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In-Hospital Transfer Is a Risk Factor for Invasive Filamentous
Fungal Infection among Hospitalized Patients with Hematological

Malignancies: A Matched Case-Control Study

Angèle Gayet-Ageron;1,2,* Anne Iten;1,* Christian van Delden;3 Natacha Farquet;1 Stavroula Masouridi-Levrat;4

Elodie Von Dach;1 Yves Chalandon;4 Didier Pittet1

objective. Immunocompromised patients now benefit from a longer life expectancy due to advanced medical techniques, but they are also
weakened by aggressive treatment approaches and are at high risk for invasive fungal disease. We determined risk factors associated with an
outbreak of invasive filamentous fungal infection (IFFI) among hospitalized hemato-oncological patients.

methods. A retrospective, matched, case-control study was conducted between January 1, 2009, and April 31, 2011, including 29 cases
(6 proven, 8 probable, and 15 possible) of IFFI and 102 matched control patients hospitalized during the same time period. Control patients
were identified from the hospital electronic database. Conditional logistic regression was performed to identify independent risk factors for IFFI.

results. Overall mortality associated with IFFI was 20.7% (8.0%–39.7%). Myelodysplastic syndrome was associated with a higher risk for
IFFI compared to chronic hematological malignancies. After adjustment for major risk factors and confounders, >5 patient transfers outside the
protected environment of the hematology ward increased the IFFI risk by 6.1-fold. The risk increased by 6.7-fold when transfers were performed
during neutropenia.

conclusion. This IFFI outbreak was characterized by a strong association with exposure to the unprotected environment outside the
hematology ward during patient transfer. The independent associations of a high number of transfers with the presence of neutropenia
suggest that affected patients were probably not sufficiently protected during transport in the corridors. Our study highlights that a
heightened awareness of the need for preventive measures during the entire care process of at-risk patients should be promoted among
healthcare workers.
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Invasive filamentous fungal infection (IFFI) is a devastating
opportunistic infection responsible for a large number of
complications and deaths among immunocompromised
patients.1,2 The ubiquitous presence of filamentous fungi in
the environment, such as Aspergillus species, has the potential
to lead to IFFI in the severely immunocompromised, parti-
cularly patients with hematological malignancies,3 patients
undergoing hematopoietic stem cell transplant (HSCT), or
solid organ transplant recipients.4 The reported mortality
rate of IFFI ranges from 50% in patients with leukemia or
lymphoma to 87% in HSCT patients.1 IFFI is a constant
preoccupation in immunocompromised patients regularly

hospitalized and exposed to aggressive treatments. Apart from
individual risk factors, environmental factors (eg, hot windy
weather, high relative humidity, or the presence of construc-
tion work in and around medical care facilities) increase the
concentration of airborne fungal spores and the risk for IFFI
among susceptible patients.5–7 Routine surveillance and
systematic investigation of suspected outbreaks are crucial
to identifying failures in system care management and the
proposal of targeted corrective measures.
Based on a low incidence of IFFI at our institution,8–10 we

investigated a suspected outbreak following the occurrence of a
cluster of cases during summer 2010 in 2 wards housing
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patients admitted for hematological malignancies. The pur-
pose of this retrospective, matched case-control study was to
identify risk factors associated with IFFI.

methods

Study Design, Setting, and Population

A retrospective, matched case-control study nested in a cohort
of at-risk inpatients was performed between January 1, 2009,
and April 31, 2011, at the University of Geneva Hospitals,
Switzerland, an 1,800-bed tertiary healthcare center. Patients
undergoing allogeneic HSCT and those with hematological
malignancies are housed in 2 specialized hospital wards located
on the 5th (HSCT ward) and 7th floors (non-HSCT ward),
respectively.

Case Definition

We defined “proven,” “probable,” or “possible” IFFI according
to standardized definitions.11 All case definitions were assessed
by 2 investigators (CVD, YC).

Control Definition

Control patients were randomly selected from a list of patients
presenting predefined at-risk disease (ie, hematological
malignancies or bone-marrow failure syndromes) coded
according to the World Health Organization International
Classification of Diseases, version 10, or allogeneic HSCT
recipients. This list was obtained from the institutional
electronic record database of patients hospitalized during the
study period. The first 5 controls were randomly selected for
the same period of hospitalization before IFFI diagnosis in the
case (±2 months) to assess risk factors other than construction
work. Exclusion criteria for control patients were the presence
of IFFI before and during the outbreak.

Variables and Data Sources

Individual characteristics were extracted from patient records
and included a history of cytomegalovirus infection, pulmonary
disease, past severe neutropenia, active neutropenia during
hospital stay, underlying diseases, and prescription of antifungal
prophylaxis and/or immunosuppressive therapy. Chemotherapy
protocols were classified into 4 categories (from highly cytotoxic
to less cytotoxic), and the variable was dichotomized into
highly cytotoxic versus moderately to not cytotoxic, or no
chemotherapy. Underlying hematological diseases were classified
in 3 groups: (1) acute disease (eg, acute myeloid leukemia, acute
lymphoblastic leukemia or bone marrow failure syndrome);
(2) chronic disease (eg, chronic lymphatic leukemia, chronic
myeloid leukemia, non-Hodgkin lymphoma, Hodgkin lym-
phoma, multiple myeloma, or myeloproliferative neoplasms);
and (3) myelodysplastic syndrome. All variables were predefined
in a dedicated case report form completed by 4 investigators.

Between August 2008 and April 2011, several construction
and renovation projects were initiated at our hospital,
including the complete demolition and (ongoing) recon-
struction of an 8-floor block adjoining the main hospital
building. Although specific measures were introduced as
recommended,12–14 we suspected that transport from the
protected environment to other hospital areas might represent
a risk factor for IFFI. To evaluate this hypothesis, we obtained
the number of transfers as a proxy of construction work
exposure from the electronic patient database (ie, date, time,
and place of transfer).
We considered 3 study periods: (1) “before the epidemic”

(January 1, 2007, through December 31, 2008); (2) “during
the epidemic” (January 1, 2009, through April 31, 2011)
corresponding to the end of massive construction works; and
(3) “after the epidemic” (May 1, 2011, through May 31, 2013).

Environmental Surveillance

Air and surface sampling for bacterial and fungal counts in
the protected wards have been monitored monthly at our
institution since 1992. For the purpose of this study, we used
data from the active surveillance system before and after the
suspected outbreak, (ie, between January 1, 2007, and
December 31, 2013). Methods used for air, floor, and other
horizontal surface sampling are described elsewhere.9 Results
are expressed as colony-forming units per cubic centimeter
(cfu/m3) for air and colony-forming units per 25 square
centimeters (cfu/25 cm2) for surfaces.

Antifungal Prophylaxis and Empirical Treatment Strategies

Standard care in both wards included antifungal prophylaxis
with oral fluconazole (200 mg/day). Oral voriconazole was
used for empirical antifungal therapy for fever persisting
>5 days. Thoracic CT scans were performed when clinically
indicated or for persisting fever, and serum galactomannan
levels were monitored weekly.

Cost Analysis

Direct costs attributed to the outbreak included a switch from
fluconazole to antifungal prophylaxis covering filamentous
fungi. Costs related to additional preventive control measures
targeted at patients, visitors, and healthcare workers (ie, caps,
gowns, masks), environmental measures (ie, in-depth room
cleaning), and equipment costs (ie, door closure systems,
information brochures, and transport trolley). Direct costs did
not include the time and salaries of the investigators of the
outbreak.

Statistical Analysis

The total number of cases of IFFI was 29. We estimated that
50% of control patients would have >1 transfer during his or
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her hospital stay and that the correlation coefficient for expo-
sure between matched cases and controls would be 0.45.15 The
research hypothesis was a 4.5-fold increase in the odds of
having IFFI in the presence of≥5 transfers. With 5 controls per
case and an α error of 5%, the power of the study to show an
association was 80%.

All variables associated with an increased likelihood of IFFI
in univariate analysis at a significance level of P< .25 were
included in a multivariate conditional logistic regression
model using a forward stepwise procedure. For continuous
variables, we verified whether log-linearity was respected;
when it was not respected, variables were presented as
categorical. In the final multivariate model, we included a
limited number of risk factors to respect the number of events
per variable,16 but we forced into the model the number of
transfers and length of hospital stay, which are correlated with
the primary predictor. We performed the same analyses after
the exclusion of “possible” cases. We present odds ratios (ORs)
and their 95% confidence intervals (95% CIs). The percentage
of variance in outcome explained by the model was estimated
by calculating a pseudo-R2 value.

For environmental data, we used a non-parametric Kruskal-
Wallis test to assess whether mean air total counts and
Aspergillus spp. growth in air cultures were statistically sig-
nificant depending on the 3 study periods and stratified by
ward. We applied a Poisson regression to determine total
growth or the number of filamentous fungi using an interac-
tion term between study periods and the ward tested. A 2-sided
P value < .05 was considered statistically significant. The
analyses were performed using Stata intercooled IC 13.0
(StataCorp, College Station, TX).

results

Case Descriptions

A total of 29 cases were diagnosed between January 1, 2009,
and April 31, 2011 (Figure 1). Among these, 6 cases were
defined as proven IFFIs (20.7%), 8 as probable IFFIs (27.6%),
and 15 as possible IFFIs (51.7%). Most were diagnosed during
summer 2010 when the alert was raised. Overall mortality was
20.7% (95% CI, 8.0–39.7). A total of 6 deaths occurred among

proven cases (n= 4; 66.7%) and probable cases (n= 2; 33.3%).
Infection sites were pulmonary sites (n= 28) and the paranasal
sinuses (n= 1). Filamentous fungi included Aspergillus spp.
(n= 24), Acremonium spp. (n= 1), and Alternaria spp (n= 1).
Active surveillance data after the outbreak (between May 1,
2011, and May 31, 2013) revealed 2 additional proven IFFI
cases, 5 probable IFFI cases, and 4 possible IFFI cases
(Figure 1).

Matched Case-Control Investigation

Among 284 potential control patients, only 102 could be
matched to IFFI patients, for a mean of 3.5 controls per IFFI
case. Of these, 49 control patients were matched to “proven”
and “probable” IFFI patients. Control patients were hospita-
lized between November 1, 2008, and March 31, 2011. Table 1
shows the characteristics of IFFI patients and control patients.
IFFI patients tended to have more acute and aggressive
hematological diseases than control patients and to have
received cytotoxic chemotherapy more often in the previous
year. Corticosteroids were prescribed less often to IFFI patients
than to control patients in the 3 previous months. IFFI patients
were hospitalized for a longer period than control patients and
had more radiation therapy during their hospital stays. IFFI
patients developed severe neutropenia during hospital stay
more frequently than control patients and for a longer dura-
tion. The mean number of transfers was significantly higher
for IFFI patients, with more prescriptions for computed
tomography scans, magnetic resonance imaging, pulmonary
function assessment, and dermatology and/or stomatology
visits. Depending on the location within the hospital, patients
were transported through the lower ground floor corridors;
IFFI patients were exposed more frequently than controls. The
proportion of patients with transfers during an episode of
neutropenia was significantly higher among IFFI patients than
among control patients.
According to univariate analysis (Table 2, left), the odds of

developing IFFI increased significantly by 8.6-fold when the
number of transfers was >5. According to multivariate analysis
(Table 3, left), the adjusted odds of developing IFFI increased
by 6.1-fold when the number of transfers was >5. The odds of

figure 1. Epidemic curve of “proven,” “probable,” or “possible” invasive filamentous fungal infection between January 1, 2009, and April
31, 2011 and after the outbreak from May 1, 2011, to May 31, 2013, University of Geneva Hospitals, Geneva, Switzerland. The vertical
dotted line illustrates the initiation of active surveillance of invasive filamentous fungal infection cases.
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table 1. Socio-demographic and Clinical Characteristics of Patients with Invasive Filamentous Fungal Infection Compared with Control
Patients, University of Geneva Hospitals, Geneva, Switzerland, January 1, 2009, through April 31, 2011

Variables Cases (n= 29) Controls (n= 102) P Valuea

Sociodemographic characteristics
Gender, n (%) .20

Male 13 (44.8) 57 (55.9)
Female 16 (55.2) 45 (44.1)

Mean age, years (± SD, median) 55.1 (±9.1, 55.1) 55.8 (±17.9, 55.4) .72
Age during hospital stay, n (%) .78

< 55 y 14 (48.3) 48 (47.1)
≥ 55 y 15 (51.7) 54 (52.9)

Clinical variables
Mean length of hospital stay (± SD, median) 66.7 (±31.6, 58) 31.4 (±25.5, 27) < .001
Mean length of hospital stay, n (%) < .001

< 45 d 7 (24.1) 81 (79.4)
≥ 45 d 22 (75.9) 21 (20.6)

Hospitalization in the 3 previous months, n (%) 9 (31.0) 50 (49.0) .60
Hospitalization ward, n (%) .005

HSCT ward 12 (41.4) 24 (23.5)
Non-HSCT ward 10 (34.5) 15 (14.7)
Other ward 7 (24.1) 63 (61.8)

Primary disease and comorbidities
Underlying disease, n (%) .09

Acute hematological malignancies/BMFSb 15 (51.7) 41 (40.2)
Chronic hematological malignanciesc 7 (24.1) 47 (46.1)
Myelodysplastic syndrome 7 (24.1) 14 (13.7)

Comorbidities, n (%)
Past CMV infection 20 (69.0) 44 (43.1) .07
Chronic pulmonary disease 5 (17.2) 14 (13.7) .94
Diabetes mellitus 8 (27.6) 18 (17.7) .22
Solid cancer 5 (17.2) 13 (12.8) .65
Autoimmune disease 2 (6.9) 6 (5.9) .92
Chronic kidney disease 1 (3.5) 12 (11.8) .22

Previous episode of severe neutropenia, n (%)d 5 (17.2) 22 (21.6) .67
Severe neutropenia during hospital stay, n (%)d 28 (96.6) 39 (38.2) .001
Mean duration of neutropenia (± SD, median) 25.5 (±22.0, 19) 8.8 (±16.2, 2) < .001
Duration of neutropenia, n (%) < .001

0–7 d 5 (17.2) 66 (64.7)
7–21 d 12 (41.4) 22 (21.6)
> 21 d 12 (41.4) 14 (13.7)

Treatment variables
Corticosteroid use in the previous year, n (%) 5 (17.2) 46 (45.1) .01
Immunosuppressant in the previous year, n (%) 18 (62.1) 44 (43.1) .08
Use of cytotoxic chemotherapy in the previous year, n (%) .001

No 6 (20.7) 63 (61.8)
Yes 23 (79.3) 39 (38.2)

Graft before hospitalization, n (%) .048
No 13 (44.8) 66 (64.7)
Yes 16 (55.2) 36 (35.3)

Exposure outside the protected ward during hospital stay
Radiation therapy during hospital stay, n (%) 10 (34.5) 15 (14.7) .01
Hospitalization in intensive care unit, n (%) 4 (13.8) 11 (10.8) .58
Transfer outside the protective wards, n (%) 29 (100.0) 93 (91.2)
Mean no. of transfers (± SD, median) 7.1 (±3.8, 7) 3.7 (±3.3, 3) < .001
No. of transfers, n (%) < .001

< 5 7 (24.1) 71 (69.6)
≥ 5 22 (75.9) 31 (30.4)

Transfers in presence of neutropenia, n (%) < .001
No 9 (31.0) 76 (74.5)
Yes 20 (69.0) 26 (25.5)
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developing IFFI was independently increased with a length of
hospital stay >45 days and transfer during neutropenia and
tended to be associated with an underlying hematological disease.
In multivariate analysis, the odds of developing IFFI increased
by 5.9-fold when the number of transfers was >5 (P= .01), by
7.9-fold when the length of hospital stay was>45 days (P= .001),
and by 5.1-fold when cytotoxic chemotherapy had been used
during the previous year (P= .03).

When excluding “possible” cases, the odds of IFFI was
significantly increased by 16.7-fold when the number of
transfers was >5 (Table 2, right) in univariate analysis, but this
factor was not significant in multivariate analysis (Table 3,
right). After adjusting for the length of hospital stay and the
use of cytotoxic chemotherapy, the odds of developing an IFFI
tended to increase by 7.5-fold when the number of transfers
was >5 without reaching significance (P= .079).

Environmental Surveillance

Air cultures showed no significant difference in mean global
growth across the 3 study periods (P= .25) or inmean filamentous
fungi growth (P= .44). When stratified by ward (Tables 4a,b),
a significant difference was observed in mean air growth cultures
in the non-HSCTward, leading to a global significant difference of
mean air growth cultures between wards (Table 4a). There was no
difference between wards regarding specific Aspergillus spp.
growth (Table 4b). Notably, environmental surveillance is not
implemented in the corridors used to transfer patients from the
protective wards to elsewhere in the hospital.

Outbreak Management and Control

Due to the increased incidence of IFFI from January to July
2010, standard antifungal prophylaxis was changed from flu-
conazole 200 mg/day to voriconazole 400 mg/day for all
patients admitted to the 2 wards from July 2010 until July
2011, when the standard antifungal prophylaxis was changed
to posaconazole 200 mg/3 times per day until April 2013.

Caspofungine 50 mg/day was given in case of hepatic intoler-
ance. All ventilation filters were changed. An airlock
was installed in the entrance of the central corridor of the
non-HSCT unit, as well as an automatic closure system for the
doors of the standard rooms. Weekly environmental sampling
(air and surface) was performed to document the possible
presence of fungi in the protected wards. Additional cleaning
measures were put in place for isolation rooms, including any
computer equipment. Finally, preventive measures for at-risk
patients (well-fitting face masks, gowns, caps, transportation,
food, and objects made available to patients) were reinforced,
and a protected bed for patient transport was provided.
Additional costs of both preventive measures and treatment of
IFFI were estimated at US$2,191,104 between July 2010
and June 2011, representing an average of US$27,372 per
patient admitted; 74% of these costs were due to the change in
antifungal prophylaxis.

discussion

The occurrence of an outbreak of IFFI at our institution during
summer 2010 could be explained by a combination of factors.
The investigation confirmed our main hypothesis of an asso-
ciation between IFFI and exposure to construction work,
represented by an increased number of medical in-hospital
transfers during the hospital stay. IFFI was also independently
associated with the presence of neutropenia during transfer
and exposure to cytotoxic chemotherapy.
The relation between the occurrence of IFFI, especially

invasive aspergillosis, and the presence of construction work has
been well established.5,7,13,17–19 In brief, high concentrations of
airborne fungal spores imply a consecutive colonization of
pulmonary or sinus tissues and the subsequent development
of invasive infection, particularly among immunocompromised
hosts.20 Such an association has also been demonstrated in
patients who were not severely immunocompromised but were
possibly exposed to very large amounts of fungal spores or with
transient immunodeficiency.9,21 The US Centers for Disease

Table 1. Continued

Variables Cases (n= 29) Controls (n= 102) P Valuea

No. of transfers outside the main hospital building, n (%) 27 (93.1) 72 (70.6) .03
Returned home during hospital stay, n (%) 13 (52.0) 38 (37.6) .09
Outcomes
Vital status at the end of hospital stay, n (%) .09

Alive 22 (75.9) 90 (88.2)
Dead 7 (24.1) 12 (11.8)

NOTE. SD, standard deviation; CMV, cytomegalovirus; HSCT, hematopoietic stem cell transplantation.
aP values obtained from univariate conditional logistic regression models.
bAcute myeloid leukemia, acute lymphoblastic leukemia, BMF, bone marrow failure syndrome, such as aplastic anemia.
cChronic lymphatic leukemia, chronic myeloid leukemia, non-Hodgkin lymphoma, Hodgkin lymphoma, multiple myeloma, myeloproliferative
neoplasm.
dSevere neutropenia defined as an absolute neutrophil count <200 cells/μL.
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Control and Prevention have made several recommendations:
(1) avoid hospital construction and renovation areas whenever
possible; (2) use high-efficiency particulate air filtration, directed
room airflow, correctly sealed rooms, and a high rate of room air

exchange (>12 air changes/hour); (3) use barriers between
patient care and construction areas; and (4) use high-efficiency
masks on immunocompromised patients.22 Additional mea-
sures are recommended during building construction,6,12,14,23

table 2. Risk Factors for Invasive Filamentous Fungal Infection (IFFI) by Univariate Conditional Logistic Regression on All Cases (left)
and Restricted on “Proven” and “Probable” Cases (right) in the University of Geneva Hospitals, Geneva, Switzerland, January 1, 2009,
through April 31, 2011

All IFFI Cases (n= 29)
“Proven” and “Probable” IFFI

Cases only (n= 14)

Variables OR 95% CI P Value OR 95% CI P Value

Mean length of hospital stay < .001 .004
< 45 days 1.00 … 1.00 …

≥ 45 days 11.54 3.88–34.33 20.39 2.59–160.73
No. of transfers < .001 .008

< 5 1.00 … 1.00
≥ 5 8.61 2.85–26.00 16.68 2.07–134.22

Underlying diseases .12 .318
Chronic hematological malignancies 1.00 … … 1.00 … …

Acute hematological malignancies/BMFS 2.33 0.88–6.19 .09 2.00 0.60–6.70 .260
Myelodysplastic syndrome 3.25 0.93–11.38 .07 0.48 0.05–4.46 .515

Transfers in presence of neutropenia < .001 .007
No 1.00 … 1.00 …

Yes 8.06 2.67–24.35 17.08 2.16–135.33
No. of transfers in presence of neutropenia 1.36 1.16–1.54 < 0.001 1.05 1.01–1.09 .015
No. transfers in the presence of neutropenia < 0.001 .026

Never 1.00 … 1.00 … …

1–2 3.06 0.76–12.28 0.12 5.86 0.96–36.00 .056
≥ 3 10.01 3.20–31.31 < 0.001 11.76 1.77–78.20 .011

Use of cytotoxic chemotherapy in the previous year .001 .026
No 1.00 … 1.00 …

Yes 7.94 2.26–27.96 6.16 1.24–30.55
Hospitalization ward .03 .435

Other ward 1.00 … 1.00 …

Hemato-oncological ward 3.00 1.12–8.08 1.74 0.44–6.91
Duration of neutropenia < .001 .026

0–7 d 1.00 … … 1.00 … …

7–21 d 8.86 2.63–29.79 < .001 5.86 0.96–36.0 .056
> 21 d 11.21 2.97–42.34 < .001 11.76 1.77–78.20 .011

Corticosteroid use in the previous year .01 .241
No 1.00 … 1.00 …

Yes 0.28 0.10–0.77 0.47 0.13–1.66
Immunosuppressive therapy in the previous year .08 .08

No 1.00 … 1.00 …

Yes 2.08 0.91–4.77 3.41 0.84–13.75
Graft before hospitalization .048 .156

No 1.00 … 1.00 …

Yes 2.39 1.01–5.64 2.53 0.70–9.09
Transfer outside the main hospital building .03 …

No 1.00 … 1.00 …

Yes 5.30 1.18–23.84 NC …

Returned home during the hospital stay .09 .688
No 1.00 … 1.00 …

Yes 2.56 0.87–7.50 1.35 0.31–5.95

NOTE. CI, confidence interval; OR, odds ratio; BMFS, bone marrow failure syndrome; NC, statistical model did not converged due to null
number in one of the subgroups.
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including misting of the construction area with water to
minimize dust generation and protection of walkways from
demolition and/or construction sites. All of these recommen-
dations were strictly applied at our institution from the end of

2008, when several wards where exposed to construction work.
Protective measures were strengthened, and medical care teams
were instructed to recommend mask wear to immunocompro-
mised patients as soon as they arrived in the vicinity of the

table 4. Mean Total Growth (A) and Specific Aspergillus spp. Growth (B) on Air Cultures in the 2 Wards

A. Mean Growth on Air Cultures in CFU/m3 per Ward during the 3 Study Periods

HSCT Ward Non-HSCT Ward

Mean Growth in CFU/m3

(range, median) P Valuea
Mean Growth in CFU/m3

(range, median) P Valuea Global P Valueb

Before the epidemic 19.43 (0–220, 5) .63 9.43 (0–145, 5) < .001 < .001
During the epidemic 18.98 (0–205, 0) 18.44 (0–195, 5)
After the epidemic 28.87 (0–400, 0) 57.85 (0–450, 20)

B. Mean Growth of Aspergillus spp. in Positive Samples on Air Cultures in CFU/m3 per Ward during the
3 Study Periods

HSCT Ward Non-HSCT Ward

Mean growth in CFU/m3

(range, median) P Valuec
Mean growth in CFU/m3

(range, median) P Valuec Global P Valued

Before epidemic 2.27 (0–45, 0) .65 2.08 (0–10, 0) .55 .77
During epidemic 0.45 (0–5, 0) 0.83 (0–5, 0)
After epidemic 0.29 (0–10, 0) 0.46 (0–10, 0)

NOTE. CFU, colony-forming units; HSCT, hematopoietic stem cell transplantation.
aDue to nonnormal distribution, the Kruskal-Wallis test was applied.
bP value comparing the mean growth on air cultures between HSCT and non-HSCT wards adjusted for study periods
using Poisson regression.
cDue to nonnormal distribution, Kruskal-Wallis test was applied.
dP value comparing the count of positive growth on air cultures between HSCT and non-HSCT wards adjusted on
study periods using Poisson regression.

table 3. Risk Factors for Invasive Filamentous Fungal Infection by Multivariate Conditional Logistic Regression on All Cases (left) and
Restricted on “Proven” and “Probable” Cases (right) in the University of Geneva Hospitals, Geneva, Switzerland, January 1, 2009, through
April 31, 2011

All Cases (n= 29)a
“Proven” and “Probable”
Cases Only (n= 14)b

Variables OR 95% CI P Value OR 95% CI P Value

Mean length of hospital stay .001 .094
< 45 d 1.00 … 1.00 …

≥ 45 d 10.22 2.51–41.56 23.54 0.58–947.66
No. of transfers .03 .510

< 5 1.00 … 1.00 …

≥ 5 6.11 1.25–29.92 2.29 0.19–27.19
Underlying diseases .07 .896

Chronic hematological malignancies 1.00 … … 1.00 … …

Acute hematological malignancies/BMFS 2.84 0.69–11.59 .15 1.90 0.10–37.19 .673
Myelodysplastic syndrome 12.11 1.38–106.35 .02 2.69 0.03–224.36 .661

Transfers in presence of neutropenia .04 .062
No 1.00 … 1.00 …

Yes 6.66 1.09–40.66 14.24 0.87–232.21

aThe pseudo-R2 of the multivariate model on all cases was 0.58 (n= 131).
bThe pseudo-R2 of the multivariate model excluding “possible” cases was 0.66 (n= .63).
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hospital until they left the hospital. Windows of wards located
near construction sites always remained closed. Notably, the
outbreak occurred during the demolition in February 2010 of an
adjoining building and the construction of a new one on the
same site. In addition, a new large construction was built during
this time on a site near our facility. However, although mean
total growth on air and surface cultures were higher in the 2
wards after the occurrence of the outbreak, there was a lower
number of IFFI cases during this period, suggesting that the
preventive measures applied were effective. The only suspected
defect in preventive measures was the organization of patient
transfer outside the patient’s room. During specific transfers to
radiology or elsewhere, patients were transported through the
lower ground floor corridors of the hospital. Although all pre-
ventive measures were strictly applied in oncohematology, the
use of high-efficiency masks during transport had not been
strictly audited, and we suspect that this might explain the
increase of IFFI in patients exposed to airborne fungal spores
related to proximal construction areas.24,25 To test our hypoth-
esis, we quantified the total number of transfers for both IFFI
patients and control patients during their hospital stay and
during neutropenia; this analysis revealed a positive association
between IFFI and both variables. We were unable to retrieve any
information in medical records related to the use of specific
protective masks during patient transport. However, following
the outbreak, 2 medical students blindly observed 6 immuno-
compromised patients hospitalized in 1 of the 2 wards who all
failed the fit test.26 The independent associations of a high
number of transfers and the presence of neutropenia suggest that
IFFI patients were probably not sufficiently protected during
transport in the corridors. The combination of exposure to
fungal spores enhances the risk of IFFI.27,28

We are aware of several limitations of our study. First,
similar to other retrospective studies, we could not exclude the
existence of nondifferential information bias due to missing
data both in IFFI patients and control patients regarding the
use of a mask during transport outside the protected wards. To
counterbalance this lack of information and to test the
hypothesis for an association between IFFI and exposure to air
contamination by construction work, we used a surrogate
objective measure quantifying the number of transfers.
Although we had data on environmental surveillance in the
2 protected wards, we had no data regarding potential envir-
onmental contamination in the suspected corridors. Second,
antifungal prophylaxis was broadened to include filamentous
fungi from July 2010, but due to the matching of control
patients with IFFI patients on the period of hospitalization, it
did not bias the estimation of the association between IFFI and
the risk factors tested. Third, we categorized chemotherapy
into “highly aggressive,” “moderately aggressive,” and “less
aggressive” and dichotomized the variable into cytotoxic or
noncytotoxic chemotherapy. To minimize observer expecta-
tion bias, an independent physician (unaware of case-control
status) established this classification from the list of drugs
prescribed to patients. Finally, we did not observe any deaths

among possible cases, suggesting early diagnosis with
improved outcome or overdiagnosis of IFFI in the outbreak
context. The association between IFFI and transfer outside the
protected ward was preserved when excluding possible cases
but did not reach significance in the multivariate models due
to a lack of power.
Our results demonstrate that even if recommendations for

environmental control are applied in a well-organized teaching
hospital, process control should consider all steps of patient
care management, from hospitalization in a specific ward to all
interactions between the patient, various consultation services,
and the hospital environment. All healthcare workers inter-
acting with immunocompromised patients should receive
specific education regarding the preventive measures (espe-
cially the use of high-efficiency masks and control of their fit)
and behaviors to adopt in these specific situations. All of these
measures were reinforced after the investigation of the out-
break, and this led to a significant decrease in the number of
IFFI cases after May 2011.
In conclusion, IFFI represents an opportunistic complica-

tion of concern among immunocompromised patients with
hematological malignancies with a 21% (8%–40%) associated
mortality in our study and important extra costs. Intrinsic
individual risk factors seem difficult to control, but more
importance should be given to protective measures, especially
the use of a high-efficiency mask during transport outside the
protected environment of the dedicated ward and the avoid-
ance of unnecessary transfers.
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