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Hospital	
  renovation:	
  the	
  
problems	
  
• Construc1on,	
  renova1on	
  or	
  demoli1on	
  
generates	
  vast	
  quan11es	
  of	
  dust	
  which	
  contains	
  
huge	
  numbers	
  of	
  aerosolized	
  filamentous	
  fungi,	
  
such	
  as	
  Aspergillus,	
  and	
  some1mes	
  as	
  other	
  
poten1al	
  pathogens,	
  such	
  as	
  Legionella	
  

• Moreover,	
  construc1on	
  can	
  impair	
  air	
  handling	
  
systems	
  or	
  contaminate	
  potable	
  water	
  with	
  
these	
  pathogens.	
  

Aspergillus	
  fumigatus	
  
• Most	
  common	
  cause	
  
of	
  invasive	
  and	
  non-­‐
invasive	
  aspergillosis	
  

• Causes	
  >50%	
  of	
  
invasive	
  aspergillosis	
  

• Capable	
  of	
  growth	
  up	
  
to	
  55°C	
  (131°F)	
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Epidemiology	
  
•  A.	
  fumigatus	
  is	
  a	
  ubiquitous	
  organism	
  whose	
  primary	
  
ecological	
  niche	
  is	
  felt	
  to	
  be	
  decomposing	
  vegetable	
  maWer	
  

•  Ambient	
  levels	
  in	
  outside	
  air	
  is	
  considerable	
  
•  Typical	
  1-­‐15	
  spores/m3	
  with	
  significant	
  day	
  to	
  day	
  variability	
  
•  May	
  reach	
  tremendous	
  levels	
  near	
  compost	
  heaps	
  and	
  hay	
  barns	
  
(106	
  spores/m3)	
  

Fungal growth 
(surfaces) 

Spore release (air) 

Aspergillus	
  –	
  basic	
  life	
  cycle	
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Hospital	
  renovation:	
  the	
  
problem	
  

• Hospitals	
  and	
  clinics	
  are	
  filled	
  with	
  pa1ents	
  who	
  
are	
  immunocompromised	
  and	
  highly	
  vulnerable	
  
to	
  devasta1ng	
  invasive	
  infec1on	
  with	
  these	
  
newly	
  unleashed	
  pathogens	
  

(Particle)	
  size	
  matters	
  

3µ
m 

5µ
m 

8µ
m 

10µm 

Aspergillus fumigatus 

Cladosporium sp. 

Aspergillus niger 

Alternaria sp. 

0.3 cm/sec 0.1 cm/sec 0.07 cm/sec 0.03 cm/sec 
Adapted from Steifel, Hospital 
Epidemiology and Infection 
Control, 1999 
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Aspergillus - vulnerable 
patient exposure	
  



7	
  

Invasive Pulmonary Aspergillosis 
Fungal Research Trust 

Invasive Aspergillosis - Pulmonary Infarction 
Fungal Research Trust 

 



8	
  

Aspergillus	
  eye	
  infection	
  

Aspergillus	
  fumigatus	
  
• Most	
  common	
  cause	
  of	
  invasive	
  and	
  non-­‐invasive	
  
aspergillosis	
  

•  Causes	
  >50%	
  of	
  invasive	
  aspergillosis	
  
•  Capable	
  of	
  growth	
  up	
  to	
  55°C	
  (131°F)	
  
•  Ubiquitous	
  organism	
  
•  Ambient	
  levels	
  in	
  outside	
  air	
  is	
  considerable	
  

•  Typical	
  1-­‐15	
  spores/m3	
  with	
  significant	
  day	
  to	
  day	
  
variability	
  

•  May	
  reach	
  tremendous	
  levels	
  near	
  compost	
  heaps	
  and	
  hay	
  
barns	
  (106	
  spores/m3)	
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Sources	
  of	
  Aspergillus	
  sp	
  
•  Unfiltered	
  air	
  

•  Ven1la1on	
  systems	
  

•  Contaminated	
  dust	
  dislodged	
  during	
  hospital	
  renova1on	
  and	
  
construc1on	
  

•  Horizontal	
  surfaces	
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How	
  do	
  fungi	
  get	
  in?	
  
•  Fresh	
  air	
  intakes	
  of	
  
HVAC	
  systems	
  

• Open	
  doors	
  and	
  
windows	
  

• AWached	
  to	
  people’s	
  
clothes,	
  shoes,	
  and	
  
skin.	
  

• AWached	
  to	
  new	
  
building	
  materials.	
  

What	
  do	
  fungi	
  need	
  to	
  grow?	
  
•  Nutrient	
  Sources	
  

•  Warm	
  temperature	
  

•  Moisture	
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Ideal	
  conditions	
  for	
  
Aspergillus	
  

Nutrients	
  

•  Gypsum	
  board	
  
•  Cellulose	
  ceiling	
  1les	
  
•  Carpets	
  
•  Upholstery	
  
•  Fibreglass	
  lined	
  ducts	
  
•  Dirt	
  on	
  surfaces	
  

Sources	
  of	
  moisture	
  
• Roof	
  leaks	
  
• Building	
  envelope	
  
cracks	
  

• Condensa1on	
  on	
  
cold	
  Surfaces	
  

•  Leaking	
  pipes	
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Dust	
  mats	
  need	
  to	
  be	
  
maintained	
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Dust	
  is	
  a	
  concern	
  
•  All	
  construc1on	
  
generates	
  dust	
  

•  Assume	
  all	
  dust	
  contains	
  
Aspergillus	
  mold	
  spores	
  

•  Aspergillus	
  spores	
  in	
  
dust	
  can	
  kill	
  
immunocompromised	
  
pa1ents	
  

•  These	
  pa1ents	
  are	
  in	
  
hospital	
  

Dust	
  moves!	
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Vibration	
  may	
  move	
  ceiling	
  
boards!	
  

• Watch	
  out	
  for	
  
dislodged	
  ceiling	
  
boards.	
  	
  	
  

• Call	
  4000	
  and	
  
Infec1on	
  Control	
  
Unit	
  

Water	
  and	
  mold	
  are	
  close	
  
allies	
  
•  There	
  is	
  mold	
  
wherever	
  there	
  is	
  
water	
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Invasive	
  Aspergillosis	
  
•  Caused	
  by	
  extremely	
  common	
  mold	
  

•  Spread	
  through	
  air	
  easily	
  

•  Can	
  be	
  difficult	
  to	
  diagnose	
  in	
  severely	
  
immunosuppressed	
  pa1ents	
  

•  Mortality	
  over	
  50%	
  

•  Preven1on	
  of	
  Exposure	
  is	
  Key	
  

Patients	
  at	
  risk	
  
•  Bone	
  marrow	
  transplant	
  pa1ents	
  

•  Hematology	
  and	
  oncology	
  pa1ents	
  who	
  develop	
  severe	
  and	
  
prolonged	
  neutropenia	
  

•  Solid	
  organ	
  transplant	
  pa1ents	
  (intes1nal	
  >	
  lung	
  >	
  liver	
  >	
  heart	
  
>	
  kidney)	
  

•  Pa1ents	
  who	
  receive	
  prolonged	
  high-­‐dose	
  cor1costeroids	
  (~1	
  
mg/kg)	
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•  53 outbreaks: 1967-2005 
•  458 affected patients: 

•  299 (65.3%) haematological malignancies 
•  Route of transmission: air 
•  Site of primary infection: lower respiratory tract (356 

patients) 
•  Surgical site infections (24 patients) 
•  Skin infections (24 patients) 

Nosocomial	
  aspergillosis	
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Species isolated 
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Healthcare	
  associated	
  
outbreaks	
  of	
  Aspergillosis	
  

• Ac1vi1es	
  that	
  cause	
  increases	
  in	
  counts	
  of	
  
airborne	
  Aspergillus	
  spores	
  

• Building	
  demoli1on,	
  construc1on,	
  renova1on,	
  
repair	
  

• Bird	
  droppings	
  in	
  air	
  ducts	
  supplying	
  high	
  risk	
  
pa1ent	
  care	
  areas	
  

• Contaminated	
  fireproofing	
  material	
  
• Damp	
  wood,	
  sheet	
  rock	
  

Sources	
  of	
  airborne	
  
pathogens	
  
•  Construc1on	
  and	
  renova1on	
  ac1vi1es	
  

•  Ven1la1on	
  system	
  contamina1on	
  and	
  malfunc1on	
  
•  Accumula1on	
  of	
  dust	
  and	
  moisture	
  in	
  hea1ng,	
  
ven1la1on	
  and	
  air	
  condi1oning	
  (HVAC)	
  systems	
  

•  Failure	
  or	
  malfunc1on	
  of	
  HVAC	
  systems	
  
•  Pigeon	
  droppings	
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Outbreak	
  case	
  study	
  
Infect	
  Control	
  Hosp	
  Epidemiol	
  2000;	
  21:18-­‐23	
  

•  February,	
  March	
  1996	
  –	
  increase	
  in	
  invasive	
  fungal	
  infec1ons	
  noted	
  
in	
  leukaemia	
  and	
  BMT	
  pa1ents	
  at	
  Johns	
  Hopkins	
  Hospital	
  

•  September	
  1996	
  –	
  2nd	
  outbreak	
  

•  Background	
  
•  940	
  bed	
  facility;	
  63-­‐bed	
  Oncology	
  Center	
  is	
  a	
  3-­‐storey	
  building	
  
connected	
  to	
  the	
  hospital	
  

•  2	
  buildings	
  separated	
  by	
  set	
  of	
  double	
  doors	
  
•  Oncology	
  Centre’s	
  air	
  went	
  through	
  3	
  filters	
  system;	
  each	
  room	
  
is	
  HEPA	
  filtered	
  and	
  posi1ve	
  P	
  

•  Pressure	
  differen1als,	
  HVAC	
  system	
  checked	
  monthly	
  

•  Construc1on	
  immediately	
  adjacent	
  to	
  the	
  Oncology	
  Center	
  

•  A.	
  flavus	
  emerges,	
  previously	
  A.	
  fumigatus	
  

2	
  in	
  1996:	
  Incidence	
  increased	
  from	
  2.9	
  and	
  1.3	
  
per	
  1000	
  patient	
  days	
  in	
  Feb	
  and	
  Mar	
  1995	
  to	
  5.0	
  
and	
  3.1	
  per	
  1000	
  patient	
  days	
  in	
  Feb	
  and	
  Mar	
  1996	
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Findings	
  
•  21	
  of	
  29	
  surveillance-­‐iden1fied	
  pa1ents	
  met	
  case	
  defini1on	
  of	
  
“definite”	
  or	
  “probable”	
  

•  Housekeeping	
  procedures	
  inadequate	
  
•  Clean	
  “wet”	
  instead	
  of	
  dry	
  buffing	
  

•  Univariate	
  analysis	
  
•  Pa1ent’s	
  loca1on	
  near	
  the	
  stairwell	
  door	
  
•  They	
  then	
  closed	
  off	
  the	
  stairwell	
  

•  Large	
  volume	
  air	
  samplers	
  detected	
  A.	
  flavus,	
  while	
  small	
  
volume	
  samples	
  were	
  nega1ve	
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Findings	
  
•  Pressure	
  differen1als	
  

•  25	
  PE	
  rooms,	
  3	
  of	
  which	
  were	
  nega1ve	
  rela1ve	
  to	
  the	
  
corridor	
  (-­‐0.35	
  to	
  –3.2	
  Pa)	
  

•  Air	
  pressure	
  in	
  the	
  central	
  stairwell	
  was	
  posi1ve	
  
rela1ve	
  to	
  the	
  corridor	
  of	
  the	
  unit	
  

•  Oncology	
  Center	
  was	
  neutral	
  –	
  nega1ve	
  compared	
  to	
  
the	
  adjacent	
  hospital	
  

Environmental	
  control	
  measures	
  
March	
  1996	
  
•  Source	
  of	
  outbreak	
  

•  Spores	
  entered	
  Centre	
  through	
  double	
  doors,	
  poorly	
  
sealed	
  windows	
  and	
  walls	
  

•  Conveyed	
  through	
  corridors	
  and	
  elevators	
  due	
  to	
  P	
  
differen1als	
  and	
  human	
  traffic	
  and	
  portable	
  
equipment	
  

•  Doors	
  engineered	
  to	
  close	
  automa1cally	
  
•  Doors	
  to	
  individual	
  rooms	
  kept	
  closed	
  at	
  all	
  1mes	
  

•  Re-­‐sealed	
  windows,	
  exterior	
  walls	
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Environmental	
  control	
  measures	
  
March	
  1996	
  
•  Staff	
  entrance	
  near	
  construc1on	
  was	
  closed;	
  redirected	
  
pedestrian	
  traffic	
  away	
  from	
  Oncology	
  Centre	
  

•  Construc1on	
  policy	
  developed	
  

•  Air	
  sampling	
  for	
  fungal	
  spores	
  

•  N95	
  respirators	
  for	
  high-­‐risk	
  pa1ents	
  when	
  outside	
  a	
  
HEPA	
  filtered	
  area	
  

Additional	
  environmental	
  control	
  
measures;	
  September	
  1996	
  
•  Closed	
  the	
  stairwell	
  between	
  the	
  HSCT	
  and	
  leukemia	
  units	
  

•  Conducted	
  case-­‐control	
  studies	
  

•  Addi1onal	
  environmental	
  cultures	
  

•  Reviewed	
  housekeeping	
  procedures	
  

•  Large	
  volume	
  air	
  sampling	
  

•  Supplemental	
  HEPA	
  filtra1on	
  when	
  structural	
  modifica1on	
  
not	
  feasible	
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Nosocomial	
  transmission	
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  Disease	
  2002;34:412–6	
  

412 • CID 2002:34 (1 February) • BRIEF REPORTS

B R I E F R E P O R T

Cluster of Cases of Invasive
Aspergillosis in a Transplant Intensive
Care Unit: Evidence of Person-to-
Person Airborne Transmission

David A. Pegues,1 Brent A. Lasker,3 Michael M. McNeil,3,a

Patricia M. Hamm,2 Judy L. Lundal,2 and Bernard M. Kubak1

1Division of Infectious Diseases and 2Department of Hospital Epidemiology,
University of California Los Angeles Medical Center; and 3Division
of Bacterial and Mycotic Diseases, Centers for Disease Control
and Prevention, Atlanta, Georgia

In October 1998, a patient developed deep surgical-site and
organ-space infection with Aspergillus fumigatus 11 days af-
ter undergoing liver retransplantation; subsequently, 2 ad-
ditional patients in the transplant intensive care unit had
invasive pulmonary infection with A. fumigatus diagnosed.
It was determined that debriding and dressing wounds in-
fected with Aspergillus species may result in aerosolization
of spores and airborne person-to-person transmission.

Aspergillus species are the most common causes of invasive
mold infection worldwide, especially in severely immunosup-
pressed persons [1–4]. Among solid-organ transplant recipi-
ents, the risk of invasive Aspergillus infection varies and often
follows treatment for transplant rejection [1]. The majority of
solid-organ transplant recipients with Aspergillus infection have
pulmonary, rhinocerebral, or disseminated diseases. Surgical
wound infection with Aspergillus species is relatively more com-
mon among liver transplant recipients than it is among persons
who have received other transplants, and it may result from
perioperative wound contamination due to prolonged operative
duration, large operative site, and the net state of immuno-
suppression [1, 5, 6].

The presence of Aspergillus species in the environment is the
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most important risk factor for nosocomial invasive aspergillosis,
and outbreaks of infection have been associated with hospital
construction or renovation activities, contaminated air-handling
systems, and other environmental reservoirs [7–10]. Inhalation
and direct inoculation of tissue by spores are believed to be the
most common routes of infection. Person-to-person transmis-
sion of Aspergillus species has not been reported elsewhere, with
the exception of reports of direct donor-to-recipient transmission
[11]. Here, we describe a cluster of pulmonary infections with
Aspergillus fumigatus among liver transplant recipients in which
wound care resulted in aerosolization of Aspergillus spores and
probable person-to-person airborne transmission.

Case reports. Patient 1 was a 53-year-old man who un-
derwent orthotopic liver transplantation in September 1998 for
alcoholic cirrhosis. His postoperative course was complicated.
On day 2 of hospitalization, he underwent exploratory lapa-
rotomy, evacuation of an abdominal wall hematoma, and syn-
thetic mesh closure of the abdominal fascia. On day 5 of hos-
pitalization, he underwent repair of a bile leak. One day later,
he underwent retransplantation, because of primary graft non-
function, and reconstruction of the abdominal wall with syn-
thetic mesh. He developed acute renal failure that required
hemodialysis and reoperation for repair of vascular anastomotic
bleeding on day 7. On day 17 of hospitalization, drainage from
the large abdominal wound was noted, and culture of a drainage
sample yielded A. fumigatus. The patient was transferred to the
11-bed transplant intensive care unit (ICU), where he was
treated in an open cubicle. From day 18 to day 45 of hospi-
talization, intravenous amphotericin B was administered daily
and wet-to-dry dressings were applied to the wound 3 times
per day. Surgical debridement of abdominal wall and fascia for
necrotizing infection was performed at the bedside on days 19,
22, and 27 of hospitalization. The patient died on day 45 of
hospitalization of disseminated Aspergillus infection that in-
volved the liver, spleen, omentum, and intestines (figure 1).

Patient 2 was a 61-year-old woman who underwent ortho-
topic liver transplantation in October 1998 for hepatitis C
virus–associated cirrhosis. After undergoing transplantation,
she was transferred to an open cubicle in the transplant ICU.
On day 9 of hospitalization, the patient developed sepsis and
respiratory failure. A chest radiograph obtained on day 11 of
hospitalization demonstrated multifocal opacification; culture
of tracheal suction yielded 20–30 colonies of A. fumigatus and
4–5 colonies of Aspergillus flavus-oryzae. Intravenous ampho-
tericin B was administered daily from day 15 to day 21 of
hospitalization. The patient developed progressive multiorgan
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Figure 1. Deep abdominal-wound and organ-space infection with Aspergillus fumigatus in patient 1 on day 42 of hospitalization. The anterior
abdominal fascia had been completely debrided. Extensive fungal growth covers the surface of the exposed liver, spleen, omentum, and superior
abdominal wall.

failure and aplastic anemia and died on day 22, with radio-
graphic and microbiologic evidence of pulmonary aspergillosis.
No autopsy was performed.

Methods. A case of aspergillosis in a liver transplant re-
cipient was defined as (1) histopathologic evidence of tissue
invasion consistent with Aspergillus species, (2) isolation of As-
pergillus species from a normally sterile body site, or (3) iso-
lation of Aspergillus species from !1 bronchoalveolar lavage
fluid specimen or !2 respiratory specimens and clinical and
radiographic abnormalities compatible with locally invasive or
disseminated infection. Aspergillosis was considered to be no-
socomial if Aspergillus species were first isolated from a patient
after !7 days of hospitalization or within 30 days after hospital
discharge.

To determine the rate of nosocomial aspergillosis, we re-
viewed the records for liver transplant recipients for the period
of January 1997 through October 1998. Rates of definite and
possible infection were calculated per 1000 patient days and
were compared using the x2 test. To examine potential sources
of Aspergillus species in the transplant ICU, we placed Sa-
bouraud dextrose agar settle plates within 1 m of patient beds
for 30 min, and we also collected air samples for 30 min before
and after wound dressing changes by use of a 2-stage viable
particle sampler calibrated to sample air at a rate of 28.3 L/
min (Andersen Samplers).

Isolates of Aspergillus were identified by the morphologic
characteristics of conidia and conidiophores [12]. Monoconi-
dial isolates were obtained for each primary isolate of A. fu-

migatus by plating dilutions of conidia on Sabouraud dextrose
agar plates. A single thallus was picked, transferred to Sabour-
aud dextrose agar slants, and incubated for 3 days at 37!C.
Nonoutbreak isolates were obtained from the fungal culture
collection maintained at the Mycotic Diseases Branch of the
Centers for Disease Control and Prevention (Atlanta, Georgia)
[13]. Cell growth and pulverization in liquid nitrogen were
performed as described by Lin et al. [13]. Genomic DNA was
purified using phenol-chloroform extractions or by resuspend-
ing nucleic acids in Qiagen QBT buffer and eluting DNA
through a Qiagen Genomic G-100 tip, in accordance with the
manufacture’s recommendations [13].

To determine the genetic relatedness across patient, envi-
ronmental, and nonoutbreak isolates, EcoRI genomic blots were
hybridized with the moderately repetitive DNA probe Afut1,
which was kindly provided by Dr. D. Soll (University of Iowa,
Iowa City) [14, 15]. Purified genomic DNA (3 mg) was digested
with 25 units of EcoRI (Sigma) for 6 h at 37!C [16]. Samples
were electrophoresed through 0.7% agarose gels in Tris-borate
EDTA buffer, stained with 0.5 mg/mL of ethidium bromide,
photographed, and then blotted to positively charged nylon
filters (Roche Diagnostics) [16]. Nylon filters were hybridized
overnight at 65!C with denatured Afut1 DNA probe labeled
with digoxigen [15, 16]. Unbound probe was removed by wash-
ing at 65!C with 2 ! sodium chloride/0.1% sodium dodecyl
sulfate twice for 30 min each. Hybridization bands were vi-
sualized using the reagents and protocol in the Genius kit
(Roche Diagnostics). A Fluor-S-Multimager (Bio-Rad Labo-
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Figure 2. Schematic floor plan of transplant intensive care unit. The
unit consists of 3 private rooms (A, F, and K) and 8 open cubicles separated
by curtains (dashed lines). On the day when Aspergillus fumigatus was
first isolated in patients 2 and 3, the 3 patients were located in bed E
(patient 1), bed G (patient 3), and bed I (patient 2). Air supply ventilation
panels were located above each bed (!) and air exhaust panels in the
central workstation (solid arrowheads) and in each private room. Place-
ment of settle plates and A. fumigatus colony counts are indicated with
dashed arrows.

ratories) was used to scan the hybridization bands, and the
image was digitized using Diversity Database software (Bio-
Rad). Strains were considered “identical” if there was no dif-
ference between the hybridization profiles; they were considered
“highly related” if they differed by 1–3 bands; and they were
considered “unrelated” if they differed by !4 bands. These
interpretive criteria were more stringent than those used in
other studies [17].

Results. The transplant ICU consists of 8 open cubicles,
which are separated by curtains, and 3 private rooms (figure
2). During the outbreak, 90% fresh and 10% recirculated air
was supplied from ventilation panels located above each patient
bed, and high-efficiency particulate air filtration was not per-
formed; air exhaust ventilation panels were located at the cen-
tral workstation and in each private room. Air pressure in the
ICU was neutral with respect to the outside corridor. No hos-
pital construction or maintenance to the hospital air-handling
system was performed during the 3-month period before the
outbreak, and no environmental reservoir of Aspergillus was
identified by careful visual inspection of the unit and floor.
During October 1998, the rate of nosocomial aspergillosis
among patients on the liver transplant service was 10-fold
higher than it was during the period of January 1997 through
September 1998 (2.4 cases per 1000 patient days [3 cases in
1220 days] vs. 0.23 cases per 1000 patient days [6 cases in
25,560 days]; ).P p .007

Patient 1 was hospitalized in the transplant ICU in open
cubicle C for 10 days and then in cubicle E for 9 days before
A. fumigatus was first isolated from patients 2 and 3 (figure 2).
During this 19-day period, 35 patients were treated in open
cubicles in the unit, with a median duration of potential ex-
posure to patient 1 of 2 days (range, 1–11 days). Of the 35
patients, 19 (55%) were cared for by the liver surgery service,
with a median duration of exposure to patient 1 of 5 days.
Patients 2 and 3 were treated in cubicles that were on the
opposite side of the unit from that of patient 1 for 11 days
and 7 days, respectively, before A. fumigatus isolates were first
recovered from them.

On day 41 of hospitalization, settle plates placed next to
patient 1 yielded 4 and 15 colonies of A. fumigatus, as compared
with 0 colonies per plate on 4 settle plates placed elsewhere in
the unit (figure 2). On day 42 of hospitalization, patient 1 was
moved from an open cubicle to an adjacent private room (F)
with neutral air pressure. Portable high-efficiency particulate
air filtration units were placed inside and outside the room,
and airflow was adjusted to exhaust 100% of the room air
outdoors. On day 42, settle plates placed inside the room
yielded no colonies of A. fumigatus before and 19 and 34 col-
onies after a wound dressing change. On day 44, air samples
obtained outside of the room contained levels of A. fumigatus
of 1.1 cfu/m3 before and 106.8 cfu/m3 after a dressing change.

On day 45 of hospitalization, patient 1 was transferred from
the unit to a negative-pressure isolation room in another ICU,
where he died later that day. Four days after the transfer of
patient 1, and on 4 additional occasions during the 24 sub-
sequent months, no colonies of A. fumigatus or of other As-
pergillus species were isolated from air samples obtained in
different locations in the unit. After the outbreak, from No-
vember 1998 through October 2000, the rate of nosocomial
aspergillosis decreased 5-fold, to 0.46 cases per 1000 patient
days (13 cases in 28,076 days).

All 5 tissue isolates obtained from patient 1, all 8 isolates
tested from settle plates and air samples from around patient
1, and 3 of 4 respiratory isolates obtained from patient 2 had
an identical hybridization profile (figure 3). The fourth res-
piratory isolate recovered from patient 2, the respiratory isolate
recovered from patient 3, and the control isolates that were not
associated with the outbreak or that were stored in the Afut1
database each had unique hybridization profiles distinctly dif-
ferent from the hybridization profile associated with patient 1
and from one another.

Discussion. By use of molecular typing methods, we dem-
onstrated probable patient-to-patient transmission of A. fu-
migatus from aerosolization of conidiophores associated with
surgical dressing changes and wound debridement. However,
we cannot exclude the possibility that patients 1 and 2 shared
common exposure to an environmental source of Aspergillus
species. Several molecular typing and epidemiologic findings
strongly support person-to-person airborne transmission.
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Figure 3. Restriction-fragment length polymorphism analysis of As-
pergillus fumigatus EcoRI genomic blots hybridized with denatured Afut1
DNA probe labeled with digoxigen. Shown are the hybridization profiles
of environmental isolates associated with patient 1 (lanes 1–8), respi-
ratory isolates recovered from patients 3 (lane 9) and 2 (lanes 10–12),
tissue isolates recovered from patient 1 (lanes 13–16), and control isolates
provided by the Centers for Disease Control and Prevention (Atlanta,
Georgia; lanes 17–19 ).

First, patients 1 and 2 had temporally clustered infections
associated with a unique A. fumigatus isolate with an identity
that was established using the Afut1 restriction-fragment length
polymorphism (RFLP) analysis [14, 15]. The Afut1 DNA probe,
a 6.9-kb retrotransposon-like repeated DNA element, has been
used for RFLP analysis for 12000 environmental or clinical
isolates of A. fumigatus, and it has demonstrated a very high
degree of discrimination and reproducibility [18–20]. Isolates
with an identical Afut1 genotype are rare, occurring in only
3% of all strains, and they do not cluster geographically in the
absence of a common source of exposure [18, 20, 21]. Second,
of the 35 patients who had potential risk of infection, patient
2 had the longest duration of exposure to patient 1 (11 days).
While it is speculative, the duration of exposure of patient 2
suggests that the incubation period for human aspergillosis is
!11 days. Third, we demonstrated that changing dressings re-
sulted in a 100-fold increase in the number of A. fumigatus
spores aerosolized from the patient’s abdominal wound. Finally,
no other environmental source of Aspergillus species was iden-
tified in the transplant ICU during the outbreak or by sur-
veillance air sampling, and during the subsequent 24 months,
the rate of nosocomial aspergillosis returned to preoutbreak
levels. Because clinical and environmental A. fumigatus isolates
have been shown to be extremely genetically diverse with no
observable clustering by geographic location, isolation of the
same Afut1 genotype from both patients 1 and 2 is highly
suggestive of nosocomial patient-to-patient transmission [20,

21]. To our knowledge, this is the first report of probable no-
socomial patient-to-patient airborne transmission of Aspergillus
species.

Patient 1 had multiple risk factors for invasive Aspergillus
infection, including early retransplantation, prolonged cumu-
lative operative time, acute renal failure, and enhanced im-
munosuppression [1, 6, 22]. The patient was probably exposed
to a transient source of A. fumigatus in the transplant ICU or
in other care areas during the 17 days before infection was
detected. Baseline air samples obtained from the transplant ICU
contained A. fumigatus spore counts (1.1 cfu/m3) that were
similar to those of unfiltered outdoor air in North America
(0.2–3.5 cfu/m3) [2].

After recognition of wound aspergillosis, patient 1 was placed
in an open cubicle with an air supply ventilation panel located
directly above the bed. The extent of the wound infection,
frequent dressing changes, and repeated wound debridement
likely resulted in periodic bursts of fungal spores from the
patient’s wound during the 19-day period before A. fumigatus
was first isolated from patient 2. Although smoke testing was
not performed, it is epidemiologically plausible that the cen-
trally located air exhaust panel may have directed the aerosol-
ized A. fumigatus spores from patient 1 across the unit to where
patient 2 was hospitalized. Although 3 of the 4 strains of A.
fumigatus isolated from patient 2 had a hybridization profile
identical to that of patient 1, an isolate with a different Afut1
genotype and A. flavus-oryzae also were isolated from respi-
ratory secretions of patient 2. This finding suggests that patient
2 was exposed to "1 additional source of Aspergillus species
before or during the hospitalization. Infections with mixed As-
pergillus species have been reported among patients with solid-
organ transplants, aspergilloma, and cystic fibrosis [17, 23, 24].

Because invasive diagnostic procedures were not performed,
we cannot exclude the possibility that "1 of the Aspergillus
strain types isolated from patient 2 were associated with col-
onization rather than pulmonary infection. A. fumigatus was,
however, isolated from 3 different tracheal suction specimens
obtained from this patient, and chest radiographs demonstrated
progressive multilobar consolidation consistent with invasive
pulmonary aspergillosis. Other patients undoubtedly were ex-
posed to A. fumigatus spores from the index patient, but in-
fection or colonization was not detected in these patients. We
were unable to identify other significant risk factors for ac-
quisition of the outbreak strain other than duration of exposure
to patient 1 in the transplant ICU.

Although special air-handling, including high-efficiency par-
ticulate air filtration and positive room-air pressure relative to
the corridor, is widely used to decrease the risk of nosocomial
aspergillosis in high-risk bone marrow transplant recipients, it
is less commonly used to protect patients who have received
solid-organ transplants [25–28]. In this investigation, we found
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Figure 1. Top, Mold and necrotic tissue in the midline abdominal wound from the index case that grew Aspergillus fumigatus. Bottom, Examination
of the biopsy specimen demonstrates hyphae invading the blood vessel wall and surrounding tissue. Flowering conidia are visible within the blood
vessel (arrow).

ing periods of construction or renovation [22–30], when in-
creased environmental contamination with Aspergillus species
can occur [31–34]. Although air contamination is often im-
plicated, direct contamination of air-handling systems is un-
usual [22, 34–37]. Alternatively, hospital water systems have
been implicated recently as a source of nosocomial aspergillosis
[38]. Herein, we describe an outbreak of invasive Aspergillus
infection in postsurgical patients that was ultimately traced to
a contaminated air-handling system in an operating theater.

INDEX CASE

A 52-year-old obese woman was admitted to a tertiary care
hospital on 24 October 2000 with a humeral fracture after a
motor vehicle accident. On the following morning, she became
hypotensive, and, during surgery, she had a liver laceration
repaired. There was no evidence of intra-abdominal infection.
The next day, she returned to the operating room to repair 2
additional minor liver lacerations. After the operation, the ab-
dominal wound dehisced. Persistent fevers with leukocytosis
prompted a third surgery on 29 October. The abdominal wound
showed no signs of infection, but purulent peritoneal fluid

and blood cultures grew A. fumigatus. On 2 November, mold
was identified on the open abdominal wound. Debrided tissue
showed invading septate hyphae and an aspergillum with phial-
ides radiating from a conidiophore, which was diagnostic of
A. fumigatus (figure 1).

METHODS

The index case was identified during a third postoperative pe-
riod. Given the unusual nature of the wound infection, and
because of concerns about potential patient-to-patient trans-
mission [15, 39], an outbreak investigation was begun. Inpa-
tients were included if Aspergillus species were recovered from
samples from usually sterile sites or if there was histopatho-
logical confirmation of septate hyphal elements noted during
examination of biopsy specimens obtained by an invasive tech-
nique. This definition is consistent with consensus definitions
for proven deep-tissue fungal infection due to molds [13]. Pa-
tients with only probable or possible invasive Aspergillus in-
fection, per published criteria [13], or who had positive cultures
of specimens obtained within 24 h after admission, were ex-
cluded. In addition, outpatients with culture specimens positive
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Table 2. Airborne particle counts in operating rooms.

Operating theater

Mean no. of !3.0-mm
particles/m3 ! SD, by site log10-fold

changeAt final filter At diffusers

North air-handlersa

Room 1 1 ! 1 209 ! 61 2.3

Room 2 3 ! 1 43 ! 13 1.2

Room 3 1 ! 1 131 ! 36 2.3

Room 4 2 ! 2 455 ! 177 2.3

Room 5 2 ! 1 312 ! 212 2.3

Room 6 6 ! 8 292 ! 110 1.7

Room 7 6 ! 3 73 ! 35 1.1

Room 8 4 ! 1 656 ! 409 2.2

Hallway 1 2 ! 4 501 ! 271 2.3

Hallway 2 1 ! 0 1695 ! 564 3.2

Hallway 3 1 ! 1 728 ! 410 3.0

South air-handlersb

Room 9 19 ! 12 98 ! 44 0.6

Room 11 19 ! 12 76 ! 13 0.5

Hallway 4 19 ! 12 910 ! 886 1.7

Room 13 16 ! 5 46 ! 19 0.3

Room 12 16 ! 5 75 ! 62 0.6

Hallway 5 16 ! 5 150 ! 132 0.9

a Mean no. of !3.0-mm particles/m3 ! SD, 921 ! 23.
b Mean no. of !3.0-mm particles/m3 ! SD, 2093 ! 238.

Figure 4. A, Operating room diffuser showing fiberglass fragments from insulation blown downstream from a variable airflow volume (VAV) unit.
Severe rusting is indicative of intermittent or chronic condensation. B, Interior view of a VAV unit showing deterioration of foil-lined fiberglass insulating
material.

The 6 patients who met the case definition for this outbreak
had Aspergillus infection at anatomic sites that had only been
open to air during surgery. Because we could not contact all
patients who had undergone surgery during the outbreak pe-
riod in October 2000, we cannot eliminate the possibility that
additional patients may have sought care at other health care

facilities. Missing patients, however, would not likely detract

from the conclusions of this investigation.

The recognition of higher airborne particle counts in op-

erating rooms in the size range of Aspergillus conidia (2–4 mm),

compared with counts immediately downstream of final filters,

led to the discovery of deteriorating insulation in VAV units.

Inspection of the operating theater air-handling system also

revealed rust on diffuser grates and moisture in ducts indicative

of long-standing condensation. Only VAV units supplying op-

erating rooms contained wet, contaminated insulation. The

predisposition for insulation in these units to deteriorate may

have been due to moisture generated when colder temperatures

used in operating rooms created condensation in ducts. Pre-

sumably, moist insulation was contaminated with Aspergillus

conidia not removed by final filters. Fiberglass insulation readily

supports the growth of Aspergillus species, but only in the pres-

ence of 150% humidity [42]. We speculate that, in October

2000, a short-lived “bloom” of Aspergillus species may have

released large quantities of conidia into the operating theater

air at points beyond the final filters. The reason for a self-

limited bloom is not clear, but it may be associated with the

lower humidity that came with cooler weather after October.

Although only a small percentage of cultures from VAV units,

ductwork, and diffusers were positive for Aspergillus species,

these tests were performed months after the outbreak had

terminated.

Although local weather conditions may have played a role

in the outbreak, in previous studies, it has been difficult to

associate outdoor concentrations of Aspergillus conidia with

seasons or the weather [39, 43, 44]. During September and

early October 2000, the weather at the hospital was extremely

hot (∼35"C–41"C) and dry. During the week before the sur-
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Healthcare-associated aspergillosis

Aspergillus spp. have been cultured from numerous
hospital sources including unfiltered air, ventilation
systems, contaminated dust dislodged during hospital
renovation and construction, horizontal surfaces, and
food.

Healthcare-associated aspergillosis is most com-
monly acquired via inhalation of airborne spores
resulting in pulmonary aspergillosis. Subsequently, the
fungus may disseminate via the bloodstream to involve
multiple other deep organs. Post-operative wound
infections are felt to result from the deposition of
airborne fungal spores into the wounds at the time of
operation. Primary cutaneous infection may result
from spore deposition on skin damaged or abraded
by tape or adhesive devices (e.g., cardiac monitors) or
result from contact with contaminated materials such
as dressings or arm boards.

Aspergillus spp. and other filamentous fungi have
been isolated from hospital water supplies [15,16].
Anaissie and Costa have proposed that patients can
develop nosocomial aspergillosis via the airborne route
from a hospital water source [17]. However, the strong
association of construction and renovation with Asper-
gillus outbreaks suggests that most outbreaks occur as
a result of airborne spores from non-water environ-
mental sources [18]. The source for sporadic cases of
aspergillosis has not been delineated.

Lessons from healthcare-associated outbreaks

More than 60 outbreaks of aspergillosis in healthcare
facilities have been reported in the English literature
[19,20]. The epidemiology and mechanisms of these
outbreaks, as well as the interventions undertaken to
control the outbreaks provides the foundation for the
current infection control guidelines. Further, outbreaks
of IA continue to be reported despite the development
of preventive guidelines (Fig. 1).

Unless otherwise noted, the summary data reported
below is derived from the excellent review of nosoco-
mial aspergillosis, 1966!2005, by Vonberg and Gast-
meier [20] with the inclusion of additional outbreaks
reported between 1966 and 2005 [21] and outbreaks
reported from 2005!2007 [22!27]. Other excellent
papers have reviewed primary cutaneous apergillosis
[28] and post-operative aspergillosis [29].

Epidemiology

The species ofAspergillus associatedwith outbreakshave
included A. fumigatus, A. flavus, A. terreus, A. niger,
A. glaucus, A. oryzae, and A. ustus (Fig. 2). In many
outbreaks multiple species were involved, or the exact
outbreak pathogen was not speciated or was unknown.

Vonberg and Gastmeier have summarized the under-
lying diseases of 458 patients described in 53 outbreaks
between 1967 and 2005: hematologic malignancy,
299 patients; solid organ transplant, 44 patients; other
immunocompromised patients, 77 patients; and non-
immunocompromised patients, 28 [20]. The overall
mortality among these patients was 55% and by patient
type was as follows: hematologic malignancy 58%,
solid organ transplant 56%, other immunocompromised
patients 52%, and non-immunocompromised patients
39%.

Hospital sources of Aspergillus

Most outbreaks of nosocomial aspergillosis have re-
sulted from contamination of the air due to construc-
tion, renovation, or demolition activities (see Fig. 3).
Outbreaks in the 1970s and 1980s of filamentous fungal
infections (i.e., Aspergillus spp., zygomycetes), often
resulted from sources outside the hospital with inade-
quate ventilation systems (e.g., open windows, non-
filtered air supply, contamination of ventilation system)
[30!35]. Pigeon excreta was suspected to be the source
in two outbreaks [30!32].

Fig. 1 Aspergillus outbreaks reported in the
English literature, 1970!2007 based on year of
publication.
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The source of most outbreaks of nosocomial asper-
gillosis has been internal construction or renovation
with failure to control spread of contaminated dust or
debris [25,36!45]. Importantly, outbreaks have resulted
from construction or renovations on floors above or
below where the infected patients were housed [36,37].
In addition, outbreaks have resulted from construction
in hospital locations remote from where the patients
were housed but where ancillary procedures were
performed such as radiology [38]. Contaminated air
vents or filters have often been the source of infection
[21,31,32,41,46]. Other environmental sources of infec-
tion have included contaminated objects including
syringes and spinal needles [22,23], a liquid nitrogen
tank near the operating room [27], gauze used to cover
venipuncture sites [28], dressing supplies [47], latex
finger stalls [48], and electronic equipment in the
operating room [49]. In some cases water exposure
and damage was determined to be the mechanism of
contamination [28]. Dust above acoustical ceiling tiles
has been a potential ongoing source for Aspergillus
spores leading to nosocomial infections when acoustical
ceiling tiles have been removed or damaged, allowing
airborne dissemination of fungal spores [36,40,50].

Infection sites

Most cases of outbreak-related nosocomial aspergillo-
sis were caused by inhalation of airborne fungal spores
resulting in pulmonary disease. Dissemination from a
pulmonary site is well described. More than 500 cases
of post-operative aspergillosis have been described [29].
Most cases are presumed to result from airborne
infection during the surgical procedure. The majority
of reported cases have been associated with cardiac
surgery, ophthalmological surgery, and dental surgery.
Cutaneous aspergillosis is also well described often as a
result of the use of contaminated dressing materials
[28,47,51].

Relationship between airborne Aspergillus
spore counts and infection risk

Many outbreaks have assessed the relationship of
Aspergillus spore counts and infection risk [20]. High
numbers of spores have often been found in the air
during an outbreak, with significant reductions follow-
ing remediation efforts such as cleaning contaminated
filters, improving airflow, and eliminating intake of
air from locations with high ambient spore levels
(e.g., intake near refuse or internal construction).
However, it has been impossible to relate a specific
number of airborne spores to a quantifiable infection
risk among patients, including highly immunocompro-
mised patients. For this reason, no recommendation
has been made by the CDC regarding routine micro-
biologic air sampling before, during, or after facility
construction or renovation, or before or during occu-
pancy of areas housing immunocompromised patients.

Molecular typing

Molecular typing of Aspergillus spp. has been exten-
sively reviewed by Birth and colleagues [52]. The

Fig. 2 Distribution of Aspergillus species re-
ported in outbreaks, 1967!2007. If an outbreak
included patients with a single species isolated
and non-speciated Aspergillus strains, it was
coded as the species isolated. If an outbreak
had included patients with multiple species iso-
lated and non-speciated Aspergillus strains, it was
coded as a mixed infection.
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The source of most outbreaks of nosocomial asper-
gillosis has been internal construction or renovation
with failure to control spread of contaminated dust or
debris [25,36!45]. Importantly, outbreaks have resulted
from construction or renovations on floors above or
below where the infected patients were housed [36,37].
In addition, outbreaks have resulted from construction
in hospital locations remote from where the patients
were housed but where ancillary procedures were
performed such as radiology [38]. Contaminated air
vents or filters have often been the source of infection
[21,31,32,41,46]. Other environmental sources of infec-
tion have included contaminated objects including
syringes and spinal needles [22,23], a liquid nitrogen
tank near the operating room [27], gauze used to cover
venipuncture sites [28], dressing supplies [47], latex
finger stalls [48], and electronic equipment in the
operating room [49]. In some cases water exposure
and damage was determined to be the mechanism of
contamination [28]. Dust above acoustical ceiling tiles
has been a potential ongoing source for Aspergillus
spores leading to nosocomial infections when acoustical
ceiling tiles have been removed or damaged, allowing
airborne dissemination of fungal spores [36,40,50].

Infection sites

Most cases of outbreak-related nosocomial aspergillo-
sis were caused by inhalation of airborne fungal spores
resulting in pulmonary disease. Dissemination from a
pulmonary site is well described. More than 500 cases
of post-operative aspergillosis have been described [29].
Most cases are presumed to result from airborne
infection during the surgical procedure. The majority
of reported cases have been associated with cardiac
surgery, ophthalmological surgery, and dental surgery.
Cutaneous aspergillosis is also well described often as a
result of the use of contaminated dressing materials
[28,47,51].

Relationship between airborne Aspergillus
spore counts and infection risk

Many outbreaks have assessed the relationship of
Aspergillus spore counts and infection risk [20]. High
numbers of spores have often been found in the air
during an outbreak, with significant reductions follow-
ing remediation efforts such as cleaning contaminated
filters, improving airflow, and eliminating intake of
air from locations with high ambient spore levels
(e.g., intake near refuse or internal construction).
However, it has been impossible to relate a specific
number of airborne spores to a quantifiable infection
risk among patients, including highly immunocompro-
mised patients. For this reason, no recommendation
has been made by the CDC regarding routine micro-
biologic air sampling before, during, or after facility
construction or renovation, or before or during occu-
pancy of areas housing immunocompromised patients.

Molecular typing

Molecular typing of Aspergillus spp. has been exten-
sively reviewed by Birth and colleagues [52]. The

Fig. 2 Distribution of Aspergillus species re-
ported in outbreaks, 1967!2007. If an outbreak
included patients with a single species isolated
and non-speciated Aspergillus strains, it was
coded as the species isolated. If an outbreak
had included patients with multiple species iso-
lated and non-speciated Aspergillus strains, it was
coded as a mixed infection.
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Kuwait’s	
  experience	
  
•  Kuwait	
  Cancer	
  Control	
  Centre	
  (KCCC);	
  	
  200	
  bed	
  hospital	
  

•  4	
  cases	
  of	
  Aspergillosis	
  iden1fied	
  (23	
  June	
  -­‐	
  25	
  November	
  
2010)	
  
•  Ac1ons	
  taken	
  arer	
  iden1fica1on	
  of	
  2	
  cases	
  of	
  
pulmonary	
  Aspergillosis	
  

•  2	
  deaths	
  –	
  CNS	
  Aspergillosis,	
  mul1-­‐organ	
  failure	
  

Water-­‐borne	
  infections	
  
•  Plumbing	
  system	
  

•  Leaking	
  water	
  pipes	
  causing	
  damage	
  to	
  false	
  ceiling	
  

•  Dust	
  and	
  mold	
  par1cles	
  were	
  dispersed	
  	
  

•  Soil	
  contaminated	
  with	
  Legionella	
  sp.	
  entered	
  water	
  
supply	
  at	
  1me	
  of	
  installa1on	
  of	
  new	
  pipes	
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Water	
  damaged	
  ceiling	
  tile	
  
with	
  fungal	
  growth	
  

Water-­‐borne	
  infection	
  
prevention	
  
•  Regular	
  maintenance	
  and	
  inspec1on	
  of	
  water	
  supply	
  system	
  
to	
  minimize	
  stagna1on	
  and	
  back	
  flow	
  and	
  for	
  temperature	
  
control	
  

•  Regular	
  clean	
  and	
  maintain	
  water	
  faucet	
  aerators	
  to	
  prevent	
  
and	
  control	
  for	
  Legionella	
  

•  Avoid	
  decora1ve	
  water	
  fountains	
  in	
  high	
  risk	
  pa1ent	
  care	
  
areas	
  

•  Where	
  fountains	
  are	
  used	
  -­‐	
  regular	
  clean	
  and	
  maintained	
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It	
  can	
  also	
  affect	
  workers!	
  
•  Outbreak	
  of	
  coccidioidomycosis	
  in	
  a	
  12-­‐person	
  civilian	
  
construc1on	
  crew	
  that	
  excavated	
  soil	
  during	
  an	
  
underground	
  pipe	
  installa1on	
  on	
  Camp	
  Roberts	
  Military	
  
Base,	
  California	
  in	
  October	
  2007	
  
•  Ten	
  (83.3%)	
  workers	
  developed	
  symptoms	
  of	
  
coccidioidomycosis	
  

•  Eight	
  (66.7%)	
  had	
  serologically	
  confirmed	
  disease	
  
•  Seven	
  had	
  abnormal	
  chest	
  radiographs,	
  	
  
•  One	
  developed	
  disseminated	
  infec1on	
  

•  None	
  used	
  respiratory	
  protec1on	
  

Cummins et al 

Other	
  bugs	
  to	
  
look	
  out	
  for	
  

171	
  pa1ents	
  during	
  a	
  six-­‐
month	
  period	
  coinciding	
  with	
  
large-­‐scale	
  construc1on	
  work	
  
beside	
  the	
  hospital	
  	
  
	
  
Most	
  pa1ents	
  presented	
  with	
  
bacteraemia	
  (146/171;	
  
85.4%)	
  with	
  46/171	
  (26.9%)	
  
requiring	
  extended	
  
treatment	
  courses	
  with	
  
vancomycin	
  or	
  other	
  
interven1ons	
  

Balm MND et al 
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Sampling confirmed extensive airborne dispersal inside the hospital, including 
isolation rooms and air-conditioned wards. Hospital linen was heavily 
contaminated [7403 cfu/cm2; 95% confidence interval (CI): 6349 - 8457; for 30 
towels sampled], encouraged by inappropriate storage in airtight plastic bags 
(4437 cfu/cm2; CI: 3125 - 5750) compared with storage in porous canvas bags 
(166 cfu/cm2; CI: 76 - 256; P < 0.001) 

•  4	
  episodes	
  of	
  peritoni1s	
  involved	
  infec1on	
  by	
  more	
  than	
  
one	
  organism	
  

•  Air	
  sampling	
  of	
  the	
  environment	
  detected	
  a	
  median	
  of	
  
110	
  colony	
  forming	
  units	
  of	
  bacteria	
  per	
  cubic	
  meter	
  of	
  
air,	
  10%	
  of	
  which	
  were	
  found	
  to	
  be	
  Acinetobacter	
  
baumanii	
  
•  The	
  source	
  of	
  this	
  polymicrobial	
  outbreak	
  was	
  aWributed	
  to	
  the	
  
bamboo	
  scaffolding	
  structure	
  covering	
  the	
  external	
  wall	
  of	
  the	
  
hospital	
  during	
  renova1on	
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Design	
  matters!	
   E.	
  meningosep8ca	
  was	
  
more	
  likely	
  to	
  be	
  
recovered	
  from	
  an	
  
aerator	
  in	
  a	
  hand	
  
hygiene	
  sink	
  frequently	
  
used	
  for	
  rinsing	
  re-­‐
usable	
  pa1ent	
  care	
  
items	
  or	
  disposal	
  of	
  
pa1ent	
  secre1ons	
  
(odds	
  ra1o	
  6.65,	
  95%	
  
confidence	
  interval	
  
2.22	
  -­‐	
  19.92;	
  P	
  <	
  0.001)	
  
compared	
  with	
  sinks	
  
that	
  were	
  not	
  misused	
  

Balm MND et al 

Sources	
  of	
  concern	
  
• Building	
  /	
  renova1on	
  site	
  

• Plumbing	
  system	
  

• Ven1la1on	
  system	
  



34	
  

To	
  minimize	
  risk	
  of	
  HAIs	
  
• Proac1ve	
  risk	
  assessment	
  before	
  construc1on	
  

•  Infec1on	
  control	
  risk	
  assessment	
  (ICRA)	
  matrix	
  

• Control	
  measures	
  implemented	
  

• Monitoring	
  to	
  assess	
  efficacy	
  of	
  control	
  
measures	
  

Conclusion	
  
• Building	
  /	
  renova1on	
  in	
  healthcare	
  IS	
  DIFFERENT	
  
from	
  that	
  at	
  other	
  places	
  

• Difference	
  is	
  we	
  have	
  immunocompromised	
  
pa1ents	
  in	
  the	
  facility	
  
•  They	
  need	
  good	
  indoor	
  air	
  quality	
  


