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Noninfluenza Respiratory Viral Infections in Solid Organ
Transplant Recipients

Anna Apostolopoulou,' Cornelius J. Clancy,” Abigail Skeel,® M. Hong Nguyen'?

'University of Pittsburgh Medical Center, Pittsburgh, Pennsylvania, USA, University of Pittsburgh School of Medicine, Department of Medicine, Pittsburgh, Pennsylvania, USA, and 3University of
Pittsburgh, Pittsburgh, Pennsylvania, USA

Background. Invasive pulmonary aspergillosis (IPA) is increasingly recognized as a complication of severe influenza and coro-
navirus disease 2019. The extent to which other respiratory viral infections (RVIs) predispose to IPA is unclear.

Methods. We performed a retrospective review of IPA occurring within 90 days of respiratory syncytial virus (RSV), parainflu-
enza, or adenovirus infections (noninfluenza respiratory viral infections [NI-RVIs]) in patients who underwent solid organ trans-
plant between 1/15/2011 and 12/19/2017.

Results. At a median post-transplant follow-up of 43.4 months, 221 of 2986 patients (7.4%) developed 255 RSV, parainfluenza,
or adenovirus infections. IPA complicating these NI-RVIs was exclusively observed in lung and small bowel transplant recipients, in
whom incidence was 5% and 33%, respectively. Cumulative prednisone doses >140 mg within 7 days and pneumonia at the time of
NI-RVI were independent risk factors for IPA (odds ratio [OR], 22.6; 95% CI, 4.5-112; and OR, 7.2; 95% CI, 1.6-31.7; respectively).

Mortality at 180 days following NI-RVI was 27% and 7% among patients with and without IPA, respectively (P = .04).

Conclusions.

In conclusion, IPA can complicate RSV, parainfluenza, and adenovirus infection in lung and small bowel trans-

plant recipients. Future research is needed on the epidemiology of IPA complicating various RVIs. In the interim, physicians should

be aware of this complication.
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Recent studies have drawn attention to invasive pulmonary as-
pergillosis (IPA) as a complication of coronavirus disease 2019
(COVID-19). At a number of centers, the incidence of IPA has
ranged from 5% to 30% among critically ill patients with se-
vere COVID-19 requiring intensive care unit (ICU) care [1-6].
Before the COVID-19 pandemic, IPA was increasingly recog-
nized as a complication of influenza in ICU patients [7, 8]. The
incidence of IPA among solid organ transplant (SOT) recipients
with severe influenza has been reported to be as high as 34% [7].
Noninfluenza respiratory viral infections (NI-RVIs), in particular
respiratory syncytial virus (RSV), parainfluenza (PIV), and ade-
novirus (ADV), are now recognized as underappreciated causes
of community-acquired pneumonia [9, 10]. IPA has been ob-
served following severe RSV and PIV infections among patients
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with hematologic malignancies, but incidence rates have not been
reported [11]. Indeed, it is unclear whether NI-RVIs predispose
patients to IPA (noninfluenza RVI-associated IPA [NI-IPA]). The
goal of this study was to examine the association between RSV,
PIV, and ADV infections and IPA among SOT recipients.

METHODS

Study Design

We retrospectively reviewed the electronic medical records of
consecutive adults (>18 years old) who underwent SOT between
January 15, 2011, and December 19, 2017, at the University
of Pittsburgh Medical Center (UPMC) who had laboratory-
confirmed NI-RVI caused by RSV, PIV, or ADV post-transplant
through June 30, 2018. We excluded (a) patients who had an RVI
with viruses other than ADV, PIV or RSV, (b) patients who had a
positive Aspergillus respiratory fungal culture >7 days before RV,
and (c) patients who died within 30 days of SOT. Epidemiologic,
clinical, microbiologic, radiographic, cytopathologic, and treat-
ment data were extracted from inpatient and outpatient records.

Patient Consent

This study was reviewed by the Institutional Review Boards of
the University of Pittsburgh and qualified for “Exempt” status as
defined by federal regulation.
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Definitions

Over the study period, ADV, PIV, and RSV infections were iden-
tified by polymerase chain reaction (PCR)-based multiplexed
Luminex xXTAG RVP assay (Luminex Corporation, Austin, TX,
USA) of nasopharyngenal (NP) swabs and/or bronchoalveolar
lavage (BAL) specimens. We included patients at the time of
the initial RVI diagnosis. Multiple RVP tests of the same pa-
tient were excluded unless they were (a) diagnostic of different
NI-RVIs or (b) obtained >6 months apart.

We classified NI-RVIs as (a) asymptomatic, (b) upper respira-
tory infections (URIs), or (c) lung infections (pneumonia) based
on clinical and radiographic data. Asymptomatic NI-RVI was
defined by absence of symptoms or signs of infection (eg, testing
of BAL specimens from lung transplant recipients obtained
during routine bronchoscopies for rejection surveillance). URI
was defined as the presence of upper respiratory symptoms such
as sore throat, nasal congestion, or cough in the absence of ra-
diographic findings. Pneumonia was defined by (a) presence of
acute onset fever, cough, dyspnea, or hypoxia (arterial oxygen
saturation <90% on room air or an increase in baseline supple-
mentary oxygen dose) and (b) typical chest radiography or com-
puted tomography findings consistent with lung infection.

Potential cases of NI-IPA were identified by BAL/bronchial
wash or lung biopsy specimen cultures positive for Aspergillus
species within 90 days after NI-RVI. Nonculture diagnostic
tests such as galactomannan detection were not available at
our center during the study period. We classified IPA as proven
or probable according to revised European Organization for
Research and Treatment of Cancer/Mycoses Study Group
(EORTC/MSG) criteria [12]. Presumed IPA was defined as
cases with positive Aspergillus respiratory culture that did not
fulfill definitions of proven or probable IPA, but that were
treated with a mold-active antifungal agent. In presenting and
discussing data below, we will use “NI-IPA” to refer to proven
and probable NI-IPA, unless presumed IPA is specifically men-
tioned. Aspergillus colonization was defined as positive respira-
tory culture that did not fulfill criteria for proven, probable, or
presumed IPA.

Statistical Analysis

Statistical analysis was performed using SPSS Statistics, ver-
sion 23 (IBM, Armonk, NY, USA). Descriptive statistics and
measures of central tendency were used where appropriate.
Comparisons between groups were performed by Mann-
Whitney U test for continuous variables and Fisher exact test
for categorical variables. Variables significant by univariate
analysis (P <.05) were entered into a multivariate logistic re-
gression model to determine independent risk factors for
NI-IPA. Kaplan-Meier curves were used to estimate (a) time
to NI-RVI and (b) survival among NI-RVI patients with and
without NI-IPA; the log-rank test was used to compare curves
between groups. Significance was defined as P < .05 (2-tailed).

RESULTS

Over the study period, 2986 patients underwent SOT and ful-
filled our inclusion criteria, including kidney (1254), lungs
(711), liver (614), heart (233), kidney-pancreas (82), small
bowel/multivisceral (42), pancreas (38), and multiple organ (12)
recipients. The median length of post-SOT follow-up (range)
was 43.4 (0.24-70.9) months. Two hundred twenty-one patients
transplanted during the study period were diagnosed with 255
episodes of NI-RVI through June 30, 2018 (incidence, 7.4%,
221/2986). Thirty-two patients had >1 NI-RVI episode, and 4
patients were co-infected with 2 NI respiratory viruses (RVs).
PIV was the most common cause of NI-RVI (44%, 113/255),
followed by RSV (41%, 104/255) and ADV (15%, 38/255).
Times to first episode of RVI are presented in Figure 1. Small
bowel and lung transplant recipients were more likely to acquire
RVI than were recipients of other organs (P < .0001).

Clinical characteristics of patients with NI-RVI, stratified by
virus, are presented in Table 1. Receipt of belatacept at the time
of diagnosis was more likely among patients with ADV infec-
tions (10%, 4/38) than among those with PIV (2%, 2/113) or
RSV (0%, 0/104; P = .003) infections. Likewise, CMV viremia
within 3 months of diagnosis was more likely among patients
with ADV infections (16%, 6/38) than among those infected
with PIV (1%, 1/113) or RSV (10%, 10/104; P = .001). Overall,
58% (147/255) of patients with NI-RVIs were admitted to the
hospital; admission rates did not differ by virus. Among pa-
tients who required admission, those infected with ADV had
significantly longer lengths of stay (median, 16 days) than those
infected with PIV (median, 8 days) or RSV (median, 7 days;
P =.04).

Twenty-six percent (67/255), 47% (120/255), and 27%
(68/255) of NI-RVIs were lung infections, URIs, and asymp-
tomatic, respectively. Fifty-seven percent (146/255) and 64%
(164/255) of patients with an NI-RVI were treated with an
antiviral agent and adjunctive corticosteroids, respectively.
Sixty-four percent (67/104) of RSV-infected patients received
ribavirin (63 oral, 2 inhaled, 1 intravenous, and 1 combination
oral and inhaled). Sixty-seven percent (76/113) of PIV-infected
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Figure 1.  Time to noninfluenza respiratory virus infection, stratified by type of

solid organ transplant. Abbreviations: MV, multi-visceral organ transplant; NI-RVI,
noninfluenza respiratory virus infection.
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Table 1. Characteristics of Solid Organ Transplant Recipients With Noninfluenza Respiratory Virus Infections

Patient Characteristics ADV (n = 38) PIV (n = 113) RSV (n = 104) Total (n = 255)
Median time (IQR) from transplant to NI-RVI, mo 10.8 (2-10.8) 17.8 (6.5-31.6) 19.7 (6.3-37.3) 18.4 (5.9-35)
Demographics

Age, median (IQR), y 56.5 (456-65) 57 (45-65) 58 (49-65) 57 (46-65)
Men 50 (19) 61 (69) 64 (67) 61 (155)
Organ transplanted

Lung 87 (33) 78 (88) 75 (78) 78 (199)
Kidney 3(1) 5 (6) 6 (6) 5 (13)
Liver 0 (0) 4 (4) 9(9) 5 (13)
Heart 3(1) 5 (6) 6 (6) 5(13)
Small bowel 0 (0) 2(2) 1(1) 1(3)
Kidney-pancreas 3(1) 0 (1) 1(2)
Multiple 5(2) 6(7) 3(3) 5(12)
Immunosuppression at the time of NI-RVI

Cyclosporine 21 (8) 20 (23) 23 (24) 21 (54)
Tacrolimus 74 (28) 80 (91) 75 (78) 77 (197)
Sirolimus/everolimus 5(2) 18 (21) 21 (22) 17 (44)
Azathioprine 5(2) 1 (13) 10 (11) 10 (26)
Mycophenolate mofetil 79 (30) 65 (74) 62 (65) 66 (169)
Belatacept® 10 (4) 2(2) 0(0) 2 (6)
Steroids 92 (35) 92 (104) 84 (87) 89 (226)
Alemtuzumab/antithymocyte globulin/rituximab within 3 mo of NI-RVI 16 (6) 9 (10) 8(8) 9 (24)
Basiliximab within 3 mo of NI-RVI 0 2(2) 6 (6) 3(8)
Acute rejection requiring bolus steroids within 3 mo before NI-RVI° 29 (11) 23 (26) 12 (12) 19 (49)
Acute rejection requiring bolus steroids within 1 mo before NI-RVI 10 (4) 12 (13) 10 (11) 11 (28)
Clinical characteristics at the time of NI-RVI

ESRD on RRT 5(2) 7(8) 13 (14) 9 (24)
CMV infection® 16 (6) 1(1) 10 (10) 7(17)
Lung involvement (pneumonia) 24 (9) 29 (33) 24 (25) 26 (67)
Hospital admission 66 (25) 54 (61) 59 (61) 58 (147)
Median inpatient length of stay (range), d 16 (2-114) 8 (1-150) 7 (1-371) 8 (1-371)

Data are presented as % (No.) unless otherwise indicated. There were only 3 patients with neutropenia in our cohort, with absolute neutrophil counts of 920, 1150, and 1320/mm?® at the

time of NI-RVI diagnosis.

Abbreviations: ADV, adenovirus; CMV, cytomegalovirus; ESRD, end-stage renal disease; |QR, interquartile range; NI-RVIs, noninfluenza respiratory virus infections; PIV, parainfluenza virus;

RRT, renal replacement therapy; RSV, respiratory syncytial virus.

“P=.003; 10% (4/38) of patients with ADV vs 1% (2/217) with RVP due to PIV or RSV infections received belatacept before RVI (P = .005).
bP=.02; 92% (139/151) of patients with either ADV or PIV infections had received corticosteroid at the time of NI-RVI diagnosis vs those with RSV infection (P = .04).
°P=.001; 16% (6/38) of patients with ADV vs 5% (11/217) with RVP due to PIV or RSV infections had CMV infection within 30 days before NI-RVI (P = .03).

patients received ribavirin (71 oral and 5 inhaled). Five per-
cent (2/38) and 3% (1/38) of ADV-infected patients received
cidofovir and brincidofovir, respectively.

NI-IPA

Aspergillus spp. were recovered from a lower respiratory culture
within 90 days of NI-RVI in 17% (43/255) of patients. Eleven
cases fulfilled a definition of proven (n = 3) or probable (n = 8)
NI-IPA, corresponding to a disease incidence of 4% (11/255) in
patients with NI-RVI. Disease manifestations were disseminated
aspergillosis (including IPA, n = 1), both IPA and endobronchial
infection (n = 1), and IPA (n =9). Seven additional cases (3%
incidence) were defined as presumed NI-IPA, as patients did not
fulfill criteria for proven or probable NI-IPA but were treated
with antifungals. In the remaining 25 cases (10% incidence),
positive cultures represented Aspergillus colonization.

Ninety-one percent (10/11) of patients with proven or
probable NI-IPA were lung or heart-lung transplant recipi-
ents (including a patient who underwent heart-lung and
kidney transplantation); the other patient was a small bowel
recipient. The incidence of NI-IPA was 5% (10/207) and 33%
(1/3) among lung and small bowel recipients with NI-RVI, re-
spectively. The median time from diagnosis of NI-RVI to di-
agnosis of NI-IPA (interquartile range [IQR]) was 30 (0-60)
days; the median time to NI-IPA was shorter among patients
with lower RVI than among those with upper RVI (17 days vs
80.5 days; P = .08). Thirty-six percent (4/11) and 64% (7/11) of
proven/probable NI-IPA occurred within 8 days and >17 days
after NI-RVI, respectively; cases were diagnosed at a median
(range) 10.8 (1.3-53.6) months post-SOT. Causative species
were A. fumigatus (n = 6) and A. flavus, A. lentulus, A. terreus,
A. ustus, and A. versicolor (n =1 each). Eighty-two percent
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(9/11) of patients with NI-IPA were admitted at the time of
RVI diagnosis.

Risk Factors for NI-IPA

Cumulative steroid dose within 7 days of diagnosing NI-RVI
and presence of pneumonia at the time of NI-RVI were signif-
icant risk factors for NI-IPA by univariate analysis, as well as
independent risk factors for NI-IPA by multivariate analysis
(Table 2). By receiver operating characteristic analysis, a cu-
mulative prednisone dose of 140 mg within 7 days of NI-RVI
was the factor that best differentiated between patients with and
without NI-IPA. Thirty-one percent (5/16) of patients receiving
>140 mg of prednisone developed NI-IPA, compared with 3%
(6/207) of those receiving <140 mg of prednisone. Thirty-nine
percent (99/255) of NI-RVI episodes were associated with

antecedent antifungal utilization. There was no difference in
the rate of NI-IPA among patients receiving or not receiving
antifungals at the time of NI-RVTI diagnosis.

Mortality

Mortality at 180 days post-NI-RVI was significantly higher
among patients with NI-IPA than among patients without
NI-IPA (P = .0009) (Figure 2).

DISCUSSION

To our knowledge, this is the largest study of NI-IPA among
SOT recipients. Our experience with 221 patients with NI-RVI
was notable for several findings. First, NI-IPA occurred exclu-
sively in lung and small bowel transplant recipients, with an

Table 2. Risk Factors for Noninfluenza Invasive Pulmonary Aspergillosis

NI-IPA No IPA® Univariate Anal- Multivariate Odds Ratio
Risk Factor (n=11) (n=213) ysis PValue Analysis PValue (95% CI)
Median age at time of NI-RVI (IQR), y 48 (34-63) 57 (45-65) .3
Median number of months from transplant to NI-RVI (IQR) 10.8 (8.4-42.4) 19.0 (5.1-37.8) 9
Organ transplanted
Lung or heart-lung 82 (9) 75 (157) 31
Kidney 0 6 (13)
Liver 0 6 (13)
Heart 0 6 (13)
Small bowel/multivisceral 10 (1) 1(2)
Kidney-pancreas 0 1(2)
Multi-organ® 10 (1) 5 (10)
Immunosuppression
Cumulative dose of prednisone equivalent within 7 d of 96 (35-140) 35 (25-70) 02
NI-RVRE mg
Cumulative dose >140 mg of prednisone equivalent within 45 (5) 5 (11) <.0001 <.0001 22.6 (4.5-112)
7 d of NI-RVP
Alemtuzumab, thymoglobulin, or rituximab 20 (2) 9 (20) .26
Basiliximab 18 (2) 3 (6) .052
Tacrolimus 70 (7) 76 (160) 71
Cyclosporine A 20 (2) 23 (48) 1
Sirolimus/everolimus 10 (1) 17 (37) 1
Mycophenolate 60 (6) 65 (137) 74
Azathioprine 10 (1) 10 (22) 1
Belatacept 10 (1) 2 (5) 25
Renal replacement therapy 0 11 (24) .61
Respiratory viruses .048 .053
Adenovirus 27 (3) 15 (32)
Parainfluenza virus 64 (7) 41 (87)
RSV 9 (1) 44 (94)
Lung involvement (pneumonia) 64 (7) 25 (54) .01 .009 7.2 (1.6-31.7)
CMV viremia 18 (2) 6 (13) .16
Steroid therapy added within 30 d after RVI diagnosis 82 (9) 61 (130) 22
Length of stay, median (IQR), d 11 (6-22) 8 (4-24) 48

Data are presented as % (No.) unless otherwise indicated. There was no difference in NI-RVI manifestations (asymptomatic vs symptomatic [either URI or pneumonial) and receipt of NI-RVI

treatment between patients with or without NI-IPA.

Abbreviations: CMV, cytomegalovirus; IQR, interquartile range; IPA, invasive pulmonary aspergillosis; NI-IPA, noninfluenza invasive pulmonary aspergillosis; NI-RVIs, noninfluenza respiratory

virus infections; RSV, respiratory syncytial virus; RVI, respiratory viral infection.

“Thirty-one patients with presumed IPA or Aspergillus colonization were excluded from the analysis.

®One patient underwent combined heart-lung and kidney transplant.
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Figure2. Mortality of patients with noninfluenza respiratory virus infection, strati-
fied by presence or absence of invasive pulmonary aspergillosis. Abbreviations: IPA,
invasive pulmonary aspergillosis; NI-RVI, noninfluenza respiratory virus infection.

incidence of 5% and 33%, respectively, for proven and probable
cases. These findings were broadly in keeping with TRANSNET
data, which showed that lung and small bowel recipients had
the highest probability of invasive fungal infections among SOT
recipients [13]. Second, higher cumulative steroid doses within
7 days of NI-RVI and pneumonia at the time of NI-RVI were
independent risk factors for NI-IPA. Lastly, mortality among
patients with NI-IPA was higher than mortality among patients
with NI-RVI but no NI-IPA (P = .0009). Taken together, these
data expand our knowledge of the link between RVIs and IPA
and provide important insights for clinicians and researchers.

IPA as a complication of RVIs has been best studied following
severe influenza (influenza-associated pulmonary aspergillosis
[IAPA]). Among critically ill patients with influenza, the inci-
dence of TAPA is 7%-19% [7, 8]. IPA has also been linked to
COVID-19 (CAPA), with reported rates among critically ill
patients ranging from 5% to 30% at certain centers [1-5]. Our
study of NI-IPA included SOT recipients who ranged from
asymptomatic outpatients diagnosed by surveillance bronchos-
copy to critically ill, intubated patients with pneumonia. In con-
trast, studies of IAPA and CAPA have predominantly included
intubated patients in the ICU. The incidence of IAPA or CAPA
would be lower if all patients with influenza and COVID-19
were included, rather than simply those who were critically ill.
Receipt of steroids was a common risk factor for IAPA [7, 8]
and CAPA [2, 4, 6, 8]. In our patients, cumulative prednisone
doses >140 mg within 7 days of NI-RVI increased the odds of
NI-IPA by 23-fold (95% CI, 4-112), and pneumonia at time of
NI-RVI diagnosis increased the odds by 7-fold (95% CI, 2-32).
Mortality at 180 days from NI-RVI of patients with and without
NI-IPA was 27% (3/11) and 7% (14/213), respectively. In pre-
vious studies, 90-day mortality of IAPA was almost double that
of influenza patients in the ICU without IAPA (51% vs 28%)
[8]. Likewise, mortality rates of ICU patients with and without
CAPA were 58% and 38%, respectively [6].

The pathophysiology of NI-IPA is multifactorial. The human
respiratory tract is a reservoir of diverse commensals, which can
act as pathogens (pathobionts) under suitable circumstances

[14]. Colonization is a crucial step in the pathogenesis of IPA.
The cumulative incidence of airway colonization by molds
ranges from 20% to 50% among lung transplant recipients [15,
16], with Aspergillus spp. predominating. In our study, 17%
of SOT recipients and 20% of lung transplant recipients with
NI-RVI had respiratory cultures that grew Aspergillus within
90 days after an NI-RVI diagnosis. However, most Aspergillus-
positive cultures here represented colonization (60%) rather
than proven, probable (26%), or presumed (14%) NI-IPA. RVs
can damage the epithelial layer, leading to denudation, base-
ment membrane exposure, and subsequent pathobiont ad-
herence and invasion [14]. Likewise, RV damage of ciliated
cells can impair pathobiont clearance. Steroids, particularly at
higher doses, can compromise alveolar macrophage phagocy-
tosis, predisposing to invasion by Aspergillus [17]. Steroids and
other immunosuppressive drugs also impact adaptive immu-
nity. Specific RV strains may differ in the intensity by which
they influence the above factors, and in their relative virulence.
We found that ADV and PIV were associated with a higher rate
of NI-IPA than RSV (9%, 7%, and 1%, respectively; P = .048)
by univariate analysis, but this observation was not confirmed
by multivariate analysis (P =.053). Nevertheless, this trend
was noteworthy and should be specifically addressed in future
studies. ADV infection, unlike other RVs, can be caused by re-
activation of latent infection in SOT recipients. This difference
might explain why ADV infection was more common among
patients receiving betalacept, a fusion protein that selectively
inhibits T-cell activation.

We demonstrated that time to diagnosis of NI-IPA after
NI-RVI followed a biphasic pattern. Thirty-six percent of
patients with NI-RVI had Aspergillus recovered within 8
days of NI-RVI diagnosis (early onset). The remaining 64%
patients had Aspergillus recovered between days 17 and 90
(late onset). The timeline of early-onset NI-IPA is similar to
that of IAPA, in which Aspergillus infection typically occurs
within 5 days of influenza diagnosis [8]. Short timelines are
likely associated with high viral loads and significant airway
damage. Later-onset NI-IPA more closely resembles CAPA,
which is diagnosed at a median of 15 days following diagnosis
of COVID-19 [4]. Later onset of IPA after COVID-19 and
NI-RFI might stem from effects of corticosteroids, which are
often used to treat both types of viral infection. Steroid aug-
mentation is commonly employed after a diagnosis of NI-RVI
in lung transplant recipients at our institution and many other
centers to reduce risk of RV-induced chronic allograft dys-
function [18, 19].

The higher incidence of NI-RVI among lung transplant re-
cipients is likely attributable, in part, to more aggressive immu-
nosuppressive regimens than used in other SOT recipients and
to direct exposure of the allograft to the external environment.
It is also plausible that lung transplant recipients have a lower
threshold to seek care and get tested for RVI because respiratory
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symptoms involve their transplanted organ. Detection of RVIs
is more likely at lung transplant programs like ours, where BAL
samples obtained during post-transplant surveillance bron-
choscopies are routinely screened for RVs.

This study has several limitations. First, it is retrospective
and subject to potential selection and confounding biases.
Second, we did not include other RVs such as influenza virus,
human metapneumovirus, rhinovirus, human coronavirus, etc.
Third, culturing of respiratory samples was not standardized,
but rather dependent upon the discretion of individual phys-
icians. The incidence of NI-IPA might have been higher than
reported here if we only included patients with more severe
NI-RVI requiring hospitalization or ICU admission or if fungal
biomarkers were incorporated into diagnoses. Finally, the rela-
tive small number of patients included here limited our ability
to examine other predisposing factors for NI-IPA.

In conclusion, the incidence of proven or probable NI-IPA
among SOT recipients with NI-RVI at our center was 4%.
NI-IPA was diagnosed exclusively among lung and small bowel
recipients. Independent risk factors for NI-IPA were receipt of
>140 mg of prednisone within 7 days of RVI diagnosis and pres-
ence of viral pneumonia. If our findings are confirmed by other
studies, trials of antifungal prophylaxis would be warranted
in a subset of lung and small bowel transplant recipients with
NI-RVI. NI-IPA had features that were distinct from those of
other types of viral-associated aspergillosis, including IAPA and
CAPA, as well as features that were shared with these diseases.
RVIs should be recognized as nonclassical risk factors for inva-
sive mold infections.
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