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Abstract

Background—Healthcare associated mold infections (HAEMI) increase morbidity and mortality
in children with leukemia. Excavation adjacent to Children’s Medical Center Dallas (CMCD)
April 2006-February 2007 provided an opportunity to determine if excavation adjacent to a
hospital building is associated with increased risk of developing HAEMI in children receiving
intensive chemotherapy for acute leukemia.

Methods—Children who began receiving intensive chemotherapy for acute leukemia at CMCD
from 2004-2008 were identified (N=275). Exposures to the CMCD campus during intensive
chemotherapy and duration of neutropenia per exposure were recorded. Proven, probable or
possible invasive fungal disease (IFD) was classified using EORTC/MSG guidelines. Institutional
guidelines categorized mold infections as definite or possible HAEMI. A bivariate time-to-event
model compared the association of excavation with HAEMI and yeast infections, controlling for
neutropenia.

Results—There were 7454 CMCD exposures, 1007(13.5%) during excavation. Of 50 cases of
IFD, 31 were HAEMI. By time-to-event analysis exposure to the CMCD campus during the
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excavation period was significantly associated with HAEMI (HR=2.8, P=0.01) but not yeast
infections (HR=0.75, P=0.75). Neutropenia was significantly associated with both HAEMI and
yeast infections (P<0.001). Voriconazole prophylaxis did not prevent HAEMI in 42% of the 14
patients with AML who had been receiving this agent.

Conclusion—This study is the first to demonstrate an association between exposure to hospital
construction that includes excavation and HAEMI in pediatric oncology patients. Since
neutropenic patients need protection from aerosolized fungal spores during visits to expanding
medical centers, preventive strategies with adherence monitoring need additional study.
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INTRODUCTION

Aggressive chemotherapeutic regimens have improved long-term survival for pediatric
cancer patients to nearly 80% [1], but one consequence has been an increase in the incidence
of invasive fungal disease (IFD) [2, 3]. Patients receiving therapy for acute leukemia have
several risk factors for developing IFD: 1) presence of long term central venous catheters; 2)
frequent episodes of prolonged, severe neutropenia; 3) frequent and prolonged exposure to
broad-spectrum antibiotics; 4) therapy with high-dose corticosteroids; 5) hyperglycemia; 6)
mucositis; and 7) frequent, prolonged exposure to the healthcare environment [4-9]. To
date, the largest study of pediatric patients with cancer reported that 67% of IFD occurred
during therapy for acute leukemia with 11-year cumulative incidence rates of 9 and 10% for
patients with acute myeloid leukemia (AML) and acute lymphoblastic leukemia/lymphoma
(ALL), respectively [10]. Yeast infections result from intrinsic organisms present on host
mucosa, most frequently Candida spp., that invade the bloodstream. In contrast, mold
infections result from exposure to spores of extrinsic environmental pathogens, most
frequently by inhalation. Historically, Aspergillus spp. have been the most frequently
identified molds. Recently, molds isolated from cancer patients have been more varied and
include Fusarium, Scedosporium, Zygomycetes, Bipolaris, Paecilomyces, Exserohilum
species, etc.[11, 12].

The increased risk of IFD in immunocompromised patients exposed to aerosolized mold
spores in hospital environments during periods of construction at adult health care facilities
is well documented [13-17]. Children’s Medical Center Dallas (CMCD) underwent major
renovation from 2006-2008, including an excavation of the grounds (April 1, 2006-January
31, 2007) for construction of a new tower connected to the existing buildings. This study
was designed to ascertain whether the risk of developing healthcare associated
environmental mold infections (HAEMI) in children receiving intensive chemotherapy for
acute leukemia who were exposed to CMCD, either as inpatients or ambulatory patients,
was increased during the excavation period, despite recommendations issued by the
Infection Prevention and Control Department, intended to reduce the exposure of these high
risk patients to mold spores. Our study evaluated the association between exposure to
hospital construction and the risk of developing HAEMI in pediatric oncology patients by
comparing the risk of developing HAEMI with that of invasive yeast infections that are also
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increased by prolonged neutropenia, but not by exposure to spores associated with
excavation.

PATIENTS and METHODS

Patients

We identified a retrospective cohort of all patients who received therapy for ALL or AML at
CMCD from January 1, 2004 to December 31, 2008. Intensive therapy was defined as the
period from the initiation of Induction to the beginning of Maintenance therapy for patients
with ALL. National Cancer Institute (NCI) standard risk ALL patients included those who
were 1-9 years old at diagnosis and had initial white blood cell count <50,000 cell/mm3.
NCI high-risk ALL patients included those who were <1 year or >10 years old at diagnosis
or those who had initial white blood cell count >50,000 cell/mm3. For patients with AML,
intensive therapy began with Induction and continued until recovery of an absolute
neutrophil count (ANC) of 500 cell/mm3 after their final course of chemotherapy. The
Institutional Review Board of the University of Texas Southwestern Medical Center at
Dallas approved the study.

Infection Prevention and Control (IPC) Precautions

To minimize mold exposure during excavation, the following precautions were
recommended by the IPC Department [18-21]: 1) Windows of the existing adjacent building
were resealed before excavation began; 2) Construction crews were instructed to maintain
the excavation site in a moist state to reduce the quantity of aerosolized mold spores; 3) Air
handling systems were optimized as follows: a) The inpatient oncology/hematopoietic stem
cell transplant (HSCT) and intensive care units had central high-efficiency particulate air
(HEPA) filtered air handling units with redundant units programmed to turn on in the case of
equipment failure; b) The outpatient clinic was equipped with portable HEPA filters in
rooms and hallways until December 2007 when the move to a different building provided
central HEPA filtration; and c) Portable HEPA filters were placed in the rooms of
neutropenic oncology patients admitted to hospital floors without central HEPA filtration
and patients were confined to their rooms; 4)When travelling out of HEPA-filtered areas for
diagnostic or therapeutic procedures, an N-95 respirator was placed on high risk patients; 5)
Oncology and HSCT unit staff were encouraged to enter and exit the hospital via enclosed
sky-bridges to avoid contamination of clothing and shoes with spores emanating from the
construction site; 6) Families were given N-95 respirators and instructed to place them on
the patient upon arrival at the CMCD campus before exiting the vehicle and until arriving to
a HEPA-filtered area; and 7) An “Infection Control Valet” parking service was provided for
all oncology patients, immediately adjacent to the hospital entrance, to reduce environmental
exposure during walks from the parking garage. Audits of adherence to the recommended
use of N-95 respirators and “Infection Control Valet” use were not performed.

Antimicrobial prophylaxis

The only prophylactic anti-bacterial agents received by the patients included in this study
were oral trimethoprim-sulfamethoxazole, inhaled or intravenous pentamadine for
prevention of Pneumocystis jiroveci. Infants with ALL received protocol directed
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fluconazole prophylaxis. Voriconazole prophylaxis was initiated for all patients with AML,
beginning in September 2007 [22]. Previously, patients with AML received fluconazole
prophylaxis per physician preference. Granulocyte colony stimulating factor was used as
directed by protocol.

Data Collection

Baseline data collected on all patients included gender, ethnicity, age at diagnosis of
malignancy, the type of malignancy and treatment plan. We reviewed patient records for all
exposures to CMCD that occurred during intensive chemotherapy. Exposures included every
outpatient visit and hospitalization. The duration of each exposure and the duration of severe
neutropenia was determined for each exposure. Severe neutropenia was defined as an ANC
below 500cell/mm? or if the patient had not achieved a complete remission regardless of
ANC. During each exposure, the presence of other risk factors for developing IFD was
recorded: number of days receiving intravenous broad-spectrum antibiotics; mucositis;
hyperglycemia (serum glucose 2200mg/dL); and the administration of corticosteroids. Data
collection stopped when patients developed a mold infection, transferred to another facility,
received a hematopoietic stem cell transplant, relapsed or died before completing intensive
therapy or completed intensive therapy in first remission. Additional data were collected on
patients who developed IFD: the treatment phase, the pathogen and extent of disease,
additional risk factors, antifungal medication(s) used and length of therapy, outcome of the
IFD, any delays in treatment of the underlying malignancy, and the patient’s status at the
time of analysis (alive, death from IFD or complications of IFD therapy, death from other
causes).

All diagnostic studies for IFD were reviewed and days of antifungal therapy were recorded
for each patient. Our standard practice is to initiate antifungal coverage and evaluate for IFD
when: 1) A severely neutropenic patient remains febrile on the 5 day of an admission for
fever and neutropenia; 2) A severely neutropenic patient defervesces and then develops new
fever [23] or develops clinical signs suggestive of IFD. Evaluations include a computerized
tomography scan (CT) of the chest without intravenous (V) contrast, an abdominal
ultrasound, and biopsy and/or cultures of suspicious lesions or drainage. A fiber-optic nasal
evaluation at the bedside by an attending staff otolaryngologist was done sporadically until
November 2006 when it became standard practice for evaluation of prolonged fever and
neutropenia. Additional imaging, bronchoalveolar lavage specimens, lung and other tissue
biopsies were obtained when clinically indicated and considered safe.

Classification of IFD

We identified patients who developed proven, probable, or possible IFD using the most
recent guidelines of the European Organization for Research and Treatment of Cancer and
the National Institute of Allergy and Infectious Diseases Mycoses Study Group (EORTC/
MSG) [24]. Since no consensus guidelines existed for classifying mold infections as
healthcare associated (HAEMI) or community acquired, in 2003, the CMCD Infection
Prevention and Control Department developed institutional guidelines to classify mold
infections as definite or possible HAEMI. Patients with definite HAEMI had a proven
invasive mold infection with initial signs and symptoms appearing for the first time during a
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hospitalization > seven days after admission or within seven days of a previous
hospitalization. Mold infections were classified as a possible HAEMI 1) if they were
possible or probable invasive infections with initial symptoms that first appeared after day
seven of a hospitalization or if there were = 2 clinic visits in the past 2 weeks or 2) Proven
mold infections when initial signs and symptoms may have been present at admission or
developed within 7 days of hospitalization and/or with a history of 2 clinic visits in the
previous 2 weeks, but no diagnostic testing was performed and no other exposure was
identified. All IFD cases were jointly reviewed and classified by Oncology and Infectious
Disease physicians and members of the IPC staff.

We used a bivariate time-to-event model to assess the evidence that development of a
HAEMI during intensive therapy was associated with excavation at CMCDJ[25]. This model
simultaneously estimated the excavation hazard rates for HAEMI and invasive yeast
infections by fitting a proportional hazards model to the observed times to development of
either type of infection. Indicators for excavation and neutropenia were used as time-
dependent covariates. We used the robust covariance estimate aggregated over patient 1D, to
account for observations of the same patient in both strata of the bivariate time-to-event
model [26] To visualize the incidence of HAEMI and yeast infections over time, we fita
discrete proportional hazards model to the weekly event data, expanding calendar week in a
quadratic spline basis with 8 knots placed uniformly across percentiles of the data. SAS/
STAT® software, version 9.2, was used for all analyses.

We identified 275 patients who received intensive chemotherapy at CMCD for acute
leukemia from 2004-2008 (Table 1). Ninety-three percent (257) of patients received all of
their intensive chemotherapy at CMCD. The study population included an almost equal
gender distribution and several racial and ethnic groups were represented (Table 2). Of 7454
CMCD exposures, 1007 (13.5%) occurred during excavation.

There were 50 cases of proven (n=34) or possible (n=16) IFD in 275 patients (18%) (Table
3). IFD was more common in patients with AML and NCI high-risk ALL (cumulative
incidence 41% and 21% respectively). Thirteen (26%) cases of IFD were yeast infections:
proven (n=12) or possible (n=1), with all proven infections caused by Candida spp. (Figure
1). Thirty-seven (74 %) cases of IFD were caused by molds: 22 proven and 15 possible.
Among patients with mold infections, eight had multiple sites of involvement, 17 lung only,
seven sinus only and five another single site of disease. Thirteen cases of mold infections
were initially diagnosed by nasal fiber-optic endoscopy. In addition to Aspergillus spp,
several other pathogenic molds were identified (Figure 1). Thirty-one mold infections were
classified as being possible (n=23) or definite (n=8) HAEMI. The six community-acquired
mold infections were not included in the time to event analysis, but were included in the
descriptive summaries.

Time-to-event analysis, controlling for neutropenia, found that excavation exposure was
significantly associated with HAEMI (HR=2.8, P=0.01) but not with yeast infections
(HR=0.75, P=0.78). Each day of neutropenia was significantly associated with the
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development of both yeast and HAEMI (HR=1.1, P<0.001). When hyperglycemia,
mucositis, antifungal prophylaxis and steroid treatment were added to the model, exposure
to excavation continued to be significantly associated with developing HAEMI (HR=2.6,
P=0.03) but not yeast infections (HR=0.69, P=0.73) and neutropenia continued to be
significantly associated with both HAEMI and yeast infections (HR=1.1, P <0.001), but
none of the other variables in the model were significantly associated with developing
HAEMI or yeast infections (all P>0.4).

Figure 2 illustrates the incidence of HAEMI and yeast infections in neutropenic patients
throughout the study period. During the excavation period, there is a prominent peak in
HAEMI incidence with no concurrent peak in incidence of yeast infections. Following the
excavation period, HAEMI and yeast infections rise and fall concurrently.

The median length of severe neutropenia at the time of IFD diagnosis was 16 days (range 0—
35 days). The median duration of antifungal therapy in IFD cases was 162 days (range 8-
990 days). Sixteen of the 50 (32%) patients with IFD died; eleven deaths (69%) occurred in
patients with mold infections. Ten of the 16 deaths (62.5%) were attributed to progressive
IFD, complications of IFD therapy or relapse attributed to chemotherapy modifications
(Table 4). Six deaths were not related to IFD (Table 4). The diagnosis of IFD required major
changes to planned chemotherapy in 36% of cases (18/50). Five patients received less
intensive chemotherapy and 13 patients received no further intensive chemotherapy. Four of
these 18 patients developed recurrent leukemia, and died.

Twenty-two patients (5 infants with ALL and 17 with AML) had been receiving fluconazole
prophylaxis. Four (18%) patients, all with AML, developed IFD: two cases of proven
invasive Candidiasis, one case of proven disseminated Fusariosis, and one case of proven
infection with Aspergillus and Scedosporium spp. VVoriconazole prophylaxis was given to 14
patients with AML and six (42.9%) of these patients developed a mold infection. In this
group, there were three possible mold infections (CT scans with pulmonary nodules
consistent with mold etiology), and one case each of proven Aspergillosis, Bipolarisand
Zygomycetes infections. No yeast infections occurred in patients receiving voriconazole
prophylaxis.

DISCUSSION

This study linked hospital excavation to incident HAEMI in pediatric oncology patients.
Despite the prospective recommendations for measures designed to reduce the risk of mold
exposure while on the CMCD campus, excavation was found to be significantly associated
with increased risk of developing HAEMI. Our data support the findings of previous studies
in adults that demonstrate a temporal relationship between hospital construction and an
increased incidence of HAEMI and those of previous studies in children demonstrating the
association of prolonged, severe neutropenia with the development of IFD caused by both
yeasts and molds [4-6].

We cannot be certain if the recommended environmental safeguards were ineffective
because we did not monitor adherence. Lehrnbecher et al have demonstrated that pediatric
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oncology patient adherence to anti-infection precautions is highly variable [27]. Improving
family education and monitoring adherence will likely enhance the effectiveness of known
preventive measures in the future. Recent publications have demonstrated the effectiveness
of infection prevention and control measures to reduce the risk of HAEMI during
construction when there is collaboration among infection prevention and control,
construction, and oncology staff members [28, 29].

It is important to note that even after the excavation was completed, there were other
construction-related activities in progress until the new tower was completed. In September
2008, an invited external environmental consultant observed changes in building
pressurization that could have potentially allowed airflow from the new tower during
construction into the existing adjacent tower that housed oncology patients. This could
potentially explain the spike in HAEMI noted in late 2008. Additionally, mold species
similar to those that caused disease in patients were recovered from air sampling of the
physical therapy gym and selected patient rooms. Finally, Figure 2 shows that HAEMI and
yeast infections rise and fall concurrently following the excavation period, suggesting that
variation in host susceptibility was a contributor.

Six of 14 (42.9%) patients with AML who received voriconazole prophylaxis developed
mold infections. Three cases did not have an etiologic agent confirmed and one was caused
by Zygomycetes, a mold known to emerge following the use of voriconazole
prophylaxis[30-33]. VVoriconazole levels were not routinely evaluated until September of
2011. Thus, explanations for failure of voriconazole prophylaxis include poor patient
adherence, inadequate dosing resulting in sub therapeutic serum concentrations, or selective
pressure leading to emergence of molds that are resistant to voriconazole. Continued
surveillance is required in order to further define the risk of emergence of resistant molds in
patients receiving voriconazole prophylaxis when therapeutic serum levels are achieved.

The limitations of this study include 1) the retrospective nature of the study; 2) inclusion of
possible and probable as well as proven mold infections, as defined by EORTC/MSG
guidelines; 3) absence of biopsy material in many patients; and 4) the infrequency of
obtaining autopsies, since some IFD may be diagnosed only at autopsy[34]. In addition,
defining the exact time of onset of symptoms, prior to diagnosis of a mold infection, was
often challenging due to the nonspecific nature of clinical presentation and the uncertainty of
incubation period; therefore, some infections may have been misclassified as HAEMI. Spore
concentrations in the air outside of CMCD were not measured before, during and after the
excavation. However, it is well established that excavation is associated with increased
spore concentrations in the surrounding air [35, 36]. In addition, there may have been
unprotected environmental exposures that were not recorded in the medical record, (e.g.,
trips to radiology or other hospital locations lacking HEPA-filtered air without wearing N—
95 respirators). Another limiting factor is that there were dust-producing construction and
renovation projects and occasional episodes of water leaks throughout our hospital before
the initiation and after the completion of the excavation phase of construction and specific
patient exposures were impossible to ascertain. Although hospital policies required the
construction of appropriate barriers for dust — producing activities and prompt remediation
of water leaks that did not dry within 72 hours, undetected breaches may have occurred.
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Lastly, the routine incorporation of direct nasal endoscopy during the last three months of
the initial excavation period may have improved our ability to identify cases of proven
invasive mold infections and the routine administration of voriconazole to patients with
AML, beginning after the completion of the initial excavation phase may have reduced the
incidence of yeast infections.

Despite these limitations, our study has several strengths. To reduce selection bias we
identified a large, well-characterized cohort and all eligible patients were analyzed.
Established diagnostic criteria were used to identify and describe IFD. All IFD cases were
reviewed and classified jointly by staff from Oncology, Infectious Disease and IPC. The
validity of our results is strengthened by the fact that our findings are consistent with
previous studies that demonstrate that neutropenia is significantly associated with any type
of IFD [4-6] and findings in adult oncology populations.

In conclusion, pediatric oncology patients receiving intensive chemotherapy for acute
leukemia are at increased risk for developing IFD during periods of severe neutropenia.
Exposure to hospital construction that includes excavation is associated with an increased
risk of developing HAEMI but not yeast infections. Since construction is inevitable at most
U.S. medical centers, future studies are needed to determine how to achieve increased
adherence to recommended preventive measures, to develop and validate new environmental
preventive strategies, to improve diagnostic testing for mold infections, to increase rates of
obtaining biopsy and autopsy specimens, and to assess the effectiveness of prophylaxis with
newer antifungal agents. Prevention of exposure to mold spores is the optimal strategy for
prevention of HAEMI.
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Fig. 1.
Proven cases of IFD in study population. All proven yeast infections were due to Candida

spp while a variety of mold pathogens were identified.
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Fig. 2.

Incidence of HAEMI (dashed curve) and yeast infections (solid curve) in neutropenic
patients throughout the study period with superimposed HAEMI (bottom circles) and yeast
infection (top circles) events. The excavation period is indicated by vertical dashed lines.
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TABLE Il

Baseline and Clinical Characteristics of Patients (N=275)

Characteristics Number of Patients (%)
Gender
Male 142 (51.6)
Female 133 (48.4)
Race
Caucasian 120 (43.6)
Hispanic 114 (41.4)
African American 28 (10.2)
Asian 8(2.9)
Other 5(1.8)
Diagnosis
Standard Risk ALL 112 (40.7)
High Risk ALL 102 (37.1)
Lymphoblastic Lymphoma 12 (4.4)
AML 49 (17.8)
Antifungal Prophylaxis
None 239 (86.9)
Fluconazole 22 (8.0)
Voriconazole 14 (5.1)
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TABLE Il

Invasive Fungal Disease in Study Population

Invasive Fungal Disease (N=50)

Proven Yeast 12

Possible Yeast 1

Proven Mold 22

Possible Mold 15
HAEMI (N=31)

Definite HAEMI 8

Possible HAEMI 23

HAEMI, Healthcare Associated Environmental Mold Infections
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TABLE IV
Deaths in Patients Diagnosed with IFD
Cause of Death Deaths (N=16)
Complications of mold infection 9

. Progressive IFD
. Toxicity of IFD therapy
. Relapse attributed to reduced chemotherapy due to IFD

Progressive yeast infection
Relapse unrelated to IFD
Secondary AML

Liver failure due to Asparaginase toxicity

N RN e

Liver failure due to Adenovirus

IFD, Invasive Fungal Disease; AML, Acute Myeloid Leukemia
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