Click HERE to go back to MoldAcrossAmerica

ASPERGILLUS SURVEILLANCE PROJECT AT A LARGE TERTIARY CARE HOSPITAL

By Luke Curtis1, Salvatore Cali1, Lorraine Conroy1, Kirk Baker1, Chia-Hao Ou1, Ronald Hershowz, Felice NorIock-Cruz1, and Peter Scheff'.

University of lllinois at Chicago. 'Department of Environmental and Occupational Health Science and > Department of Epidemiology, Chicago, lllinois

60612, USA.

Corresponding Author

Luke Curtis MS, CIH
University of lllinois at Chicago
1328 Greenwood

Wilmette, lllinois 60091 USA
(847) 256-3562

lukec@uic.edu

Keywords: Aspergillus, aspergillosis, hospital infections, ventilation, asp f1.

Running Title: HOSPITAL ASPERGILLUS SURVEILLANCE


http://www.moldacrossamerica.org/

Summary: A one year surveillance project was conducted at a large tertiary hospital which had extensive indoor renovation and extensive demolition/
building at several nearby sites. This study collected viable fungi samples in the hospital every six days and analyzed 74 duct dust samples for
Aspergillus fumigatus mycelial asp f1 protein. Mean total fungi (in colony forming units per cubic meter of air or cfu/m3) was 257.8 outdoors, 53.2 in all
indoor samples and 83.5 in patient rooms in the bone marrow transplant patient rooms. Mean total Aspergillus (cfu/m3) was 6.8 outdoors, 12.1 in all
indoor samples and 7.3 in the bone marrow transplant patient rooms. The five most prevalent Aspergillus species collected inside the hospital (mean
cfu/m3) were A. niger 7.57, A. candidus 1.72, A. flavus 0.97, A. fumigatus 0.88 and A. glaucus 0.45. In rooms undergoing duct cleaning, mean Aspergillus
fumigatus concentrations reached 11.0 cfu/m®. Forty-eight of 74 (65%) duct dust samples had measurable levels of asp f1 protein, with a mean level of

0.41 ppm and maximum level of 1.94 ppm.

Three major incidents involved increased hospital Aspergillus concentrations. Aspergillus niger levels reached 680 cfu/m® in one of the organ
transplant rooms following a small water leak from a ceiling pipe. Total Aspergillus concentrations rose to 77 cfu/m® in a bone marrow patient room
following improper sealing and water infiltration of the units dedicated HEPA system. Total Aspergillus levels of 160 cfu/m® were recorded in a renovation

area during wood cutting.

The significantly higher indoor concentrations of Aspergillus seen inside the hospital versus outdoors and these various moisture/HEPA filter/
renovation incidents argue against major infiltration of Aspergillus spores from outside and suggest that numerous small to moderate sources of
Aspergillus exist in the hospital. Approaches to controlling Aspergillus infections in hospitals must be multi-factorial and involve moisture/water control,

HEPA filters and sealed positive pressure rooms, environmental monitoring and medical surveillance and epidemiology of immunocompromised patients.



Introduction

The incidence of life threatening invasive Aspergillus infections has been increasing with increasing numbers of immunocompromised
bone/organ transplant patients and patients with leukemia, lymphoma and other malignancies. Incidence rates of invasive Aspergillus infection are about
17-26% in lung transplant patients, 5-24% in acute leukemia patients, 5-15% in allogenic bone marrow transplant patients, 2-13% in heart transplant
patients and 1-3% in lymphoma patients 2 Aspergillus fumigatus is the most common species found in invasive Aspergillus infections, although A.

, . . . . . 34
flavus, A. terreus, A. niger and other species also frequently cause invasive aspergillosis ™.

Even with intensive medical treatment and strong anti-fungal medications Aspergillus infections are often fatal. Denning ® studied 1,223 invasive
Aspergillus cases and reported crude mortality rates of 86%, 66% and 99% for pulmonary, sinus and cerebral aspergillosis. Aspergillosis has become the
leading infectious cause of death for bone marrow/ organ transplant patients. A large study of 2496 bone patients in a US tertiary cancer hospital reported
143 deaths due to invasive aspergillosis ® Invasive Asperygillus infections are hard to diagnose at an early stage although use of immunological testing

such as the PCR and ELISA may be somewhat useful 78,

Given the poor treatment outcomes in invasive aspergillosis, environmental control to prevent infection is critical. Aspergillosis has long been

known to be an airborne infection °, and construction work and increased dust loads have been associated with higher rates of airborne Aspergillus and
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nosocomial aspergillosis . Recent information suggests that hospital water supplies may also be an important vector for spread for aspergillosis ",



Several detailed studies have found Aspergillus spores in many parts of hospitals including shower heads4'6, dusty air conditions 7 , hospital plants 18,
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clothing ™ and other sources .

Several studies which have employed HEPA filters in the rooms of bone marrow transplant/ haematological malignancy patients have noted

1227 Some of these studies also employed additional

significant declines in both airborne levels of Aspergillus and in aspergillosis infection rates
controls for Aspergillus such as intranasal amphotericin B ? or use of sealed rooms, replacement of perforated ceiling tiles and dust accumulating blinds

and use of anti-fungal copper-8-quionolate paint 2

This year-long Aspergillus study was conducted at the request of a major tertiary care hospital which had about 200 bone marrow and organ
transplant patients per year. The hospital was concerned about possible Aspergillus infections due to renovation work inside the hospital and several
large demolition and building projects being undertaken within 1 kilometer of the hospital. The study involved air sampling for Aspergillus and other viable

fungi, dust sampling for asp f1 protein, and ventilation studies.



Materials and Methods

Andersen Sampling and Culture

A total of 842 bacterial and fungal samples were collected using an Andersen (Atlanta, Georgia) one-stage bioaerosol sampler (N-6) between
September 9, 1998 and September 16, 1999. For each air sample, 0.050 M to 0.400 M® of air was collected, depending upon the expected fungal

concentrations. The Andersen samplers were loaded with autoclaved malt extract agar medium for fungal isolation ad

During each sampling visit, a total of 16 air samples were collected in eight pairs. Sampling pairs were collected every six days as follows: 1) two
pairs of samples from patient rooms of two of the four units studied (cardiac ICU, AIDS ward, organ transplant, bone marrow transplant), 2) two pairs of
samples in the corridors of two the units collected than day, 3) one pair of samples inside rooms where either construction/ renovation or duct cleaning
was conducted, 4) one pair of samples just outside rooms where construction/ renovation or duct cleaning was conducted, 5) one pair of outdoor samples
from 9th floor rooftop, 6) 2 blank samples loaded onto air samplers, unloaded and cultured to test for sterility. During the following sampling period-
samples were taken from the ward not sampled earlier so that every unit was sampled every 12 days. A total of 64 days of sampling was performed. Of
these three sets were unusable due to problems with media or air collection equipment. One extra sampling period collected only six samples to confirm

high levels of Aspergillus previously seen in the study.

Samples were incubated at 25 °C for three days, after which time the number of viable fungal colonies were recorded. The samples were then

incubated for a further two to four days at 25 °C to allow maximum growth of isolates. Where confluent growth occurred by day five to seven, the three



day count was used. For samples with 20 or more viable spores per plate, a count correction factor was usgd to overcome the problem of undercounting

. . 29
as a result of more than one spore being present in each hole ~.

Fungal colonies were examined using a light microscope (100-1000x) and classified to genera with the help of standard references for fungal

30,31

identification . Species of Aspergillus, Penicillium and several other fungal genera were classified to species with the help of standard references for

31,32

Aspergillus, Penicillium and other species . Aspergillus with teleomorph forms (such as Eurotium Aspergillus glaucus) were included in the total

Aspergillus level.
Ventilation Characterization

The ventilation system was characterized through several interviews with hospital physical plant staff and by performing intermittent ventilation
measurements in a total of 30 patient rooms over 22 dates interspersed throughout the sampling period. The ventilation measurements were made with
an Alnor Balometer and/or a TSI Velocicalc thermo-anemometer air velocity measurement device at supply and exhaust grills.
Dust Sampling

Seventy-four dust samples were collected from portable HEPA vacuum bags used by hospital maintenance staff to clean the duct covers in

patient rooms and other areas. This bag samples were collected opportunistically and the sampling protocol was not directly tied to the airborne

sampling. The maintenance staff marked the duct cleaning bags by location and date, and the bags were transported to our laboratory. Approximately



100 milligrams of dust was taken out of each bag and analyzed using the Sandwich ELISA (Enzyme Linked7 Immunosorbent Assay) method of Arruda ®
This method measures the asp f1 protein which is found in the mycelia of Aspergillus fumigatus but not in the spores. Various concentrations of asp f1
protein standard and blanks were analyzed to get a standard curve to calculate asp f1 concentrations. Eight blank samples were analyzed and the

detection limit was set as 2 standard deviations higher than the blank samples.
Statistics

Differences between mean indoor and outdoor levels of fungi were determined by using a 2 tailed t-test with unequal variances. Differences in
fungi levels inside/ outside renovation areas and during activity/ no activity were determined by a 2 way ANOVA program. All statistical analyses were

done using SPSS 6.1 program (1994 SPCC, Incorporated- Chicago, lllinois, USA).
RESULTS:
Ventilation of Units

All four patient units had different ventilation configurations. All of them are humidified when necessary by steam sprayed into the systems

downstream from the supply fans, and dehumidified when necessary by the respective cooling coils in each system.

The Cardiac Intensive Care is supplied by ceiling supply and exhaust vents. These are fed with 100% fresh air conditioned for heat by heating

coils above the ceiling, and cooled by a chiller located near the air handling unit for that area.
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The AIDS treatment area is ventilated by window induction units supplied with air from a dedicated fan. The air is expelled to the rooms by a jet
that causes air in the room to be induced into the unit face and back out through the top of the unit. The air is conditioned by hot and cold coils located in

the induction unit. This air is mostly re-circulated, with some being exhausted to bathroom exhausts or through the doorway by positive pressure.

The Organ Transplant Unit is ventilated in a manner similar to that of Cardiac Intensive Care, except the air is not 100% fresh. The air is

re-circulated with general hospital air.

The Bone Marrow Transplant Unit is ventilated by a dedicated, HEPA filtered system that is designed to keep the rooms and unit very strongly
positively pressurized relative to other areas. This area is also heated by coils in the ceiling. Our evaluation of the HEPA filters, performed in June, 1999,

indicated that the filters were properly installed and operating according to the rated efficiency for such filters.

All of the units are designed to supply positive pressure in the patient rooms relative to the corridors, and our ventilation measurements indicated
that this was generally true. With four different ventilation systems throughout the hospital, it is difficult to find a systemic source of growth and
dissemination, unless it is related to humidification. In December, 1998, outside daily average temperatures dropped from averages in the mid-50 °F
range to the mid-30 °F range immediately before the elevated Aspergillus concentration incident. The April incident occurred shortly after average daily
temperatures jumped from the mid-30 °F range in mid-March to the mid-60 °F range in early April. The less extreme incidents in July occurred during very

hot and humid temperatures.

Air changes per hour (ACH) were calculated by the maximum of intake or exhaust in each area compared to the total volume. The ACH values



are listed in Table | below.
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Table I- Measured Air Changes Per Hour (ACH) in 4 Hospital Area Sampled

Area Number of days | Mean Air Changes per Range of Air Changes
sampled Hour (ACH) +/-SD per Hour (ACH)

Cardiac Intensive Care Unit 8 3.8+4/-4.0 0.5t013.2

Organ Transplant Unit 12 8.1+/-79 2.3t030.7

HIV Unit 11 29+/-27 0.6 t0 8.2

Bone Marrow Transplant Unit 7 26.6 +/-13.2 16.2 to 53.9

Table Il below summarizes total Fungi and total Aspergillus collected from the various sampling sites. Table Ill below summarizes the concentrations of
various Aspergillus species collected at various parts of the hospital. Table IV summarizes mean indoor and outdoor concentrations of the 10 most
common non-Aspergillus fungi.



TABLE II- Summary of Total Fungi and Total Aspergillus collected in various locations in the hospital

Unit/ Activity Area Total number Mean Viable Fungi Mean Aspergillus % of samples positive Asperqgillus as % of
of samples (range) cfuim® (range) cfuim® for Aspergillus (%) total organisms
Cardiac Inside Patient Rooms 58 54.9 (0-360) 16.8 (0-167) 43 30.7
Intensive Care
Unit Outside Patient Rooms 57 34.6 (0-180) 8.4 (0-45) 55 24.2
AIDS Unit Inside Patient Rooms 58 41.7 (0-198) 7.6 (0-42) 41 18.1
Outside Patient Rooms 58 37.1 (0-276) 10.0 (0-140) 38 27.0
Organ Inside Patient Rooms 71 83.5 (2-680) 30.6 (0-680) 44 36.6
Transplant Unit
Outside Patient Rooms 62 44 8 (2-248) 12.7 (0-100) 34 28.4
Bone Marrow Inside Patient Rooms 62 41.0 (0-260) 7.3 (0-68) 31 17.9
Transplant Unit
Outside Patient Rooms 62 40.7 (0-220) 8.4 (0-96) 19 20.5
Duct Cleaning Inside Patient Rooms 23 192.8 (21-724) 22.6 (0-87) 35 1.7
Outside Patient Rooms 21 70.4 (8-176) 17.5 (0-100) 38 24.8
Renovation In Containment- inactive 76 38.1 (8-226) 6.4 (0-85) 28 16.7
Out Containment-inactive 68 37.5 (5-310) 4.2 (0-95) 32 111
In Containment- active 22 100.6 (0-323) 13.2 (0-88) 55 13.2
Out containment- active 22 57.4 (4-130) 14.7 (0-30) 41 25.6
All Indoor Samples 720 53.2 (0-724) 12.1 (0-680) 40 22.7
Rooftop samples- outdoors 122 257.8 (10-1340) 6.8 (0-40) 43 2.6
P value difference between means of indoor and outdoor 0.017 0.006

samples- 2 tailed 2 test with unequal variances
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Table Ill- Species Composition of Aspergillus Collected at Various Hospital Sites- All Values in mean cfuim®

UNIT/ AREA Total Total A A A. Eurotium A. A. A. A. A A
ACTIVITY number Aspergillu candidu | flavus fumigatu A. glaucus | niger ochraceus | parasiticus | terreus | ustus versicolor
of s s s
samples
Cardiac Inside 58 16.8 0.85 2.96 0.52 0.0 10.72 0.0 1.75 0.0 0.0 0.0
Intensive Patient
Care Unit Rooms
Outside 57 8.4 0.88 1.50 0.63 0.61 4.77 0.0 0.0 0.0 0.0 0.0
Patient
Rooms
AIDS Unit Inside 58 7.6 1.73 0.68 1.18 0.0 3.64 0.0 0.0 0.0 0.0 0.36
Patient
Rooms
Outside 58 10.0 0.77 0.09 0.40 0.0 8.35 0.31 0.0 0.0 0.0 0.09
Patient
Rooms
Organ Inside 71 30.5 1.25 0.73 1.25 1.50 25.0 0.0 0.0 0.0 0.0 0.86
Transplant Patient
Unit Rooms
Outside 62 12.7 3.53 0.34 0.30 0.90 7.54 0.0 0.0 0.0 0.0 0.07
Patient
Rooms
Bone Inside 62 7.3 0.72 0.77 0.17 0.08 5.47 0.08 0.0 0.0 0.0 0.0
Marrow Patient
Transplant Rooms
Unit
Outside 62 8.4 1.75 0.45 0.26 0.33 5.41 0.0 0.04 0.0 0.0 0.16
Patient
Rooms
Duct Inside 23 22.6 1.13 3.48 11.00 0.0 5.88 1.08 0.0 0.0 0.0 0.0
Cleaning Patient
Rooms
Outside 21 175 6.67 0.0 1.24 0.77 8.82 0.0 0.0 0.0 0.0 0.0
Patient
Rooms
Renovation | Inside 76 6.4 1.91 2.07 0.52 0.26 1.29 0.0 0.0 0.0 0.0 0.33

Containment




Table Ill- Species Composition of Aspergillus Collected at Various Hospital Sites- All Values in mean cfu/m®
UNIT/ AREA Total Total A. A A Eurotium A. A A. A A A
ACTIVITY number Aspergillu candidu | flavus fumigatu A. glaucus | niger ochraceus | parasiticus | terreus | ustus versicolor
of s s s
samples
- Inactive
Outside 68 4.2 0.52 0.15 0.22 0.07 3.1 0.04 0.0 0.0 0.0 0.07
Containment
- Inactive
Inside 22 13.2 7.03 0.0 0.35 0.46 3.67 0.46 0.0 0.0 1.23 0.0
Containment
- Active
Outside 22 14.7 1.60 0.0 0.0 2.15 10.95 0.0 0.0 0.0 0.0 0.0
Containment
- Inactive
All Indoor Samples 720 121 1.72 0.97 0.88 0.45 7.59 0.08 0.14 0.01 0.05 0.18
Rooftop Samples 122 6.8 1.23 0.80 0.68 0.22 2.71 0.46 0.0 0.34 0.0 0.35
P value difference between means of 0.006 0.40 0.71 0.66 0.19 0.010 0.042 0.18 0.050 0.29 0.17
indoor and outdoor samples- 2 tailed 2
test with unequal variances
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Table IV Indoor and Outdoor Concentrations of the 10 most common genus or species non Aspergillus fungi collected

Species Mean Indoor Mean Outdoor Ratio Indoor to P value difference- 2 tailed t-test with
cfu/m® cfu/m® Outdoor mean unequal variances
Concentrations
Alternaria 0.70 8.04 0.09 0.000
Cladosporium herbareum 9.87 149.9 0.07 0.000
Fusarium Species 1.01 10.5 0.09 0.000
Mucor racemosus 4.80 1.75 2.77 0.027
Penicillium brevicompactum 5.20 4.96 1.05 0.897
Penicillium chrysogenum 5.10 9.45 0.54 0.099
Penicillium citrinum 1.74 3.90 0.45 0.186
Rhizopus oryzae 4.08 5.18 0.80 0.517
Trichoderma species 7.96 3.79 210 0.010
Yeasts- several genera 2.47 3.05 0.80 0.415

Figure 1 below notes average total Aspergillus concentrations indoors/outdoors during the sampling period.

FIGURE 1- MEAN ASPERGILLUS LEVELS (CFU/M®) OVER TIME
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Table 2 shows that mean total viable fungi concentrations are much higher outdoors (257.8 cfu/m3) than indoors (means range from 34.6 to 83.5 fungal cfu/m® in all of
the patient areas sampled.) Paired t-test with unequal variances indicated that mean total fungal levels were significantly lower in the hospital rooms versus outside. P
values for these comparisions were 0.001 for the cardiac care unit, 0.018 AIDS unit, 0.000 for organ transplant unit, 0.000 for bone marrow transplant units and 0.000 in

the renovation rooms. Total fungi was only marginally lower in renovated rooms than outdoors (p=0.067).

However, mean Aspergillus concentrations are much lower outdoors (6.8 cfu/m3) than in air of the indoor patient areas (7.3- 30.6 cfu/m3). Paired t-test with
unequal variances indicated that mean total Aspergillus levels were significantly higher in the organ transplant rooms (p=0.028) and in the cardiac intensive care unit
(p=0.05) as compared to outdoors. Mean Aspergillus concentrations were not significantly different from outdoors in the AIDS unit, bone marrow transplant unit, duct
cleaned rooms or renovated rooms. Aspergillus comprise only 2.6% of total outdoor viable fungi but comprise 11.1% to 36.6 of the total fungi in the indoor hospital sites.
The much higher Asperqgillus cfu/m® indoors suggests that there are multiple sources of Aspergillus inside the hospital. The bone marrow units had the lowest average
concentrations of Aspergillus. The organ transplant unit and the cardiac ICU had mean Aspergillus concentrations considerably larger inside the rooms than in the

corridors outside the rooms.

The 120 blank plates yielded 12 contaminants for average of 0.10 colonies per plate of contamination. Contaminants reported included Penicillium

brevicompactum six colonies, Penicillium chrysogenum four, Mucor racemosus two, and Aspergillus niger one.

Figure 1 illustrates 2 major incidents when high concentrations of airborne Aspergillus were collected in December, 1998 and April, 1999, and some relatively
smaller incidents in June and July of 1999. These incidents were characterized by high concentrations in samples collected in all four treatment areas, especially inside
patient rooms. Presence of Aspergillus in these units persisted for several sampling periods, suggesting that the indoor Aspergillus spore levels were elevated for 12 to

30 days. Several sources of Aspergillus were probably present inside the hospital.



A high Aspergillus event occurred in one of the organ transplant rooms, levels of Aspergillus niger :\I/'v<73re 680 cfu/m> on 12-14-1998 and 20 cfu/m’ on 12-18-1998.
A slight plumbing leak was found above the room, which was repaired several days later. Aspergillus levels then fell to zero or near zero in the organ transplant unit for
several months. Another room in the organ transplant unit had total Aspergillus levels of 465 cfu/m® on April 1, 1999 (426 A. niger, 28 A. fumigatus and 11 A. flavus).

Some hospital personnel noted some moisture condensation in this room in April.

A high Aspergillus level of 160 cfu/m® (5 cfu/m® A. candidus, 155 cfu/m® A. niger) was recorded on 6-12-1999 inside a room being renovated and undergoing

wood cutting operations. Much sawdust was present on the floor, much of it damp.

Another high Aspergillus event occurred in the patient rooms of the bone marrow transplant unit. Aspergillus concentrations in the transplant unit rooms were 77
cfu/m® on 4-1-1999 (63 A. niger, 11 A. flavus, 3 A. fumigatus) and 73 cfu/m® on 4-13-1999 (52 A. niger and 21 A. flavus). About this time, a roof leak above the Bone
Marrow Transplant Unit that caused visible ceiling tile damage outside the unit entrance doors was seen. The leak was apparently caused by the installation of the
dedicated air handling system for the unit. The roof membrane was cut for the installation, and the edges were not properly sealed. The water leaked in through the
edges of the air handling unit, flowed across a concrete roof layer, and leaked into the hospital through breaches in the concrete layer. This leak was repaired in April.

For the next seven sampling sessions total Aspergillus concentrations averaged only 2 cfu/m?®.

There were numerous reports of a chronic window leak problem throughout the entire sampling period. Apparently the seals around the window assemblies had
failed over a long period of time. Precipitation running down the outside walls of the building was drawn into the window areas where the seals failed by a capillary effect.
This, together with normal window condensation, could have provided a constant growth area for Aspergillus and other fungal organisms. Also changes in indoor

humidity and duct wind speed may have played a crucial role in disseminating the spores.



Forty eight of the 74 duct dust samples (65%) had levels of Aspergillus asp f1 protein exceeding d]e't8ection limit. The mean, median, SD and range of dust asp f1
levels were 0.41, 0.20, 0.56 and -0.10 to 1.94 ppm. None of the nine dust samples with asp f1 levels exceeding 1 ppm came from samples for the four wards sampled.
These 9 samples came from a variety of areas on the second through sixth floors and included a surgical suite on the third floor. These significant levels of asp f1 protein
seen in ducts is consistent with the significant mean airborne levels (11.0 cfu/m3) of Aspergillus fumigatus collected in rooms undergoing duct cleaning (see table IlI

above). This suggests there may possibly be some growth of Aspergillus fumigatus mycelia in the hospital air ducts.
Discussion

The mean total Aspergillus collected in for all 720 indoor hospital samples was 12.1 cfu/m®, with the 7 most common Aspergillus species (in cfu/m3) being A.
niger 7.54, A. candidus 1.27, A. flavus 0.97, A. fumigatus 0.88, Eurotium A. glaucus 0.45, 0.18 A. versicolor and A. parasiticus 0.14. The mean Aspergillus airborne
concentrations in this study were considerably lower that the mean 101.1 cfu/m?® total Aspergillus seen in an Austrian hospital ! The Austrian study was conducted with
164 air samples from January to July ' The 7 most common Aspergillus species collected in the Austrian study (in cfu/m3) were Eurotium A. glaucus 53.6, A. versicolor
18.0, A. fumigatus 12.8, Emericella A. nidulans 3.5, terreus 2.8, A. sydowii 2.4 and A. niger 1.4 (Rainer). Thus this study had much higher levels of A. niger and much

lower levels of total Aspergillus, Eurotium A. glaucus, A. veriscolor, A. fumigatus, A. sydowii and A. terreus as compared to the Rainer study 2

Total Aspergillus concentrations averaged 7.2 cfu/m® in the bone marrow ward rooms (which have a dedicated HEPA system) in this study. This is comparable
to a mean of 6.77 cfu/m’ total Aspergillus seen in bone marrow ward in another hospital during construction periods 2 but is much higher than the mean 0.009 cfu/m®
total Aspergillus levels reported in another bone marrow unit with HEPA air filter units and a laminar air flow 2 In this study, the 4 most common Aspergillus collected in

bone marrow rooms (in cfu/m3) were A. niger 5.47, A. flavus 0.77, A. candidus 0.72 and A. fumigatus 0.18.

Several earlier studies have established that construction/ renovation/ remodeling and other dusty activities can increase levels of airborne Aspergillus 10,123,



Total fungal concentrations averaged 100.6 cfu/m® in the containment area during active renovation work,lbgut averaged only 37.5 to 57.4 cfu/m® in the containment are
during inactive periods or just outside the containment area during active or inactive periods. A 2 way ANOVA of the areas with active/ inactive renovation and
inside/outside renovation areas as independent variables found that activity was related to significantly more Aspergillus levels (p=0.049) but not significantly more total
fungi (p=0.739). Total fungi (p=0.719) and total Aspergillus levels were not significantly different inside or outside the renovation rooms. On July 12, 1999 in a
renovation area where wood was being cut with a power saw, 160 cfu/m® Aspergillus was collected (including 155 and 5 cfu/m® respectively of A. niger and A. candidus).
On March 20, 1999 in a renovation area that was dusty and where painting was undertaken earlier in the day, total Aspergillus levels reached 112 cfu/m®, including 102

A. flavus, 5 A. fumigatus and 5 A. versicolor.

Tables Il and Ill note that highest indoor concentrations of mean total indoor fungi (192.8 cfu/ms) and Aspergillus fumigatus (11.0 cfu/m3) were collected in the
rooms which were undergoing duct cleaning. Anderson ¥ reported Aspergillus fumigatus levels of 65 cfu/m® near a vaccum that was running in a pediatric cancer unit.
This suggests the ducts are a significant source of Aspergillus fumigatus spores and fungal spores in general. Workers should wear respiratory protection during duct
cleaning and immunocompromised patients should not be in the area during cleaning. Additional studies of residence times of the Aspergillus spores after cleaning

might yield some useful information.

This study found viable Aspergillus propagules in all parts of the hospital at concentrations somewhat greater than those found outside. In addition, levels of total
fungi were significantly higher outside the hospital than indoors. Therefore, infiltration of outside air can not be the primary mechanism for producing the airborne
Aspergillus levels in the hospital. Significantly higher levels of Aspergillus- especially A. fumigatus was seen during duct clearning operations. There probably were
numerous small to moderate Aspergillus sources in the hospital including dust from duct cleaning and renovation and sites of water damage and moisture condensation.
Approaches to controlling Aspergillus infections in hospitals must be multi-factorial and involve moisture/water control, HEPA filters, sealed positive pressure rooms, and
environmental monitoring of Aspergillus. In the future, the use of ELISA % DNA hybridization or PCR * methods may be a very useful addition to the standard

microbiological methods to monitor Aspergillus in hospitals and other environments.
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