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Prognosis of Invasive Aspergillosis in Kidney
Transplant Recipients: A Case-Control Study
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Background. Invasive aspergillosis (IA) is a major cause of invasive fungal infection in kidney transplant recipients (KTR), and it
has a high mortality rate. However, its impact on patients and graft survival has not been well defined in the current era of
voriconazole first-line therapy. Methods. We retrospectively collected all cases of KTR-associated IA occurring at Necker
Enfants Malades Hospital, Paris, from 2003 to 2013. These cases were compared with a group of controls (1:3) who were
matched by age, year of kidney transplantation, and sex. The characteristics of IA were also studied. Results. Sixteen patients
developed IA after KTR. Most IA cases were limited to the lungs (81.3%), with mild respiratory symptoms in only 53% of the pa-
tients. The patients were administered voriconazole (n = 15, 94%) and/or posaconazole (n = 2, 13%). The 12-week and 1-year
postinfection survival rates were 94% and 81%, respectively. Compared with the controls (n = 46), patients and death-
censored graft survivals rates were significantly lower after IA (P = 0.017 and 0.001, respectively). In the patients with IA,
the occurrences of cardiovascular diseases before transplantation (P < 0.0001), delayed graft function (P < 0.0001), and infectious
complications (0.0018) were significantly more frequent. Conclusions. Even with voriconazole therapy, the prognosis of pa-
tients with IA after kidney transplantation is still poor. When the patients survive to IA, they have a high risk of graft loss.
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Invasive aspergillosis (IA) is a leading cause of opportunisticinfections in immunocompromised patients. In kidney trans-
plant recipients (KTR), it is the third leading cause of fungal in-
fection after Candida infections and cryptococcosis,1 with an
estimated prevalence of 0.5% to 4%.2 It has been associated
with a highmortality rate, ranging from 40% to 70%.3,4 After
2002, voriconazole, a broad-spectrum triazole that is active
against Aspergillus species, and improved diagnostic tools
(eg, galactomannan antigen and Aspergillus PCR) have dra-
matically improved the prognosis for the patients with IA,5

particularly for hematological neutropenic patients. Two re-
cently published studies provided discordant information re-
garding IA prognosis in KTR.4,6 Heylen et al6 reported a
decrease in the 12 weeks mortality after IA diagnosis, from
73% before 2003 to 19% after 2003. However, in the study
of Hoyo et al,4 still 70% (7/10) of KTR with IA occurring
after 2003 died. No study has specifically studied both short-
and long-term survivals after IA, nor has compared it with
the survival of patients without IA. Furthermore, the reduc-
tion of the immunosuppressive regimen required to control
the infectious process may lead to graft rejection and can
impact graft survival. Recent studies have focused on IA risk
factors in KTR,6,7 but there are no data concerning kidney
allograft outcomes after IA.

Thus, we performed a retrospective case control study
of all IA cases occurring at our center from 2003 to 2013.
We aimed to determine the impact of IA on patients and
graft survival. We also described the clinical and radiolog-
ical presentations, diagnostic methods, and factors associ-
ated with IA.
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MATERIALS AND METHODS

Patients

We retrospectively analyzed all patients who developed
proven or probable IA in our kidney transplant unit at
Necker-EnfantsMalades University Hospital, Paris, between
January 2003 and December 2013. Invasive aspergillosis
was defined according to the 2008 European Organization
for Research and Treatment of Cancer/Invasive Fungal
Infections Cooperative Group and the National Institute
of Allergy and Infectious Diseases Mycoses Study Group
(EORTC/MSG) Consensus Group criteria.8 We excluded
patients with possible IA.

According to EORTC criteria, aspergillosis diagnosis was
done as follows:

– Proven IAwas based on the presence of Aspergillosis on mi-
croscopic analysis of a sterile material or positive cultures of a
sterile material.
– Probable IAwas defined by the presence of a host factor (re-
cent history of neutropenia, receipt of an allogeneic stem cell
transplant, prolonged use of corticosteroids, immunosuppres-
sants, or inherited severe immunodeficiency), a clinical crite-
rion, and a mycological criterion (cytology, direct microscopy,
culture or indirect tests, that is, detection ofGalactomannan an-
tigen in plasma, serum, bronchoalveolar lavage fluid, or CSF or
β-D-glucan detected in serum).
– Cases that met the criteria for a host factor and a clinical cri-
terion but for which mycological criteria were absent were con-
sidered possible IA and were therefore excluded of our study.

For each patient with IA (case), 3 control patients were
chosen in our cohort. Controls and cases were matched by
the year of transplantation, age (±3 years), and sex. The con-
trols were alive, with a functional graft, when their matched
cases developed IA.

For each patient, we collected demographic and therapeu-
tic data and outcomes.

For the patients with IA, we collected the clinical and ra-
diological characteristics, microbiological data (including
the results of tissue and fluid sample cultures, serum Platelia
Aspergillus Galactomannan EIA (a galactomannan index of
≥0.5was used to define positivity) andAspergillus fumigatus
quantitative PCR (already evaluated and published9), IA treat-
ment and outcomes and graft and patients outcomes. All
radiological examinations (including tomodensitometry and
magnetic resonance imagery) were reviewed by the same
radiologist who described the initial elementary lesions and
their evolutions.

Exhaustive microbiological investigations were performed
for each patient with bronchoalveolar fluid or bronchial
aspiration analysis (direct examination and bacterial cul-
tures [including nocardia and actinomyces], direct examina-
tion and cultures of mycobacteria, search for pneumocystis
and fungal analysis, as well as viral PCR including influenza,
parainfluenza, RSV, metapneumovirus, adenovirus, and
CMV), as well as CMV viremia.

The complete clinical remission of IAwas defined by the res-
olution of symptoms and weight loss. Radiological complete
remission was defined by the complete resolution of radiolog-
ical lesions or the persistence of sequelae and unmeasur-
able lesions. Radiological partial remission was defined
by the persistence of lesions that measured less than 70%
of the initial lesions.
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Delayed graft function was defined by the requirement of
dialysis within the first 7 days after kidney transplantation.

Immunosuppressive Regimen

The induction immunosuppressive regimen consisted
of a biologic induction agent (ie, basiliximab 20 mg on
days 0 and 4 [Simulect; Novartis Pharma, Basel, Switzerland])
or a 5- to 8-day course of rabbit thymoglobulin, 75 mg/d
(thymoglobulin; Genzyme, Saint-Germain-en-Laye, France)
and intravenous corticosteroids (methylprednisolone 500 mg
on day 0 and 125 mg on day 1) relayed by oral tapered corti-
costeroids. The maintenance immunosuppression included
a calcineurin inhibitor (tacrolimus or cyclosporine), azathio-
prine (2 mg/kg daily), or mycophenolate mofetil (MMF) (1 g
twice per day) or mycophenolate sodium (720 mg twice per
day) and prednisone. The doses were adjusted to obtain blood
concentrations for the appropriate objectives, according to the
delay from the graft. After 2006, patients with pretransplant
donor-specific antibodies also received intravenous immuno-
globulins (2 g/kg) on posttransplantation days 1, 21, 42,
and 63, and some patients also underwent plasmapheresis.

All patients were given Pneumocystis jirovecii prophy-
laxis (trimethoprim-sulfamethoxazole) for 3 to 12 months
after transplantation, CMV prophylaxis (valacyclovir 1.5 g
4 times per day until 2006, and then valganciclovir 450 mg
daily for 3 to 6 months).

Statistical Methods

Quantitative variables were expressed as the mean (stan-
dard deviation) or the median (interquartile range, 25-75).
Categorical variables were expressed as numbers and per-
centages. Quantitative parameters were compared using the
nonparametric Mann-Whitney U test. Qualitative parame-
ters were compared using χ2 tests or the Fisher exact test.
Survival curves for the patients and grafts were determined
using the Kaplan-Meier method. Patient survival among the
2 groups was compared using the log-rank test, and a P value
of less than 0.05was considered to be statistically significant.
JMP9.0 software (SAS Institute, Inc., Cary, NC) was used for
the statistical analysis.

RESULTS

Patients and Transplantation-Related Data

Sixteen patients developed proven or probable IA be-
tween 2003 and 2013, and they were compared with 46
control patients. The participants' demographic data and
pretransplantation and posttransplantation characteristics
are detailed in Table 1.

Compared with the controls, the patients with IA had a
significantly higher rate of cardiovascular diseases (93.8% vs
20%, P < 0.0001) and more delayed graft function (ie, the
need for renal replacement therapy after kidney transplanta-
tion, 62.5 vs 37.8%, P = 0.043). All patients with IA devel-
oped other infections, compared with 32 of the 46 controls
(69.6%, P = 0.0018), and the median number of infections
was also significantly higher in the patients with IA com-
pared with the controls (3 vs 1, P = 0.0004).

IA Clinical Presentation

Invasive aspergillosis was proven in 2 patients, and it
was probable in 14 patients. After kidney transplanta-
tion, IA occurred a median time of 34 months (range,
irect. Published by Wolters Kluwer Health, Inc.



TABLE 1.

Characteristics of patients with and without IA

Characteristics IA patients, N = 16 Controls, N = 46 P

Age, median (IQR, 25-75) 57.6 (47.7-68.2) 56.8 (47.9-67.4) 1
Male, n (%) 9 (56.3) 25 (54.4) 0.9
Nephropathy, n (%) 0.33
Glomerulonephritis 8 (50) 16 (34.8)
Polycystic kidney disease 4 (25) 6 (13)
Diabetic nephropathy 2 (12.5) 7 (15.2)
Vascular nephropathy 1 (6.3) 9 (19.6)
Chronic interstitial nephritis 1 (6.3) 4 (8.7)
Undetermined 0 (0) 4 (8.7)

Diabetes mellitus n (%) 4 (25) 12 (26.1) 0.93
Cardiovascular disease, n (%) 15/16 (93.8) 9/45 (20) <0.0001
Duration on renal replacement therapy: median (IQR, 25-75), mo 27 (11-44) 29.6 (9.5-77.3) 0.4
CMV D+/R− 3 (19) 11 (24) 0.72
Delayed graft function, n (%)a 10/16 (62,5) 15/45 (37.8) 0.043
Induction therapy, n (%)
Antithymocyte globulins 6/16 (38) 17/45 (37.8) 0.98
Basiliximab 6/16 (37.5) 24/45 (53.3) 0.27
Immunosuppressive regimen, n (%)
Calcineurin inhibitors 16/16 (100) 44/45 (97.8) 0.43
Azathioprine 1/16 (6.3) 4/45 (8.9) 0.73
Mycophenolate mofetil 15/16 (93.8) 35/45 (77.8) 0.12
Intravenous immunoglobulins 4/16 (25) 8/45 (17.4) 0.52
Corticosteroids > 0.2 mg/kg, >14 d 3/16 (38%) 6/26 (23%) 0.31
Creatinine clearance (MDRD) at 3 mo: median (IQR, 25-75) 42.5 (33.8-61.3) 50.1(32.3-61.1) 0.32
Creatinine clearance (MDRD) at time of AI diagnosis: median (IQR, 25-75) 50 (26-80) 49.1 (35.8-60) 0.78
Treatment of acute rejection, n (%) 3/16 (18.8) 10/46 (21.7) 0.80
Infections, n (%) 16/16 (100) 32/46 (69.6) 0.0018
No. infections, median (IQR, 25-75) 3 (2-6) 1 (0-2) 0.0004
CMV disease, n (%) 5/16 (31.3) 7/46 (15.2) 0.18

CMV, cytomegalovirus; MDRD, Modification of Diet in renal Disease; CMV D+/R−, CMV: donor seronegative, recipient seronegative; IQR, interquartile range.
a Delayed graft function was defined by the requirement of dialysis within the first 7 days after kidney transplantation

TABLE 2.

Microbiological diagnostic tools and their diagnostic value

Microbiological examinations
No. patients with a
positive result, n (%)

Histological sample: direct examination or culture 2/4 (50%)
Sputum: direct examinationa and culture 0/8 (0%) and 6/7 (86%)
Bronchoalveolar fluid/bronchial aspiration: direct

examination and culture
5/12 (42%) and 10/12 (83%)

Sinusal fluid: direct examination and cultures 0/1 (0%) and 1/1 (100%)
Cerebrospinal fluid: direct examination and culture 0/2 (0%) and 1/2 (50%)
Serum galactomannan antigen >0.5 6/14 (43%)
GA >0.5 in pulmonary samples (n = 6) or cerebrospinal

fluid (n = 1)
4/7 (57%)

Serum positive aPCR 5/8 (63%)
Serum positive aPCR and/or GA >0.5 7/8 (88%)

GA, galactomannan antigen.
a By calcofluor staining method.
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1-181 months). Only 1 patient developed early IA (within
the first 3 months after transplantation), and 5 (31%) of
the 16 patients developed IA within the first 6 months after
transplantation. At the time of diagnosis, 15 patients (94%)
received prednisone (median daily dosage, 10 mg; range,
0-70 mg), 12 (75%) calcineurin inhibitors, 12 (75%) MMF,
and 2 (12.5%) mTOR inhibitors. Invasive aspergillosis was
unifocal in 15 (94%) patients (lung, n = 13; sinus, n = 1), sinus
and central nervous system (CNS) (n = 1), and it was dissemi-
nated (ie, ≥ 2 noncontiguous sites) in 1 (6.3%) patient (lung,
CNS, and skin).

All patients, except for one, were symptomatic. The
symptoms included fever (n = 11, 69%), altered clinical
status (n = 9, 56%), weight loss greater than 5% of total
body weight (n = 11, 69%), respiratory symptoms (n = 7,
ie, 44% of patients with pulmonary lesions), and hemopty-
sis (n = 2,12.5%). The 2 patients with CNS involvement
presented with headache, impaired consciousness, and
neurological deficiency. Five (31%) patients were admitted
to the intensive care unit for IA management related to re-
spiratory failure (n = 4) or neurological failure (n = 1).

Microbiological and Radiological Data

The results of IA diagnostic procedures are detailed in
Table 2. Aspergillus fumigatus was identified in all patients
Copyright © 2016 The Authors. Transplantation Di
with available species identification (n = 13). It was recovered
from 10 of 12 (83%) bronchoalveolar fluid or bronchial
aspiration cultures and from 6 (86%) of 7 sputum cultures.
Serum galactomannan (GM) was detected in 6 (43%) of
14 cultures within 19 ± 8 days after the first symptoms
rect. Published by Wolters Kluwer Health, Inc.



TABLE 3.

Infections occurring after IA diagnosis

No. patients

Bacterial infections
Pyelonephritis 9
Clostridium difficile colitis 8
Pulmonary infection 5
Catheter infection 4
Sigmoiditis 2
Septicemia 2

Viral infections
CMV disease 4
Norovirus 1

Fungal infections
Cryptococcus diffluens fungemia 1
Pneumocystosis 1
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appeared, and Aspergillus fumigatus quantitative poly-
merase chain reaction (aPCR) was used for 5 (62.5%) of
8 patients. When both GM and aPCR were performed (8
patients), at least 1 of the 2 tests was positive in 7 (87.5%)
of the 8 patients. In 2 cases, standard histopathologic anal-
ysis of tissue biopsies revealed features that were compati-
ble with IA (skin biopsy and lung mass), but A. fumigatus
was recovered only from the skin biopsy culture.

Only 1 patient had another infection at the time of
IA diagnosis: he had an asymptomatic CMV without
symptoms that resolved without relapse after 21 days of
valgancyclovir therapy.

Chest CT scans were available for 14 patients. Sinus
and brain MRIs were available for 1 patient, and a brain
MRI was available for 1 patient. The pulmonary radio-
logical lesions included alveolar consolidations (n = 8,
57%), nodular opacities (n = 7, 50%), ground glass opac-
ities (n = 7, 50%), micronodules (n = 6, 43%), cavities
(n = 2, 14%), and halo signs (n = 2, 14%). The lung le-
sions were multifocal in all patients and bilateral in 10
(67%) patients. The sinus and cerebral lesions consisted of a
sinus mass and mucosal thickening with osteolysis and vascu-
lar sheathing for 1 patient and anterior communicating artery
aneurysm with meningeal hemorrhage for another patient.

Treatment Regimens

All patients received voriconazole (n = 15, 94%) and/or
posaconazole (n = 2, 13%) for a median duration of
6.3 months (range, 0.2-23 months). Seven (44%) patients
also received caspofungin for 1 month (range, 0.5-11
months), and 1 patient received liposomal amphotericin
B during the first 4 weeks of IA treatment. Antifungal com-
bination therapy was indicated by IA severity (n = 3), slow
recovery (n = 2), and unknown (n = 3). The immunosuppres-
sive regimen was reduced in 15 (94%) patients. Surgery was
required and successfully performed for 1 patient with IA
sinusitis because he demonstrated an unfavorable outcome
under medical treatment.

Outcome

The median follow-up period after kidney transplanta-
tion was 69 months (range, 5-219 months) for the patients
with IA and 97 months (range, 1-216 months) for the con-
trols. The median follow-up time after IA was 41 months
(range, 1-104 months).

In the patients with IA, the clinical outcomes were favor-
able in 14 of the 15 patients (1 patient was asymptomatic
but had radiologic lesions). The median times to apyrexia
and weight recovery were 12 days (range, 1-37 days) and
39 days (range, 2-274), respectively. GM and aPCR were
negative within 18 days (range, 1-10 days) and 4 days
(range, 1-179 days), respectively. Radiological partial re-
mission was observed in 4 of the 15 (27%) patients after
61.5 days (range, 35-178 days), and complete remission
was observed in 10 (67%) patients after 195 days (range,
44-1089 days). The radiological lesions did not improve
in 1 patient. One patient with CNS aspergillosis could not
be analyzed because he died within 15 days of the IA diagno-
sis. Three of 4 patients with partial remission were classified
as such because nodular sequelae persisted on their last imag-
ing. These patients had favorable clinical outcomes.
Copyright © 2016 The Authors. Transplantation D
After IA diagnosis, and despite immunosuppression reduc-
tion, severe infectious complications still affected 11 (69%) of
the 16 patients after IA. These infections are listed Table 3.

After IA diagnosis, the patient survival rate was 94%,
81%, and 67% at 12weeks, 1 year, and 3 years, respectively.
No patient was lost of follow-up. Only 1 death was directly
attributed to IA. The causes of death were other infectious
complications (n = 2), cardiovascular disease (n = 2), acute
leukemia after retransplantation (n = 1), and unknown
(n = 3). Compared with the controls, the overall mortality rate
was significantly higher in the patients with IA (P = 0.017,
Figure 1A).

Two patients developed biopsy proven antibody-mediated
rejection at 202 and 279 days after IA (in both cases after
discontinuing antifungal therapy). The therapy consisted of
6 courses of IVIg and increased tacrolimus targeted doses
for one patient and 3 methylprednisolone pulses with rein-
troduction of MMF for the other patient. No graft loss was
observed in these patients.

Fourteen months (range, 1-54 months) after IA, 6
(37.5%) of the 16 patients lost their graft because of trans-
plant glomerulopathy, including 2 patients in the month
after IA. Compared with the controls, death censored graft
survival was significantly reduced in the patients with IA
(P = 0.001), as shown in Figure 1B.

Graft failure, defined as graft loss, or death, was signifi-
cantly higher in the patients with IA (P = 0.0008, Figure 1C).

Finally, 3 patients with IA were eligible for re-
transplantation. Only one of these patients was given as-
pergillosis secondary prophylaxis during the 12 months
after retransplantation. No IA relapse was observed in
these patients.

DISCUSSION

Invasive aspergillosis remains rare in KTR, which explains
the paucity of data in this population. From 2003 to 2013,
16 patients developed IA in our cohort of 2000 KTR,
which is consistent with previous results.3,10 Thus, despite
an increase in transplants among elderly and highly im-
munized patients, no IA breakthrough was observed. Al-
though early IA was described in half of the IA cases in
solid organ transplantation (SOT) 10 years ago,3,11 our study,
in accordance with other recent studies,4,6 demonstrated that
irect. Published by Wolters Kluwer Health, Inc.



FIGURE 1. Kaplan-Meier analysis based on time to kidney trans-
plantation. A, Patient survival in IA patients compared to controls.
B, Death censored graft survival in IA patients compared with con-
trols. C, Non–death-censored graft survival in IA patients com-
pared to controls.
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late IA (>6 months after transplantation) is more frequent
in KTR, occurring in 69% of patients.

Our study is the first to precisely describe the outcomes
of the patients with IA, who still have poor prognoses. In-
deed, previous studies did not evaluate long-term survival
and did not compare KTR with IA to KTR without IA.
Our study shows for the first time that, despite voriconazole
and improved 12-weeks survival, long-term survival remains
significantly decreased in KTR with IA. Voriconazole
has been associated with significantly improved survival
rates5,12-14 among immunocompromised patients in vari-
ous settings; however, no study has focused on KTR. We
found that the global mortality rate was still high: the over-
all mortality rate was 56.3% (9 of 16 patients) compared
with 70% in 2 retrospective studies without voriconazole.3,4
Copyright © 2016 The Authors. Transplantation Di
However, the 12-week mortality rate was lower than that re-
ported in other studies of patients receiving voriconazole (ie,
6% in our study compared to 19% in the recent study of
Heylen et al6 and 34.4% among SOT recipients.7 Similarly,
in the Veroux et al10 study, none of 4 patients receiving
voriconazole died within 13 months after IA. Improved diag-
nostic methods, including a galactomannan assay,15 the use of
quantitative Aspergillus PCR and the isolation of Aspergillus
species, may also shorten the time to diagnosis and treatment
initiation, thereby improving survival rates.

We demonstrated that patient survival rates are lower
after IA compared with controls, which reflects disease
severity, patient comorbidities, and intense immunodefi-
ciency. Despite immunosuppression reductions, severe in-
fectious complications remained frequent after IA, accounting
for at least 2 deaths. Compared with the controls, the in-
fections were also significantly more frequent in the pa-
tients with IA. Screening for infectious risk factors, including
hypogammaglobulinemia and lymphopenia, and the use
of anti-infectious prophylaxis and vaccines should, there-
fore, be encouraged when KTR develop IA.

Few studies have specifically evaluated allograft outcomes
after IA. In 2 small retrospective studies of 4 and 8 patients
with fungal infections, graft loss was observed in 25% to
30% of the patients.10,16 We found that the graft prognosis
was significantly poorer in the patients with IA compared
to the controls. Graft loss was attributed to transplant
glomerulopathy in all cases of IA, but no biopsies were
performed in these patients. The other primary causes of
graft dysfunction were drug nephrotoxicity and acute renal
failure following sepsis. Immunosuppression reduction may
partly explain the graft losses. Thus, the net immunosuppres-
sive state of the patients with IA is complex, and is of partic-
ular interest: despite immunosuppression reduction and
probable chronic rejection, patients still develop severe infec-
tions. Previous studies have suggested that infections might
trigger rejection17 despite profound immunosuppression,
which could explain our observations.

In our study, the clinical presentation of IA was consis-
tent with that in previous studies,3,6 primarily pulmonary
symptoms. We found that KTR might have mild pulmo-
nary symptoms, as respiratory signs were found in only
53% of the patients compared with 86% in a study of non-
neutropenic patients, with only 2 SOT recipients.18 The ra-
diological presentation was as expected.3,19 Interestingly,
there were multiple radiological lesions in all patients and bi-
lateral lesions in two thirds of the patients; these observations
should prompt clinicians to consider an IA diagnosis.

In a recent case control study of 41 KTR with IA, leuko-
penia and duration of renal replacement therapy were risk
factors for early IA, and donor CMV seropositivity in-
creased the risk of late onset IA.6 In our study, the patients
with IA underwent renal replacement therapy more often
after IA. We also demonstrated that cardiovascular disease
occurred more frequently in the patients with IA. This as-
sociation has previously been described: in the study of
Hoyo et al4 that studied 27 solid organ transplant recipi-
ents, including 10 KTRs, KTRs with IA more frequently
had chronic heart failure (33% vs 6%). This surprising find-
ing may reflect the altered conditions (including malnutrition
and prolonged hospitalization) and inflammatory process.
This association needs to be confirmed in further studies.
rect. Published by Wolters Kluwer Health, Inc.
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Our study has several limitations. It is a single-center retro-
spective study, with a low number of patients. However, we
provided new data concerning modern mycological diagnos-
tic tools and important results related to IA prognosis.

In conclusion, IA occurs after kidney transplantation in
heavily immunocompromised patients. It remains a serious
infection despite voriconazole use, and it has a poor prog-
nosis, in terms of patient and graft survival compared to
control patients.
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