covariate; HLA, human leukocyte antigen.
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Aggressive investigations and prompt treatment in patients
with these risk factors who present with fever, pulmonary
infiltrates, central nervous system symptoms, or soft-tissue
swellings improve the prognosis in these patients.

The early occurrence of systemic mycoses in CsA-treated
patients may be related to the telescoping of infections in the
susceptible patients with T-cell suppression. CsA depresses
the lymphocyte proliferation and macrophage function by
down-regulating the release of interleukin-2 and tumor ne-
crosis factor-� that are crucial in containing fungal infections
(18). The waning risk of fungal infection over 2 years in the
CsA group is accounted by reduction in dose or cessation of
CsA after the initial years of transplantation. Aspergillus
(81.5%) and Candida (72.2%) were relatively more often seen
in the CsA group as a result of cryptococcal growth inhibition
and declining PCP incidence with cotrimoxazole prophylaxis.

The presence of coexisting infections (TB or nocardiosis) is
an important association because the outcome is dependent
on the recognition of associated pathogens. Of the patients
(n�22) who had both systemic mycoses and TB, 54.5%
(n�12) manifested systemic mycoses earlier or concurrently
compared with those with only TB. A high prevalence of
coinfections signifies the endemicity of multiple pathogens in
the environment and common susceptibility factors in the
recipient. As in the west, multiple fungal pathogens infect
susceptible patients either concurrently or sequentially in
the tropical environment.

The risk of death was shown to be 66% in a report from
India from a decade ago (6). The survival rate depends on
duration of follow-up after transplantation and from the
trends discussed in this study and on the calendar time of
occurrence of systemic mycoses. The case fatality rate of
systemic mycoses has improved significantly in the last 5
years of the study period. This is related to better diagnostic
ability and access to antifungal agents in recent years.

Systemic fungal infections carry a 15.5-fold risk of death
(after adjusting for other risk factors) as compared with
patients without the disease. CMV disease at any time ap-
proximately triples the risk for death. The CsA protocol and
the Pred�AZA regime had a similar effect on patient sur-
vival until 2 years postTX. However, after 2 years, the risk of
death doubled in the PRED�AZA group as compared with
those on CsA. Chronic liver disease independently increased
the risk of death 1.6 times at 40 months after transplanta-
tion. Coexisting infections (PostTX TB or nocardiosis) in-
creased the risk 3.5 times. Diabetes mellitus doubled the risk

of death after transplantation whereas PTDM increased the
risk for death 1.4 times. Increasing recipient age increased
the death risk in a dose-dependent fashion. Patients more 50
years old and between 41 and 50 years have 2.7 times and 1.4
times the risk for death. A similar effect of advancing age on
survival has been shown in the west (19).

The minority of female recipients in this study population
fortunate enough to receive a graft had a significantly higher
risk of death after transplantation, likely because of poor
continued medical care and lack of social and financial sup-
port. There is a greater gender bias against providing woman
with expensive postTX medical care, and there is a pervading
reluctance to offer them even basic medical care in India.

The high risk of death in the early years can be attributed
to the sporadic availability of antifungal agents in the late
1980s (20), and the beginning of CsA-based therapy is asso-
ciated with earlier and unanticipated occurrence of infec-
tions. The risk reduction in the last 5 years has been due to
a high index of suspicion in these cases, aggressive investi-
gations, and treatment.

The postmortem study of 30 patients demonstrates the
extent of invasive fungal disease with Aspergillus, Candida
and Zygomycetes, the organ-tropism of Pneumocystis and the
variety of co-morbid conditions that along with systemic my-
coses finally claims the life of the patient. In death as re-
vealed with postmortem examination, more than in life with
clinical localization, involvement of the lung with fungi
seems to be prominent. Fungal infection of allograft can occur
as part of systemic mycoses as shown in this series and could
well present with graft dysfunction or herald vascular throm-
bosis of the allograft.

This study details the epidemiology of systemic mycoses at
a single center located in the tropics and compares and con-
trasts it with the western experience. Two important end-
points for long-term kidney-transplant outcome are patient
morbidity and survival. In the tropical developing nations
such as India, infectious morbidity is an overwhelming issue,
as is shown in this article. Furthermore, tragically, such
deaths with a functioning graft occur more often in the trop-
ics in patients riddled with multiple risk factors. The poi-
gnancy of the practice of transplantation medicine in the
tropics should encourage the identification of the patient “at
risk.” Individual immunosuppression must be tailored,
avoiding added risks in the susceptible patient and initiating
early, appropriate management for the symptomatic
individual.

TABLE 4. Postmortem findings in 30 patients

Fungi (n)
Lesions with associated risk

Localisation of fungus (n)
Liver disease Allograft disease CMV Cancer TB Nocardia

Aspergillus spp. (11) 4 2 1 1 L(11), LVR(1), B(1), GR(1), H(2) GI(1)
Candida spp. (7) 3 2 4 1 L(4), GR(2), H(2), S(1), SI(1), E(1)
Cryptococcus spp. (3) 1 1 1 M(3)
Histoplasma spp. 1) 1 E(1), C(1)
Zygomycetes (8) 1 2 2 1 L(7), GR(3), H(1), S(2), SI(1), SST(1),

BV(2), NK(1)
Pneumocystis carinii (3) 1 1 1 1 L(3)
Dematiaceous (1) 1 1 L(1)
Cladosporium (1) B(1)

L, lung, LVR, liver; B, brain; GR, graft; H, heart; S, spleen; SI, small intestine; E, esophagus; M, meninges; C, colon; SST, skin and soft
tissue; BV, blood vessels; NK, native kidney; CMV, cytomegalovirus; TB, tuberculosis.
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VITAMIN SUPPLEMENTATION REDUCES THE PROGRESSION OF
ATHEROSCLEROSIS IN HYPERHOMOCYSTEINEMIC

RENAL-TRANSPLANT RECIPIENTS

ROSSELLA MARCUCCI,1 MARIA ZANAZZI,2 ELISABETTA BERTONI,2 ALBERTO ROSATI,2 SANDRA FEDI,1

MERI LENTI,1 DOMENICO PRISCO,1 SERGIO CASTELLANI,1 ROSANNA ABBATE,1

AND MAURIZIO SALVADORI2,3

Background. We previously demonstrated among re-
nal-transplant recipients (RTRs) a high prevalence of
hyperhomocysteinemia, which might account for their
elevated cardiovascular risk. The purpose of our study
was to document, in hyperhomocysteinemic RTRs, the
effect of vitamin supplementation on carotid intima-
media thickness (cIMT), which is an early sign of
atherosclerosis.

Methods. A total of 56 stable hyperhomocysteinemic
RTRs were randomly assigned to vitamin supplemen-

tation (folic acid 5 mg/day; vitamin B6 50 mg/day; vita-
min B12 400 �g) (group A) or placebo treatment (group
B) for 6 months. All subjects underwent cardiovascu-
lar risk-factor assessment, including fasting homocys-
teine (Hcy) levels assay, and high resolution B-mode
ultrasound to measure the intima-media thickness of
common carotid arteries, at time of enrollment and
after 6 months.

Results. Fasting Hcy levels markedly decreased in
group A after treatment (21.8 [15.5–76.6] �mol/L vs. 9.3
[5.8–13] �mol/L; P<0.0001), whereas no significant
changes were observed in group B (20.5 [17–37.6]
�mol/L vs. 20.7 [15–34] �mol/L; P�not significant). In
group A, cIMT significantly decreased after treatment
(0.95�0.20 mm vs. 0.64�0.17 mm; P<0.0001). All except
one patient showed a reduction of cIMT and the mean
percentage of cIMT decrease was �32.2�12.9%. Pa-
tients with methylenetetrahydrofolate reductase
(MTHFR) C677T �/� genotype, with higher Hcy levels,
had the major percentage of decrease of Hcy with
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