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Invasive aspergillosis (IA) is rare among renal trans-
plant recipients (RTRs). We investigated a cluster of
IA among RTRs at a California hospital from January
to February 2001, when construction was ongoing. We
conducted a cohort study among RTRs who were hos-
pitalized between January 1 and February 5, 2001, to
determine risk factors for IA. IA was defined using
established guidelines. Four IA cases occurred among
40 RTRs hospitalized during the study period. Factors
associated with an increased risk of IA included pro-
longed hemodialysis, lengthy corticosteroid treatment
posttransplant, and use of sirolimus alone or with my-
cophenolate (P<0.05). After the study period, three
additional RTRs developed IA; two Aspergillus iso-
lates recovered from these patients had indistinguish-
able profiles by DNA fingerprinting, suggesting com-
mon-source exposure. This study suggests that
immunosuppressed RTRs can be at an increased risk
for IA. Measures to prevent IA in these patients should
be taken during hospital construction.

Invasive aspergillosis (IA) usually occurs among severely
immunocompromised patients, such as hematopoietic stem-
cell transplant (HSCT) recipients, those with prolonged neu-
tropenia, and those undergoing treatment for graft-versus-
host disease (1). The most commonly isolated species,
Aspergillus fumigatus, causes approximately 90% of infec-
tions and is ubiquitous in the environment. Infection follows
inhalation of spores. Pulmonary infection is the most com-
mon form of invasive disease, but dissemination to the cen-
tral nervous system and other sites can occur (2). IA is
associated with a high mortality; the overall case-fatality
rate is 58% (3). Although the incidence of IA can be up to 15%
among HSCT recipients, it is less common among solid-organ
transplant recipients and rare among renal transplant recip-

ients (RTRs), in whom the incidence is less than 1%. Out-
breaks of IA among RTRs are uncommon (4).

On February 6, 2001, hospital X, a 350-bed facility that
specializes in solid-organ transplantation in California, re-
ported to the local health department four IA infections
among RTRs in January and February 2001. Construction
was ongoing at the time on the floor where RTRs were
housed. Only three patients with IA had been reported in the
previous 2 years, none among RTRs. Ninety percent of all
transplants performed at hospital X are renal transplants;
295 were performed in the year 2000. To determine the
extent of this outbreak, potential risk factors, and environ-
mental sources for IA in the RTR population, we conducted
an investigation that included cohort, environmental, and
laboratory studies.

We conducted a retrospective cohort study among all RTRs
hospitalized between January 1 and February 5, 2001 (study
period), using a standardized data extraction form, reviewed
medical records, radiographic, microbiologic, and pathologic
reports, and an existing renal transplant database. Informa-
tion was collected on patient demographic and clinical char-
acteristics, location during hospitalization, transplant char-
acteristics, complications after transplantation, medications,
laboratory findings, and outcome. We defined a case of IA as
any proven or probable Aspergillus infection in an RTR at
hospital X during the study period, using a consensus case
definition recently published (5). (Proven IA was defined by
histology showing Aspergillus sp. hyphal tissue invasion in a
site with evidence of tissue damage or positive Aspergillus sp.
culture from a normally sterile but clinically abnormal site.
Probable IA was defined by a combination of positive As-
pergillus sp. culture or cytology from respiratory secretions
in a patient with a clinically compatible picture.) In addition,
descriptive data were collected on three patients who devel-
oped IA after the study period.

Environmental inspection of hospital X focused on the
heating, ventilation, and air conditioning (HVAC) filtration
systems, areas of ongoing construction and water damage,
and infection-control precautions taken during construction.
Environmental surface samples were obtained from the RTR
ward, operating room, intensive care unit patient care areas,
elevators, HVAC systems, and the areas of ongoing construc-
tion. Identification of environmental and clinical isolates of
Aspergillus spp. was performed using standard methods. Mo-
lecular typing of isolates was performed by restriction frag-
ment length polymorphism analysis of DNA extracts using a
DNA probe (Afut 1) as previously described (6).

Univariate analysis was performed using SAS 8.0 (SAS
Institute Inc., Cary, NC) and StatXact 4.0 (Cytel Software
Co., Cambridge, MA). When possible, continuous variables
following a linear distribution were dichotomized at the 75%
quartile (e.g., days on corticosteroids and dialysis duration)
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to create a discrete variable. Stratified analysis was per-
formed when feasible.

Forty RTRs were hospitalized during the study period; four
cases were identified (attack rate�10%) (Table 1). No cases
were identified among other transplant recipients. Three
RTRs met the “proven” case definition, and one met the
“probable” case definition. A. fumigatus was isolated from all
four cases. The median age of patients was 44 years (range
33–55 years). Three were men, and three were Hispanic. The
median time from last transplantation until diagnosis of IA
was 71.5 days (range: 58–415 days); all were admitted two or
three times during the study period. Three presented with
pneumonia, and all showed evidence of renal dysfunction and
received treatment for presumed rejection. All four patients
died between 3 and 11 days after IA diagnostic culture
collection.

No significant associations (P�0.05) were detected be-
tween many transplant-specific or host-related factors (Table
2). Moreover, environmental factors, such as patient proxim-
ity to the construction site, which was located directly oppo-
site the RTR ward, and the duration of hospital stay, were

not found to be significantly associated with an increased
risk of IA.

The patients were significantly more likely to have re-
ceived sirolimus, as determined by univariate analysis. Pa-
tients who received both mycophenolate and sirolimus, si-
multaneously for 2 to 3 days or sequentially during the study
period, were also at increased risk for IA. Other host factors,
indicative of severe immunosuppression, were found to be
significantly associated with the development of IA (Table 2).
The risk of disease associated with the use of mycophenolate
and sirolimus during the study period persisted even after
stratifying by prolonged corticosteroid use and certain induc-
tion agent usage (e.g., basiliximab [Simulect, Neoral, Novar-
tis, East Hanover, NJ]).

Three additional RTRs (patients 5–7), not included in the
cohort study, developed IA (two proven and one probable) in
the 4 months after our investigation (May–August 2001).
Two received sirolimus and mycophenolate, all required pro-
longed dialysis posttransplant, and two died. In April 2001,
we recommended chemoprophylaxis using oral itraconazole
solution (5 mg/kg/day) for RTRs with the risk factors for IA

TABLE 1. Characteristics of the renal transplant recipient cohort: Hospital X, California, January to February 2001

Characteristic Proven and probable cases, n�4 Non-cases, n�36

Underlying ESRD cause
Diabetes 1 (25%) 19 (53%)
Hypertension 2 (50%) 9 (25%)
Polycystic kidney 1 (25%) 1 (3%)
Other 0 (0%) 7 (19%)

Laboratory data
Lowest platelet count (per mm3) 70,000 (range: 42,000–128,000) 173,000 (range: 18,000–397,000)
Platelet count �150,000/mm3, duration (d) 12 (range: 0–25) 0 (range: 0–22)
WBC count �5,000/mm3, duration (d) 3.5 (range: 1–13) 0 (range: 0–22)

Transplant information
Retransplantation 1 (25) 7 (19.4)
Cold ischemic time (hr) 33.2 (range: 0–43) 26 (range: 0–41)
Panel reactive antibodies �60% 0 (0) 0 (0)
HLA match �3 3 (75) 24 (66.7)
CMV antibody 4 (100) 23 (63.9)
Required dialysis after transplant 4 (100) 14 (38.9)
Organ rejection (biopsy proven) 2 (50) 8 (22.2)

Immunosuppression
IV steroids for rejection prevention 3 (75) 10 (27.8)
Days on corticosteroids (prednisone �20 mg) 69.5 (range: 48–410) 21 (range: 0–293)
Induction required 4 (100) 24 (66.7)
Induction required for rejection prevention 2 (50) 4 (11.1)

ESRD, end-stage renal disease; WBC, white blood cell count; IV, invavenous; HLA, human leukocyte antigen; CMV, cytomegalovirus.

TABLE 2. Univariate analysis of risk factors for invasive aspergillosis among hospitalized cohort of renal transplant
recipients, California, January 1 to February 5, 2001

Variable
IA among
exposed

(%)

IA among
non-exposed

(%)

Relative
Risk 95% CIa P valueb

Corticosteroids �40 days
(prednisone �20 mg)

4/9 (44) 0/31 29.8 1.7–490 �0.01

Pretransplant hemodialysis �4 y 3/7 (43) 0/23 21.0 1.2–364 0.01
Posttransplant hemodialysis �7 d 4/18 (22) 0/19 11.0 0.5–164 0.02
Leukopenia (WBC �5,000/mm3) 4/17 (24) 0/23 12.1 0.6–209 0.02

Sirolimus 4/13 (31) 0/27 17.7 1.0–311 0.01
Sirolimus � mycophenolate 4/7 (57) 0/33 39.0 2.2–641 �0.01

a A correction of 0.5 in every cell of those tables that contain a zero was used to calculate CI.
b Calculated using StatXact 4.0 (Cytel Software Co.,)
IA, invasive aspergillosis; CI, Confidence intervals.
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identified by our cohort study. The duration of prophylaxis
depended on adequate recovery of immune function. Patients
5 through 7 did not receive itraconazole.

We observed that the barriers between the construction
site and the RTR ward were inadequate (7). In addition,
much trafficking of staff between the construction and pa-
tient care areas was occurring. Moreover, RTRs demon-
strated little or no respiratory protection while outside their
rooms, and RTRs, construction workers, and debris shared
the same elevators.

The intensive care unit, where RTRs resided immediately
posttransplant, was depressurized with air flowing into the
patient area from the outside corridor. RTR patient rooms
did not have high efficiency particulate air filtration. The
transplant team reported that immunosuppression regimens
were altered for RTR, on an individual basis, by the trans-
plant surgeon. The use of sirolimus had increased fivefold in
the 2 months before the outbreak. No other changes in pa-
tient care procedures or staffing were noted.

DNA fingerprinting analysis revealed that the Aspergillus
isolates from patients 5 and 6 had indistinguishable profiles;
two environmental isolates had genotype matches; however,
no genotype matches were observed between environmental
and clinical isolates (Fig. 1).

This investigation suggests that severely immunocompro-
mised RTRs can be at an increased risk for IA. The small
number of cases limited our ability to control for potential
confounders using multivariate analysis or more extensive
stratification. Nonetheless, known markers of immunosup-
pression, such as prolonged dialysis, high-dose corticosteroid
treatment, and the use of sirolimus with mycophenolate (a
regimen not approved by the Food and Drug Administration),
was strongly associated with IA among RTRs. Six of seven
RTRs (86%) with IA died, a rate similar to that seen for
HSCT recipients who develop IA (3). This high mortality is
striking when contrasted with the normal 1-year survival of
RTRs (8).

As mold spores are ubiquitous, and construction in hospi-
tals is a common occurrence, the implementation of estab-
lished infection-control measures to decrease exposure to
airborne spores has limited the number of outbreaks of IA
among high-risk patients. Noncompliance with these guide-
lines during hospital construction may have exposed suscep-
tible patients to high levels of Aspergillus spores (7). Health
care-related outbreaks of IA have been associated with con-
struction work or with defective air filtration (1). Because
most of the RTRs who developed IA were discharged and
readmitted multiple times from hospital X, exposure to As-
pergillus in the community cannot be excluded (1). This study
did not detect a significant association between construction-
related factors and development of IA, which could be the
result of many factors, including the small number of cases
involved and the difficulty in measuring environmental ex-
posures. However, the clustering of RTRs with IA and the
indistinguishable DNA fingerprints from two patients sug-
gests transmission from a common source, likely the hospital.
The lack of genotypic matches between environmental and
clinical isolates is consistent with the knowledge that A.
fumigatus has a genetically diverse population (1).

Although few data exist regarding the effectiveness of IA
prophylaxis among solid-organ transplant recipients, chemo-
prophylaxis with itraconazole was recommended for high-

risk RTRs to prevent further episodes of IA in this outbreak.
A recent study found that itraconazole solution may be effec-
tive in preventing IA in neutropenic patients (9). However,
until data from controlled clinical trials are available, itra-
conazole chemoprophylaxis to prevent IA in RTRs should be
considered in select situations, such as ongoing outbreaks.

We recommended compliance with proven environmental
protective measures that follow the Healthcare Infection Con-
trol Practices Advisory Committee guidelines, such as appro-

FIGURE 1. DNA fingerprinting of clinical and environmental
Aspergillus fumigatus isolates. (*) Isolates from patients with
invasive aspergillosis outside the study period (January
1–February 5, 2001) with indistinguishable DNA fingerprints.
Environmental isolates shown are representative of samples
taken.
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priate placement of impermeable barriers, the use of high-
efficiency particulate air filters in HVAC systems, N95
respirator use by patients when traveling through potentially
contaminated areas, preventing traffic between construction
and patient care areas, and designating one elevator for the
exclusive use of construction workers and debris removal (7).

Larger studies are needed to determine if sirolimus has an
independent role as a risk factor for IA; this specific association
has not been previously described (10). However, our investiga-
tion suggests that RTRs, who generally are not considered to be
at risk for IA, are indeed susceptible when immunosuppressed.
These patients would benefit if hospital infection control per-
sonnel had advanced warning of construction so that estab-
lished guidelines for prevention of IA could be implemented
during construction activities in hospitals.
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OUTBREAK OF PSEUDOMONAS AERUGINOSA BY MULTIPLE
ORGAN TRANSPLANTATION FROM A COMMON DONOR1
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Transmission of bacterial infections from donor to
recipient may occur with donor bacteremia. We de-
scribe a novel mechanism for transmission of Pseudo-
monas to multiple recipients through direct contami-
nation of a donor innominate artery graft. Patient
data were collected by chart review from the donor
and the kidney, kidney-pancreas, heart, lung, and
liver recipients. The donor was not bacteremic but
had P. aeruginosa isolated from routine tracheal cul-
tures. Spillage of tracheal contents onto the innomi-
nate artery and subsequent contamination of intra-
abdominal organs likely occurred. Vascular
anastomotic infections with graft loss caused by
Pseudomonas occurred in three patients (liver, kid-
ney, and kidney-pancreas), and the lung patient devel-
oped severe pneumonia. All Pseudomonas isolates
were identical by molecular typing. Donors may trans-
mit bacterial infections to multiple recipients by
mechanisms other than donor bacteremia. Although
donor tracheal cultures are commonly positive, in cer-

tain settings antimicrobial treatment of recipients
may be needed.

Transmission of bacterial pathogens from an organ donor
to the transplant recipient is an important consideration
during transplantation. This may occur by several mecha-
nisms, including active donor infections such as bacteremia
and pneumonia, contamination of organ preservation fluids,
and contamination during the technical procedure of organ
retrieval and transplantation. Bacterial infections directly
acquired from at least some of these mechanisms are well
described and may lead to serious sequelae in recipients
(1–4). One of the most threatening infections can be attrib-
uted to bacterial seeding of vascular anastomotic sites, usu-
ally from a bacteremic donor. This may result in vascular
anastomotic disruption leading to serious consequences in-
cluding graft loss and death (1).

As noted previously, another potential mechanism by
which bacteria may be transmitted from the donor to the
recipient is by contamination of organs and vessels during
organ retrieval. Although this has not been previously de-
scribed, the evolution and development of new surgical tech-
niques may unknowingly result in new modes of transmis-
sion of infections. Recently, the use of an innominate artery
jump graft was reported as a method of simplifying the portal
venous and enteric exocrine drainage method in pancreas
transplantation (5). In this technique, used at our center, the
donor innominate artery is harvested and used as an inter-
position jump graft from the iliac artery to facilitate position
of the pancreas for enteric drainage and portal venous anas-
tomosis. We describe a complication in which spillage from
the transected donor trachea resulted in contamination of
several organs, including an innominate artery graft. This
led to vascular anastomotic infection in multiple recipients
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