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Abstract

Background—The epidemiology of invasive mold infections (IMI) in transplant recipients
differs, based on geography, hosts, preventative strategies, and methods of diagnosis.

Methods—We conducted a retrospective observational study to evaluate the epidemiology of
proven and probable IMI, using prior definitions, among all adult hematopoietic stem cell (HSCT)
and solid organ transplant (SOT) recipients in the era of “classic” culture-based diagnostics
(2000-2009). Epidemiology was evaluated before and after an initiative was begun to increase
bronchoscopy in HSCT recipients after 2005.

Results—In total, 106 patients with one IMI were identified. Invasive aspergillosis (I1A) was the
most common IMI (69; 65.1%), followed by mucormycosis (9; 8.5%). The overall rate of IMI
(and 1A) was 3.5% (2.5%) in allogeneic HSCT recipients. The overall incidence for IMI among
lung, kidney, liver, and heart transplant recipients were 49, 2, 11, and 10 per 1000 person-years,
respectively. The observed rate of IMI among HLA-matched unrelated and haploidentical HSCT
recipients increased from 0.6% annually to 3.0% after bronchoscopy initiation (£<0.05). The 12-
week mortality among allogeneic HSCT, liver, kidney, heart, and lung recipients with IMI was
52.4%, 47.1%, 27.8%, 16.7%, and 9.5%, respectively. Among allogeneic HSCT (odds ratio [OR]:
0.07, P=0.007) and SOT (OR: 0.22, P=0.05) recipients with IA, normal platelet count was
associated with improved survival. Male gender (OR: 14.4, P=0.007) and elevated bilirubin (OR:
5.7, P=0.04) were significant predictors of mortality for allogeneic HSCT and SOT recipients with
IA, respectively.

Conclusions—During the era of culture-based diagnostics, observed rates of IMI were low
among all transplants except lung transplant recipients, with relatively higher mortality rates.
Diagnostic aggressiveness and host variables impact the reported incidence and outcome of IMI
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and likely account for institutional variability in multicenter studies. Definitions to standardize
diagnoses among SOT recipients are needed.
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Background

Methods

More than 200,000 solid organ transplants (SOT) and 45,000 allogeneic hematopoietic stem
cell transplants (HSCT) have been performed in the United States during the last decade (1).
Invasive mold infections (IMI), especially invasive aspergillosis (1A), have been associated
with high mortality rates in these patients (2-8). Recent reports suggest that outcomes of IA,
especially among HSCT recipients, have significantly improved compared to observations in
the 1990s (4-9). However, epidemiology and outcomes from multicenter registries have
been conflicting with variability in the reported incidence, even among similar patient
groups (9, 10). This variability is thought to be associated with institutional transplant
practices, seasonality, geography, differences in hosts, and ways reported rates are
calculated and presented (9-13). Variability is also likely a result of diagnostic bias, as
diagnostic aggressiveness (e.g., bronchoscopies), empirical treatments, and diagnostic tests
performed in the laboratory are not standardized across centers. Historically, diagnosis was
largely dependent on culture, with antigen-based assays having been introduced in many
institutions in the mid 2000s. Therefore, some of the reported incremental changes may
merely be related to changing diagnostic practices.

Considering the increasing numbers of HSCT and SOTs performed since 2000, we sought to
review the epidemiology and outcomes of IMI in a contemporary 10-year cohort of adult
HSCT and SOT recipients at our center, which had historically relied on culture-based
diagnostics alone. In addition, we sought to assess how a more aggressive diagnostic
algorithm, implemented among allogeneic HSCT recipients in 2006, impacted the observed
rates of IMI.

Study design

This study was approved by the Institutional Review Board. All adult (=18 years) patients
who received an HSCT or SOT between 1/1/2000 and 12/31/2009 and had a diagnosis of a
proven or probable IMI were included. Patients with IMI were identified by review of
electronic microbiology, pathology, and infection control databases searching for positive
culture results for all molds, except for Penicillium species, and from all specimens, except
urine. Following the identification of IMI, this list was cross-matched to a list including all
HSCT and SOT recipients. All cases of IMI obtained from this process were then confirmed
and coded as proven or probable by detailed chart review. For the purposes of this study the
following exclusion criteria were applied: 1) IMI before transplantation, 2) duplicate
specimens, and 3) subsequent IMI at any time after the first infection were excluded (only
the first IMI identified per patient was included).

Transplant specific diagnostic protocols and antifungal prophylactic strategies

Fluconazole was administered until engraftment in all HSCT recipients. Allogeneic HSCT
recipients with graft-versus-host disease (GVHD) were not routinely given anti-mold
prophylaxis until 2009. A diagnostic algorithm for allogeneic HSCT recipients with new
respiratory tract symptoms and abnormalities on chest computed tomography (CT) was
implemented in 2005. Briefly, a bronchoscopy was performed within 24 h of the patient’s
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admission; a transbronchial biopsy (if feasible) was added beyond day 30 post transplant.
Lung transplant recipients had surveillance bronchoscopy performed at 1, 3, 6, 9, 12, 18, and
24 months post transplant and then yearly thereafter. Routine antifungal prophylaxis
included aerosolized amphotericin B during the first 30 days post transplant. If Aspergillus
species were isolated from respiratory secretions pre-transplant, lung recipients received
itraconazole or voriconazole for 6 months post transplant. Liver transplant recipients
received fluconazole for 30 days post transplant. Kidney and heart transplant recipients did
not receive primary systemic antifungal prophylaxis.

The following host variables were collected: demographics, underlying disease leading to
transplant, and the following baseline (7 days of the IMI diagnosis) laboratory data: total
white blood cell count, absolute lymphocyte count, platelet count, creatinine, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), and total bilirubin. Transplant
variables for HSCT patients included stem cell source, stem cell manipulation, donor type
(autologous vs. allogeneic: unrelated, human leukocyte antigen (HLA)-matched related, or
HLA-mismatched related), conditioning regimens, presence and severity of GVHD (acute
grade Il to IV and chronic), and associated treatments. Infection-related variables included
the site of infection, fungal genus and species (when isolated), diagnostic modalities used,
and timing of IMI post transplant. Imaging tests, including chest radiographs, chest and
sinus CT, and brain imaging £7 days of the IMI diagnosis, were reviewed.

IMI were defined based on modified consensus guidelines that were originally developed for
implementation within the cancer patient population (14). Briefly, the diagnosis of proven
IMI required histopathological documentation of infection on a specimen from a normally
sterile site. Probable IMI were diagnosed based on the presence of findings from the
following 3 categories: host factors, clinical manifestations (symptoms, signs, and
radiological features), and microbiological evidence (14). As no specific definitions or
classic radiographic findings have been established in non-cancer (e.g., SOT) patients,
microbiologic evidence of a mold without an alternative etiology was considered as
probable IMI in the setting of dense consolidations or/and infiltrates on chest CT (15-17).
Renal and liver impairment were defined as creatinine =1.5 mg/dL and either AST or ALT
=100 units/L, respectively. Acute and chronic GVHD grades were from institutional records,
using published guidelines (18, 19).

Statistical analysis

Rates of infection for HSCT recipients were calculated by dividing the number of patients
who developed an IMI by the total number of transplants performed in the cohort year. We
also reviewed the rates and outcomes of IMI and IA before and after 2005, the year in which
a diagnostic algorithm was implemented for allogeneic HSCT recipients. For SOT
recipients, the lengths of time to IMI, death, or end of study were used to calculate incidence
rates per 1000 person-years for each SOT category.

Predictors of mortality among transplant recipients with 1A were identified using
multivariable logistic regression models. Because of the small sample sizes for autologous
HSCT and SOT recipients receiving >1 organ, these analyses were limited to allogeneic
HSCT and SOT recipients who received a single organ only. The multivariable conditional
logistic regression models were built in a stepwise fashion using variables from the
univariate analyses with a P-value <0.10. Two different models were constructed, for (a)
allogeneic HSCT, (b) SOT recipients. The 12-week Kaplan-Meier survival curves during the
study period were performed based on the type of IMI (1A vs. other molds) and different
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transplant categories. The log-rank test was used to compare survival distribution between
groups.

Between 2000 and 2009, 117 transplant recipients had IMI identified, 106 with 1, and 11
with 2 possible pathogens (the latter were excluded from all subsequent analyses).
Characteristics of 44 HSCT and 62 SOT recipients with 1 IMI are presented in Tables 1 and
2, respectively. 1A was the most common IMI observed (65.1%), followed by mucormycosis
(8.5%) (Table 3). Thirty of the 106 (28.3%) patients with IMI had a “proven” infection,
based on consensus definitions (14).

HSCT recipients

The overall rate of IMI was 0.2% (2 of 874) and 3.8% (42 of 1109) in autologous and
allogeneic HSCT recipients, respectively. The overall rate of IA among allogeneic HSCT
recipients was 2.5% (N=28). Although the overall rates of IMI and 1A did not significantly
change during the study period, the rates of IMI and IA among HLA-matched unrelated and
haploidentical allogeneic HSCT recipients increased from 0.6% each to 3.0% (~=0.003) and
2.0% (P=0.04) after 2005, respectively (Fig. 1). The mean time-to-diagnosis for IMI and 1A
was 214.5 and 219.2 days, respectively. The overall 12-week mortality among allogeneic
HSCT recipients with IMI and 1A was 50% (21 of 42) and 42.9% (12 of 28), respectively.
Allogeneic HSCT recipients with an IMI other than 1A were more likely to have died by 12
weeks (64.3%, 9 of 14) compared with those who had 1A (42.9%; log-rank P= 0.05). No
difference in 12-week mortality was found, based on the type of allogeneic HSCT (HLA-
matched related vs. other) or time of transplant (2000-2004 vs. 2005-2009) for IMI and IA.
Based on stepwise multivariable logistic regression model, among allogeneic HSCT
recipients with 1A, male gender (OR: 14.4, £=0.007) was a significant predictor of mortality,
while normal platelet count (OR: 0.07, £=0.007) was significantly less associated with
mortality (Table 4).

SOT recipients

The overall incidence rates for IMI among 168 lung, 1748 kidney, 485 liver, and 156 heart
transplant recipients during the study period were 49 (95% confidence interval [CI]: 31.7,
74.8), 2 (95% CI: 1.6, 4.0), 11 (95% CI: 7.1, 18.3), and 10 (95% ClI: 4.6, 22.8) per 1000
person-years, respectively. The 1-year cumulative incidence of IA for heart, kidney, liver,
and lung transplant recipients is presented in Figure 2a. 1A and IMI were late diagnoses in
all SOT recipients except in liver transplant recipients, and had a median time to diagnosis
of 34 (interquartile range [IQR]: 108) and 48 days (IQR: 60) post transplant, respectively
(P<0.001). IA and IMI occurred particularly late in heart transplant recipients, with a median
2514 (IQR: 2620) and 771 days (IQR: 2350), respectively. Liver transplant recipients had
the highest 12-week mortality after the diagnosis of IMI (47.1%, 8 of 17; log-rank A<0.001)
compared with kidney (27.8%, 5 of 18), heart (16.7%, 1 of 6), and lung (9.5%, 2 of 21) (Fig.
2b). Similarly, 12-week mortality for patients with A was 54.6% (6 of 11) for liver vs.
40.0% (4 of 10) for Kidney, 33.3% (1 of 3) heart, and 11.8% (2 of 17) lung transplant
recipients (log-rank P=0.05). Based on stepwise multivariable logistic regression model, in
SOT recipients with 1A, normal platelet counts (OR: 0.22, P=0.05) was associated with
improved survival, while elevated bilirubin was a significant predictor of mortality (OR: 5.7,
P=0.04; Table 4).
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Discussion

This retrospective, single-center study describes the epidemiology and outcomes in a
contemporary cohort of adult HSCT and SOT recipients with a proven or probable IMI
between 2000 and 2009. Low rates of IMI were observed in all except lung transplant
recipients and were associated with high 12-week mortality. Using the existing definitions,
lung transplant recipients had the highest rates of IMI with low mortality, which illustrates
the need to standardize IMI definitions among SOT recipients.

High rates of IMI were observed in lung transplant recipients, as previously reported (11,
20-22). A proportion of IMI defined here may represent airway colonization, rather than
invasive disease. Notably, only 3 (14.3%) of these patients had a biopsy-proven diagnosis
and 2 (11.8%) of 17 1A cases were due to Aspergillus niger, organism with typically low
pathogenicity. High rates may be associated with multiple routine surveillance
bronchoscopies in this patient population. Most importantly, the definitions used here were
established to predict disease in patients with hematologic malignancies or/and HSCT
recipients as underlying conditions (14). Lung transplant recipients represent a unique
category of immunocompromised hosts, by virtue of their underlying structural
abnormalities associated with surgical anastomoses and direct contact of the transplanted
organ with the environment. As a result, imaging changes may be challenging to interpret, as
they could represent postoperative changes and/or a variety of infectious complications. In
addition, retrieval of molds, particularly in clinical conditions in which the significance of
airway colonization is not entirely clear, frequently results in “empirical” treatment, because
of implications with other secondary manifestations, such as bronchiolitis obliterans.
Definitions of IMI in this patient group should be revisited, to consider associated biases and
risks in an effort to create a common, efficient, and meaningful diagnostic standard for study
enrollment and clinical practice considerations.

A critical review of recent data coming from 2 multicenter registries on the epidemiology
and outcomes of invasive fungal infections (IFIs) in transplant recipients emphasizes that
there is variability in the reported rates (9-12). For instance, the diagnosis of IFl among
HSCT recipients was proven in 56% and 11.5% in the TRANSNET (including IC cases) and
PATH Alliance Registry cohorts, respectively (9, 10). The latter group reported that the use
of galactomannan enzyme immunoassay (GM EIA,; in serum and/or bronchoalveolar lavage
[BAL]) contributed to 73% and 16% of IA diagnoses in HSCT and SOT recipients,
respectively (9, 12). A large variation existed in reported rates of IFI between centers in the
PATH Alliance cohort, ranging from 2 to 93, even among similar host groups (9). The
above facts suggest that results are subject to multiple variables, including transplant
practices, geography, seasonality, hosts, and diagnostic methods applied at different centers.
Nevertheless, rates of IMI among transplant recipients appear to have increased, with some
of the reported incremental changes potentially related to more aggressive and sensitive
diagnostic practices, such as antigen-based or/and molecular assays (2, 4, 7, 10, 11).

The exclusively culture-based diagnostic methods applied in our center during the last
decade likely explain the low rates of IMI observed in all but lung transplants. Rates of IFI
are subject to multiple variables, including transplant practices, geography, seasonality,
hosts, and diagnostic methods applied at different centers. Lack of aggressive procedures
and initiation of empirical or pre-emptive treatment based on host factors, clinical suspicion,
and imaging findings were common practices, particularly in the HSCT service, before
2006. Hence, a significant number of patients were treated for a possible IMI, a significant
proportion of which, we believe, represented real infections, not confirmed
microbiologically. Initiation of a more aggressive diagnostic algorithm, to include BAL, in
2005 led to higher rates of IMI in allogeneic HSCT recipients. Notably, higher numbers of
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haploidentical HSCT with low-intensity conditioning regimens were also performed at our
institution after 2005, which could account for the significantly higher numbers of IMI
diagnosed during the latter part of the study. However, detailed evaluation of this cohort did
not reveal particularly increased risks for infections (23).

In addition to lack of aggressive bronchoscopy, the use of non-culture based diagnostic tests
was limited. Importantly, the diagnosis of IMI was exclusively culture- or biopsy-driven in
this series. The sensitivity rates of sputum, BAL, and tissue cultures for the diagnosis of
pulmonary 1A have ranged between 15-69%, 0-67%, and 30-52%, respectively (24-26).
Thus, a significant proportion of patients with IA might have been missed due to lack of use
of non-culture based diagnostic tools. The use of more sensitive diagnostic practices, such as
antigen-based or/and molecular assays may significantly increase the diagnostic yield and
quicken the diagnosis of 1A (27, 28). The use of the GM EIA in our center was limited until
late 2009 and diagnosis was based on non-antigen, culture-based data. Since then, we have
implemented the routine use of GM EIA in the serum and BAL of immunocompromised
hosts, which may help identify a significant proportion of patients with 1A that could
otherwise be missed or simply empirically treated for a possible “fungal pneumonia.”

Host-related variables appeared to be the most important predictors of mortality in this
cohort of transplant recipients with 1A. Normal platelet count was associated with reduced
risk for death among all transplant recipients with IA. This association may, in part,
represent thrombocytopenia signifying underlying disease severity. Similarly, patients with
normal platelet counts might have been more likely to undergo a diagnostic bronchoscopy
sooner, thus leading to earlier diagnosis, initiation of appropriate targeted treatment, and
better outcomes. Finally, recent data suggest that platelets may affect the virulence and
viability of Aspergillus species, hence enhancing the activity of antifungal agents and,
perhaps, leading to improved outcomes (29, 30). Baseline elevated bilirubin was strongly
associated with 12-week mortality in SOT. We believe that this likely represents a surrogate
of disease severity, suggesting that sicker patients are more likely to die. Gender was found
to be a significant mortality predictor in HSCT recipients with IA. Whether this is an
indicator of other possible risk factors, such as severity of GVHD, is not entirely clear, but
warrants further investigation.

In conclusion, during the years in which we relied on culture-driven diagnoses exclusively,
we observed lower than reported rates of IMI among all except lung transplant recipients,
with relatively high mortality rates. Multiple host variables impacted the overall survival
among the different transplant cohorts. These observations, including host-derived variations
in survival and diagnostic aggressiveness, impact the reported incidence of IMI and should
be taken into consideration when interpreting epidemiology and outcome studies, especially
from multiple centers that utilize different diagnostic approaches. Finally, definitions to
standardize diagnoses of IMI among SOT recipients should be revisited.
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Fig. 1.

Rates of invasive mold infections (IMI) overall and invasive aspergillosis (1A) by type of
hematopoietic stem cell, between 2000-2004 and 2005-2009. Sites of infections were not
mutually exclusive. Patients could have >1 site infected. HSCT, hematopoietic stem cell
transplant; MR, matched related.
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(a) Probability of invasive mold infection (IMI) among solid organ transplant (SOT)
recipients (by organ type). Four patients who received =2 SOTSs are not included. (b) The
12-week survival probability for SOT categories post diagnosis of IMI: liver transplant
recipients were the most likely to have died by 12 weeks compared to other SOT recipients
(log-rank P=0.05).
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Table 1

Characteristics of hematopoietic stem cell transplant (HSCT) recipients with diagnosed invasive mold
infections (IMI), by type of transplant

Characterigtic HLA-matched related  p|jogeneic, Other Autologous
N= 21 (%) N= 21 (%) N=2(%)
Demogr aphics
Age in years, mean (range) 53 (32-72) 62 (20-67) 51 (44-58)
Gender, Female 7(33.3) 7(33.3) 2 (100)
Race, Caucasian 19 (90.5) 19 (90.5) 1(50)
Underlying disease
Acute leukemia 5(23.8) 6 (28.6) 1(50)
Chronic leukemia 5(23.8) 6 (28.6) 0
Lymphoma 5(23.8) 7(33.3) 1(50)
Multiple myeloma 4(19.0) 0 0
Myelodysplastic syndrome 1(4.8) 0 0
Other 1(4.8) 2(9.5) 0
Underlying disease status
New diagnosis 6 (28.6) 6 (28.6) 0
Relapse 12 (57.1) 14 (66.7) 1(50)
Transplant characteristics
Stem cell source, Bone marrow? 21(100) 18 (85.7) 1(50)
Stem cell manipulation, T-cell depleted 6 (28.6) 0 0
Conditioning, myeloablative 15 (71.4) 9 (42.6) NA
Prior HSCTZ 0 6(28.6) 0
Transplant complications
GVHD, Acute, Grade 11-1V 10 (47.6) 11 (52.4) NA
GVHD, Chronic 2(9.5) 5(23.8) NA
Corticosteroid therapy 14 (66.7) 14 (66.7) NA
Other Immunosuppressive therapy 14 (66.7) 14 (66.7) NA

Laboratory variables (Median, range)4

White blood cell count, cells/mm3

4160 (50-30900)

4020 (50-14870)

2956 (12-5900)

Absolute lymphocyte count, cells/mm?3 385 (0-2590) 415.5 (0-2270) 225 (0-450)
Platelet count, cells/mm? 52 (12-356) 65 (9-145) 80.5 (31-130)
Creatinine, mg/dL 1.05 (0.4-2.9) 1.1(0.4-2) 0.8 (0.7-1)
Total bilirubin, mg/dL 1.6 (0.2-11.6) 1.0 (0.4-11) 0.6 (0.3-0.9)
Aspartate aminotransferase, units/L 32 (10-1927) 36 (12-71 16 (14-18)
Chest CT findingsfor patientswith IAS 13 15 0

Nodular lesions 5(38.5) 12 (80.0) NA
Consolidations/Infiltrates 6 (46.1) 6 (40.0) NA
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Characterigtic HLA-matched related  p|jogeneic, Other Autologous
N= 21 (%) N= 21 (%) N=2(%)

Certainty of IMI diagnosis
Proven 9 (42.9) 5(23.8) 0
Probable 12 (57.1) 16 (76.2) 2 (100)

Site of infection®

Lung 19 (90.5) 16 (76.2) 2 (100)
Sinus 5 (23.8) 7(33.3) 0
Brain 3(14.3) 1(4.8) 0

*
Allogeneic, Other: 8-HLA matched unrelated and 13-haploidentical HSCT recipients.

1 . - . .
The stem cell source for 1 and 2 allogeneic, other HSCT recipients were peripheral blood stem cells and cord blood, respectively. One autologous
HSCT recipient received peripheral blood stem cells.

ZSix allogeneic, other HSCT recipients had a prior HSCT: 3 an autologous and 3 an allogeneic HSCT.

Other Immunosuppressive therapy included >1 of the following: sirolimus, tacrolimus, cyclosporine, mycophenolate mofetil, cyclophosphamide,
pentostatin, or azathioprine.

4 i . . . .
Laboratory data were collected within 7 days of the IMI diagnosis. Data were not available for all patients.

5Patients with IA per HSCT category listed. Rates are calculated by dividing the number of cases with different imaging findings by the total
number of 1A cases by HSCT category. Imaging findings were not mutually exclusive (patients could have >1).

6Patients could have >1 sites infected.
GVHD, graft-versus-host disease; CT, computed tomography; 1A, invasive aspergillosis
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Table 2
Characteristics of solid transplant recipients with invasive mold infections (IM1) by type of transplant
Characteristic Lung Kidney Liver Heart
N=21 (%) N=18 (%) N=17 (%) N=6 (%)
Demogr aphics
Age in years, mean (range) 46 (21-65) 69 (33-74) 46 (22-63) 46 (20-63)
Gender, Female 9 (42.9) 9 (50) 4(23.5) 3(50)
Race, Caucasian 15 (71.4) 10 (55.6) 14 (82.3) 3 (50)
Prior transplant 0 2(11.1) 3(17.6) 0
Underlying disease! COPD: 6 (28.6) DM: 5 (27.8) HCV: 5 (29.4) Non-ischemic CMP: 3

IPF: 2 (9.5)

Cystic fibrosis: 3
(14.3)

Sarcoidosis: 2 (9.5)

Hypertension: 5 (27.8)

ETOH: 4 (23.5)

(50)

Ischemic CMP: 2
(33.3)

Transplant characteristics

Single lung: 7 (33.3)

High-riskZ 12 (66.7)

NA

NA

Laboratory variables, median
(range)®

White blood cell count, cells/mm3

11130 (3070-22090)

7630 (650-31370)

5760 (1080-31640)

13380 (6540-23440)

Absolute lymphocyte count, cells/mm3 632 (8-4270) 283.5 (0-760) 286 (115-349) 1270
Platelet count, cells/mm?3 240 (40-390) 234 (25-536) 81 (22-570) 126 (36-316)
Creatinine, mg/dL 1.2 (0.5-8.1) 1.6 (0.7-5.1) 1.5 (0.5-4.4) 1.6 (1.0-1.8)
Total bilirubin, mg/dL 2.8 (0.2-42) 0.5 (0.3-2.1) 1.8 (0.3-28.2) 1.2 (0.4-8.2)
Aspartate aminotransferase, units/L 32 (9-122) 25 (12-911) 58 (12-337) 24.5 (8-106)
Chest CT findings for patientswith 10 10 11 3
IA4
Nodular lesions 2 (20) 5 (50) 0 2 (66.7)
Consolidations/Infiltrates 8 (80) 5 (50) 8 (72.7) 1(33.3)
Certainty of IMI diagnosis
Proven 3(14.3) 4(22.2) 7(41.2) 2(33.3)
Probable 18 (85.7) 14 (77.8) 10 (58.8) 4(66.7)
Site of infection®
Lung 21 (100) 15 (85.3) 12 (70.6) 4 (66.7)
Sinus 2(9.5) 1(5.6) 3(17.6) 1(16.7)
Skin and soft tissue 0 2(11.1) 6 (35.3) 2 (33.3)

*
Only the most frequently observed organ transplant categories with on mould infection are presented in this Table. Four patients who received >2

transplants are not included.

Only the most frequently observed comorbidities leading to transplant are included in this Table. Comorbidities were not mutually exclusive

(patients could have >1).
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High-risk kidney transplants include ABO incompatible or/and positive cross match.
3 e . . . .
Laboratory data were collected within 7 days of the IMI diagnosis. Data were not available for all patients.

Patients with IA per transplant category listed. Rates are calculated by dividing the number of cases with different imaging findings by the total
number of IA cases by transplant category. Imaging findings were not mutually exclusive (patients could have >1); not all imaging findings are
included in this table.

5Patients could have >1 site infected. All skin and soft tissue infections were biopsy proven. One kidney transplant recipient had an infection
affecting the brain as well.

COPD, chronic obstructive pulmonary disease; IPF, idiopathic pulmonary fibrosis; DM, diabetes mellitus; HCV, hepatitis C; ETOH, alcoholic
cirrhosis; CMP, cardiomyopathy; NA, not applicable; CT, computed tomography; 1A, invasive aspergillosis.

Transpl Infect Dis. Author manuscript; available in PMC 2014 June 01.



Page 15

Neofytos et al.

NIH-PA Author Manuscript

“Juejdsuesy ueBio pijos ‘1 OS ‘uejdsues (190 wals onslodolewsy ‘| OSH

"(2T=U) spjow paje10ads 10U JaY1o pue ‘(T=u) wniuowsoy ‘(g=u) sa10ads saoAtoj199e4 ‘(T=U) wniiodsopel :papnjaul Spjow Jaylo

g
*(T=U) se180AW0BAZ pare1oads jou pue ‘(T=u) Joan ‘(T=u) e|jdwreybuluund :pspnjoul sa182AWobAZ EEONv

"PaIIIUBPI 10U B19M Sa10ads sry1bIadSYy 1BUIO

£
'3]ge.L SIU} Ul PapNjoul JOU 819M pUe ‘S1 OS T< Juamiapun siualied SOH_N
*UOI93JU1 PJOW JaYl0 YIM Jayloue pue sa19ads wintiodsopass yum auo :1 QSH snobojoine ue pey suaied yi Jo om, ._.N
(cee)e (691 (991 €T e €1m.  (eoor gRuI0
0 691 0 0 (CHAR (G¥)z  so19ds wnyiodsopsos
0 0 (99T 0 onT (89) e so10ads wintresny
0 (e€9) T (299) z 0 (s28)¢ T »13WO
(oom)T (L99) ¢ (eee) T (oom) T (5z9) s 0 sndoziyy
omT  (GIT)¢E Lone (RN E2n) 8 €T S9p0AWOBAZ
0 (e8n) 2 0 (8112 (86) v (zone £8wo
0 (16T 0 0 (Cadls 0 10]02ISIBN Y
0 0 0 69T (Cadls (99T snausy v
(ee0) T (16T 0 (8112 (86) ¥ (Lome 1861U "y
(L99) 2 (5%9) 9 (0'06) 6 (883)ot (659 Lz  (e¥9)8T smebnuny vy
0 (T6)T (oom T (8112 (86) v (Lome snely v

(00s)e (91T  (9ss)or  ®08).T (T99Tr  (€19)82 sooads sn||1B.edsy

(%)9=N (%) T=N (%)8T=N (%) Tz=N (%)29=N (%) ¥=N
1JeaH BAIT Aaupiy Bun z1l0s 1lOSH AT

swuaidioal Juejdsuey Buowe (J|A]) SUOIIBLUI PJOW SAISBAUI 90T JO uonnglsia

€9lgel

NIH-PA Author Manuscript NIH-PA Author Manuscript

Transpl Infect Dis. Author manuscript; available in PMC 2014 June 01.



Page 16

Neofytos et al.

"UoIYsey 3SIMAR)S © Ul [9poLU UoISsaIfal B 03Ul paanpoiul (0T'0S anjeA/) s10101paid ayelieAlun YlM pawiogiad a1om sasAjeue ajqeLeAl|niA
*

800 170 70 0£'0 (48U30 "SA HOA) Juawiealy [ebunyiue Arewid
70 90 170 1 mEm_%cmb 150d sisoufelp jo sAeq
€0 €90 990 99'0 (#002-0002 "SA 6002-G00Z) Sisoufieip /| 40 Jes A
So|qelfen pRleR -V |
¥YN VN /€0 050 (ON 'sA $9A) 1, SP10JAIS * LOSH
VN VN £5°0 29T (ON "sn mm>vmn_I>O ‘1OSH
VN VN 920 050  (uou "sn anne|qeojaAw) uswiBai Buluonipuod ‘ LOSH
VN VN [440] [7" J1ay30 ‘s pajejai-paydreN ‘ LOSH
100 €8 VN VN VN VN Buny "sa Jayr0 ‘1 0S
So|gelfen palef J-jue|dsue ) |
Y00 g 800 09 NEmE:mQE_ J3AI| pUB/IO [eusy
v€0 81 €00 0.9 (TIp/Bw G'T> 'sA ) sululeaID
¥0°0 zS 100 g9 [4%0] 109 (Ip/Bw 0> "SA ) ulgnuIiq [e10 L
43 8¢ 290 99°0 (/snun 001> 'SAR) LV
€0 e VN T (I/snun 00T> 'SA ) 1SV
S0°0 [440] 100 910 £00°0 100 200 ST'0 (gWw/s[182 000°00T> "SA ) JUN0 18J81e|d
€L°0 [ZA0) 790 0.0 (sWw/s1182 000T> SA ) OV
S9|qel e pajee J-1IS0H
S0 ST ST0 LT (sreak pg> 'sn ) aby
20 € VN T (J3Y10 "SA UeISEINED) 8JBY
80 60 1000 744" ¥0°0 €9 (8reway s sjew) Japuas)
salyde Jbowaqg
aneA-d 4O  8nfeAd  dO  8nfeAd 40  8nfeAd d0 a|qelre A
a|qeleAlINN aeleAlun a|qel ANy arelreAlun
(82=N)

(Tr=N) V1 yumsie1diced 1 10S v yymsiueidioa | IS H 9pusbol |y

.. (W1) siso||iBiadse saiseAur yym

swuaidioal (10S) wejdsuen uebio pijos pue (1DSH) 1199 wals analodojewsay 10) s10191paid AllfelIoWw ¥aam-2T 10} SISA[eue a|qeLIRAIIINW PUR SleLIRAIUN

NIH-PA Author Manuscript

v alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Transpl Infect Dis. Author manuscript; available in PMC 2014 June 01.



Page 17

Neofytos et al.

"3]0ZBUOILIOA ‘YO ‘9Se8sIp 1S0U-SnsIan-1Jelf ‘QHAD ‘eselajsurioule suluele ‘| 7y ‘aselajsuelioulwe aepedse ‘| Sy unod s1AcoydwA| sinjosqe ‘v ‘agestjdde 10u “vN ‘o1l sppo ‘4O
'sKep 0p=< "SA sAep op> :juejdsues-i1sod sisoubelp | 0} m%n_m.

"AHAD 40§ 1UaWIRaI] SB %_Emumw

‘sisouBelp | 01 Joud syiuow 9 UIyIM AHAD (22 apelB) 8Inde pue/Io d1U0IYD JO mocwmwim

*K1aAnoadsal “7/suun QT 8seJsjSuRIouIWe suluefe Jo ajeledse Jaylie pue p/Buw G TZ aUIUIRald Se PauIap 81am Jusluredwl JBAI] pue/io _mcwmw

'sasAjeure ay) Ul papnjoul aJam juejdsuel) ueblo ajbuls ® paAladal Jeyl siualdioal 1 0S >_coN.

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Transpl Infect Dis. Author manuscript; available in PMC 2014 June 01.



