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Fungal infections

• Yeast
• Candida auris
• Cryptococcus neoformans

•Mould
• Aspergillus fumigatus
• Scedosporium
• Histoplasma capsulatum



Cluster of Cryptococcus neoformans Infections in 
Intensive Care Unit, Arkansas, USA, 2013

Emerg Infect Dis.  2015 Oct; 21(10): 1719–1724

Cluster of 6 during April–December 2013

• 4  bloodstream infection, 2 had respiratory infection; 3 infections occurred within a 10-day 

period; 5 patients had been admitted to the intensive care unit (ICU) 



Investigation findings

• Roof had been a roost for pigeons x 6 years

• Leaking roof x 3 years, off and on

• Environmental sampling negative for Cryptococcus



Patient seriously ill with new fungal infection at 
Glasgow superhospital
27 Jan 2019

Scottish Government 
announced a review 
into the design of the 
Queen Elizabeth 
University Hospital 
after the deaths of two 
patients



Two dead after pigeon droppings infection at Glasgow hospital 
Patients believed to have inhaled Cryptococcus at Queen Elizabeth University 
hospital 
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Outbreak of Invasive Aspergillus Infection
in Surgical Patients, Associated
with a Contaminated Air-Handling System

Brock D. Lutz,1 Jiankang Jin,2 Michael G. Rinaldi,3 Brian L. Wickes,2 and Mark M. Huycke1
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An outbreak of Aspergillus infection at a tertiary care hospital was identified among inpatients who had
amputation wounds, peritonitis, allograft nephritis, or mediastinitis. During a 2-year period, 6 patients were
identified, all of whom had Aspergillus species recovered from samples from normally sterile sites. All cases
clustered in the operating theater during a single 12-day period. To assess operating theater air quality, particle
counts were measured as surrogate markers for Aspergillus conidia. A substantial increase in the proportion
of airborne particles !3 mm in size (range, 3-fold to 1000-fold) was observed in many operating rooms. A
confined space video camera identified moisture and contamination of insulating material in ductwork and
variable airflow volume units downstream of final filters. No additional invasive Aspergillus wound infections
were identified after the operating theater air-handling systems were remediated, suggesting that this unusual
outbreak was due to the deterioration of insulating material in variable airflow volume units.

Aspergillus species are ubiquitous thermotolerant molds
that produce numerous conidia 2–4 mm in diameter.
The small size of these fungal spores allows ready dis-
persion on air currents and deposition into human al-
veoli. However, despite routine inhalation of these
spores, Aspergillus species remain an uncommon cause
of disease. These fungi are only occasionally associated
with colonizing syndromes (e.g., aspergilloma, allergic
bronchopulmonary aspergillosis, or chronic sinusitis)
and rarely cause invasive infection. Individuals at par-
ticular risk for invasive disease include those with pro-
tein-calorie malnutrition, patients receiving chemo-
therapy for malignancy, recipients of bone marrow or
solid-organ transplants, and persons with congenital or
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acquired immune disorders [1–5]. Predisposing host
factors include defects in alveolar macrophages, which
kill conidia, and neutrophils, which kill hyphae [6, 7].
Although immunocompromised patients are predis-
posed to invasive infections, these infections are dis-
tinctly uncommon in immunocompetent persons [8–
12], accounting for !10% of all cases in a recent large
series [2].

Aspergillus fumigatus and Aspergillus flavus account
for the majority of disease-producing species [2]. Es-
tablishing a diagnosis of invasive infection due to As-
pergillus can be difficult. Convincing evidence includes
growth of Aspergillus species from a sample from a
normally sterile site or histopathological evidence of
typical fungal elements invading tissue with acute-angle
branching, septated, nonpigmented hyphae that are 2–
4 mm in width [13].

Aspergillus species are infrequent causes of nosoco-
mial infection. Pulmonary disease in immunocom-
promised patients is the most common presentation.
Wound infections occur much less frequently but have
been reported after cardiac and abdominal surgery [14–
21]. Hospital-associated outbreaks usually occur dur-
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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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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. 
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Figure 3. Random amplification of polymorphic DNA analysis of Aspergillus fumigatus isolates. Hybridization profiles using primers R108 and Opc
10: Lane 1, size marker; lane 2, peritoneal fluid, patient 1; lane 3, Coronary Care Unit environmental isolate; lane 4, patient with pulmonary aspergillosis
in room near patient 1; lane 5, peritoneal fluid, patient 3; lane 6, iliac artery, patient 4; lane 7, aortic graft, patient 5; and lane 8, control sample 98-
407. Although several isolates show similar DNA patterns when only 1 primer was used, none are identical when patterns generated by both primers
are compared.

hallways ∼1 m below diffusers fed by both air-handling systems
had 3–1000-fold increased concentrations of !3-mm particles
(table 2).

This unexpected increase in conidia-sized particles in the
operating theater prompted an investigation of ductwork
downstream of the final filters. Portions of ductwork were vi-
sualized using a confined-space camera. Flecks of foil and bits
of fiberglass insulation were found in several ducts (figure 4).
When VAV units were disassembled foil-covered fiberglass in-
sulation was found that was wet, had deteriorated, and become
blackened. This factory-installed interior insulation was de-
signed for noise reduction. Many diffusers and associated grates
were rusted, indicating condensation in air-handlers. Cultures
of deteriorated insulating material, ductwork, and operating
room and hallway diffusers yielded a wide variety of molds.
Aspergillus species were recovered from 8 (14%) of 56 speci-
mens from the south air-handling system (7 A. fumigatus and
2 Aspergillus niger isolates) and 4 (17%) of 23 specimens from
the north system (1 A. fumigatus and 3 A. flavus isolates).

Subsequently, 107 of 1500 VAV units were inspected in other
operating suites or clinical areas where patients at risk for As-
pergillus infection received care. All units had interior insulating

material, but minimal evidence of deterioration was found in
only 6 units. Remediation was begun in May 2001 and com-
pleted 4 months later. Repairs consisted of removing interior
insulating material, coating interior surfaces of VAV units with
a fungicide (Foster 40-20; Foster Products), and cleaning dif-
fusers. In general, airborne particle counts in the 1.0–10-mm
range were reduced for remediated units, ducts, and diffusers
(data not shown). Through May 2003, no additional post-
surgical Aspergillus wound infections occurred in the hospital.

DISCUSSION

This investigation of invasive Aspergillus infections among post-
surgical patients identified mold contamination in an operating
theater air-handling system. This outbreak was due to insula-
tion in VAV units that had deteriorated after becoming wet.
These units were located downstream of final filters, and, there-
fore, conidia released from mold growing on insulation were
not filtered out before entering the operating theater. The
source of this outbreak was identified through use of a closed-
space video camera that allowed visualization of otherwise in-
accessible ductwork.
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Random amplification 
of polymorphic DNA 
(RAPD) analysis of 
Aspergillus fumigatus 
isolates using 2 
primers 



Results of investigations

Findings
• Hot weather, frequent rains

• Promoted condensation in air ducts in the 
operating theater

• All ORs received 15 ACH through individual 
variable airflow volume (VAV) units located in 
the ducts just downstream from final filters
• VAV units allow adjustment in room air 

exchange rates via airflow dampeners and air 
temperature control via water-jacketed 
radiative elements 

• VAV units installed to improve energy 
efficiency through air- flow and temperature 
control

Recommendations
• VAV units should not be used downstream of 

humidification systems or be allowed to 
interfere with air exchanges in patient care 
area 

• In general, no material should be installed in 
duct- work beyond final filters

• Facilities using VAV units in air-handlers for 
clinical areas where patients are at risk for 
nosocomial infection may wish to verify that 
interior insulating liners are not present or are 
in good condition. 



Lessons learnt

• Design matters
• Ventilation ducts

• Compliance to standards

•Maintenance matters
• A leaking roof is not a small matter



underlying diseases was not described in detail but
all of those diseases did show a relevant immuno-
deficiency. Therefore, these patients were
grouped as described in the Methods section. Mor-
tality was greatest (57.6%) among patients suffer-
ing from haematological malignancies. The
mortality in this group was significantly higher
compared with the mortality of patients without
any known immunodeficiency (39.4%; P< 0.05).

In 24 outbreaks, volumetric air samples in the
hospital and outdoors were taken during the
environmental investigation (Table III). The con-
centration of airborne fungi in patient care areas

Table II Number of patients with different under-
lying diseases and associated mortality

Underlying disease No. of
patients

Mortality
(%)

Haematologic malignancy 299 57.6

Solid organ transplantation 55.9
Renal transplantation 36
Liver transplantation 8

Other immunocompromised
patients

52.3

High-dose steroid therapy 15
Neonates 5
Other malignancy 4
Chronic lung disease 2
ICU patients (‘high risk’) 2
No exact classification
possible

49

Patients without severe
immunodeficiency

39.4

Thoracic surgery 25
Cataract surgery 5
ICU patients (‘low risk’) 5
Other surgical patients 3

Total 458 55.0

ICU, intensive care unit.

Table III Concentration of airborne aspergillus spores (colony-forming units/m3)

Study Site of
renovation

Operating
theatres

Wards, stairs,
elevators

Rooms
(no HEPA)

Rooms
(HEPA)

Outdoor
samples

Arnow et al.57 >235.0 >235.0
Lentino et al.49 0.0 0.0 0.0
Rotstein et al.66 0.0e5.0 0.0e5.0 3.0
Opal et al.68 5.9 1.7 <0.1 0.1
Allo et al.69 0.0e400.0
Perraud et al.70,71 6.0
Sherertz et al.3 0.2 <0.1 <0.1 1.0
Harvey et al.75 0.0 0.0 0.0 0.0
Barnes and Rogers18 133.0 12.0
Arnow et al.44 1.1e>90
Humphreys48 0.0
Richet et al.50 0.0 0.0
Flynn et al.82 >71.0
Buffington et al.24 Took volumetric air samples but did not describe exact results of environmental investigation
Leenders et al.26,84 0.0e<0.1 0.0e<0.1 0.9e1.3
Loo et al.85 6.8
Singer et al.22 0.0
Gaspar et al.87 48.0 5.0e35.0
Thio et al.28 0.8e18.0
Lai88 0.0e5.9 0.0
Oren et al.89 15.0 15.0 0.2
Hahn et al.90 <4.0e>150.0
Pegues et al.23 1.1e106.8
Heinemann et al.33,91,92 <5.0e115.0

HEPA, high-efficiency particulate air.

Figure 1 Distribution of sources of nosocomial asper-
gillus outbreaks.
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Summary Nosocomial aspergillosis represents a serious threat for se-
verely immunocompromised patients and numerous outbreaks of invasive
aspergillosis have been described. This systematic review summarizes
characteristics and mortality rates of infected patients, distribution of
Aspergillus spp. in clinical specimens, concentrations of aspergillus spores
in volumetric air samples, and outbreak sources. A web-based register of
nosocomial epidemics (outbreak database), PubMed and reference lists
of relevant articles were searched systematically for descriptions of asper-
gillus outbreaks in hospital settings. Fifty-three studies with a total of 458
patients were included. In 356 patients, the lower respiratory tract was the
primary site of aspergillus infection. Species identified most often were
Aspergillus fumigatus (154 patients) and Aspergillus flavus (101 patients).
Haematological malignancies were the predominant underlying diseases
(299 individuals). The overall fatality rate in these 299 patients (57.6%)
was significantly greater than that in patients without severe immunodefi-
ciency (39.4% of 38 individuals). Construction or demolition work was often
(49.1%) considered to be the probable or possible source of the outbreak.
Even concentrations of Aspergillus spp. below 1 colony-forming unit/m3

were sufficient to cause infection in high-risk patients. Virtually all
outbreaks of nosocomial aspergillosis are attributed to airborne sources,
usually construction. Even small concentrations of spores have been asso-
ciated with outbreaks, mainly due to A. fumigatus or A. flavus. Patients at
risk should not be exposed to aspergilli.
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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)



Epidemiology
• A. fumigatus is a ubiquitous organism whose primary ecological niche is 

felt to be decomposing vegetable matter

• 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



(Particle) size matters

3µm

5µm

8µm

10µm

Aspergillus fumigatus

Cladosporium sp.

Aspergillus niger

Alternaria sp.

0.3 cm/sec 0.1 cm/sec 0.07 cm/sec 0.03 cm/secAdapted from Steifel, Hospital 
Epidemiology and Infection Control, 1999



Invasive Pulmonary 
Aspergillosis

Fungal Research Trust

Invasive Aspergillosis 
- Pulmonary Infarction

Fungal Research Trust



Aspergillus eye infection



Sources of Aspergillus sp

• Unfiltered air

• Ventilation systems

• Contaminated dust dislodged during hospital renovation and 
construction

• Horizontal surfaces



How do fungi get in?

• Fresh air intakes of HVAC 
systems
• Open doors and windows
• Attached to people’s 

clothes, shoes, and skin
• Attached to new building 

materials



What do fungi need to grow?

• Nutrient Sources

•Warm temperature

•Moisture



Ideal conditions for Aspergillus

Nutrients
• Gypsum board
• Cellulose ceiling tiles
• Carpets
• Upholstery
• Fibreglass lined ducts
• Dirt on surfaces



Sources of moisture

• Roof leaks

• Building envelope cracks

• Condensation on cold 
Surfaces

• Leaking pipes





Dust mats need to be maintained



Vibration may move ceiling boards!

•Watch out for dislodged 
ceiling boards.  

• Call IPC



Dust moves!



Aspergillus outbreak
Infect Control Hosp Epidemiol 2000; 21:18-23

• February, March 1996 – increase in invasive fungal infections noted in leukaemia and BMT patients 
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 positive P
• Pressure differentials, HVAC system checked monthly

• Construction 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





IFI, during this period, voriconazole prophylaxis
(loading 400 mg for two doses followed by 200 mg
twice daily orally) was administered to patients
stratified as ‘high risk’ by their treating clinicians.
Patients receiving vinca alkaloids and cyclophos-
phamide were administered thrice-weekly prophy-
lactic liposomal amphotericin at 3 mg/kg in place
of voriconazole due to potential pharmacokinetic
interactions. Those intolerant to amphotericin
B were administered fluconazole and vigilantly
monitored for development of IFI. Three patients
received amphotericin B prophylaxis.

None of the 18 patients placed on voriconazole or
amphotericin B prophylaxis developed IFI. How-
ever, one man aged 75 years with chronic lympho-
cytic leukaemia treated with methylprednisolone
and rituximab, not stratified as high-risk, was
diagnosed with disseminated IA at post mortem
after presenting with confusion and fevers on 9
July 2006.

Day-oncology was relocated to the new facili-
ties on 11 December 2006 after completion of
construction works and five negative on-site air-
samples were obtained. Fluconazole 200 mg daily

Open walkway
(6th floor: Oncology inpatient 

services) 

Main hospital 

Day
oncology 

Psychiatry
unit New

wing
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main
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1

Engineering and allied health
departments  

4
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2

Oncology
patient 

car park 

Figure 1 Schematic outline of hospital layout. (1) Endoscopy suite; (2) finance department; (3) library; (4) staff
lounge.
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was re-established as routine antifungal prophy-
laxis. Three of the five patients involved in the
outbreak remain alive at end of the current
follow-up period, 31 July 2007. In March 2007,
a further patient with non-Hodgkin’s lymphoma
was diagnosed with IA from a mediastinal biopsy e
notably, part of his earlier chemotherapy coin-
cided with the IA outbreak period.

Discussion

Hospital building works are an ever-present phenom-
enon in modern-day healthcare.7,8 Current guide-
lines call for management plans to be implemented
during times of construction, and our experience
highlights the need for communication between
clinical, management and engineering services at
the hospital.2,9e13 Effective measures include relo-
cation of high-risk patients, masking, wet cleaning,
reducing unnecessary traffic through affected areas,
environmental sealing of construction areas, advice
to patients and air filtration.2,9,13,14

There are conflicting data on the efficacy of
HEPA filters in outbreak control.15e17 We did not
elect to install HEPA filters during this outbreak.
HEPA filters are complex to install and maintain,
and suboptimal maintenance can lead to outbreaks
of aspergillosis.7,11 A meta-analysis of 16 con-
trolled trials in high-risk haematology patients

demonstrated ambiguous findings, with a reduction
in IFI but no difference in mortality, in studies with
considerable clinical heterogeneity and evidence
of publication bias.18

The role of air sampling for fungal spores also
remains controversial. Outbreaks of IFI with neg-
ative air-sampling data have been described pre-
viously.8 The incubation period for IFI remains
unknown and single-point air-sampling may miss
peaks in fungal spores. Further, the lack of stan-
dardized methods to perform air sampling makes
interpretation difficult.

We used voriconazole as antifungal prophylaxis
for high-risk patients during the outbreak in view
of its activity against Aspergillus spp., its avail-
ability in oral and intravenous formulation and
ease of dosing. Voriconazole as primary prophy-
laxis is yet to be supported by clinical trials, but
it has clear efficacy against IA and in secondary
prophylaxis.19 This outbreak occurred prior to
the publication of the posaconazole primary pro-
phylaxis papers.20,21

Criteria for assessing patients at high risk of IFI
are generally based on patient characteristics,
such as underlying disease, degree of immunosup-
pression, chemotherapy utilised and duration of
neutropenia.4,22 It is important also to recognise en-
vironmental factors, reflected in the baseline insti-
tutional rate of IFI and modifying factors such as
building works. We believe that the threshold for
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Figure 2 Timeline of invasive aspergillosis outbreak.
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Summary We report the successful control of an outbreak of six cases of
nosocomial invasive aspergillosis (IA) in our haematology unit coinciding
with major hospital construction works. Infection control changes included
unit relocation, impermeable barriers at construction site, face-masking
and voriconazole prophylaxis of 18 further high-risk patients, none of
which developed breakthrough IA. A multi-faceted pre-emptive approach
involving clinicians, hospital management, engineering and building
departments is essential in preventing nosocomial IA outbreaks.
Crown Copyright ª 2008 Published by Elsevier Ltd on behalf of The Hospital
Infection Society. All rights reserved.

Introduction

Invasive aspergillosis (IA) remains the leading
infective cause of infectious mortality in most
haematology and bone marrow transplant units.1

Hospital building works is an established risk factor
for invasive fungal infections (IFI).2,3 Risk stratifi-
cation for IFI by host-related factors is well-

established.4 Less attention has been given to
institutional risk factors such as the presence of
construction works. We report an outbreak of six
cases of IA in our haematology unit and describe
the successful implementation of environmental
measures and voriconazole prophylaxis.

* Presented in part at the Australasian Society of Infectious Diseases (ASID) meeting, Hobart, Tasmania, 23 March 2007.
* Corresponding author. Address: Department of Infectious Diseases, Geelong Hospital, Ryrie Street, Geelong, Victoria 3220,

Australia. Tel.: þ61 3 5260 3205; fax: þ61 3 5260 3040.
E-mail address: eugene@barwonhealth.org.au

0195-6701/$ - see front matter Crown Copyright ª 2008 Published by Elsevier Ltd on behalf of The Hospital Infection Society.
All rights reserved.
doi:10.1016/j.jhin.2008.02.010

Journal of Hospital Infection (2008) 69 , 33e38

Available online at www.sciencedirect.com

www.elsevierhealth.com/journals/jhin

Successful control of an outbreak of invasive
aspergillosis in a regional haematology
unit during hospital construction works*

C.C. Chang a, A.C. Cheng a, B. Devitt b, A.J. Hughes a,
P. Campbell b, K. Styles c, J. Low c, E. Athan a,*

a Department of Infectious Diseases, Geelong Hospital, Geelong, Victoria, Australia
b Clinical Haematology Unit, Geelong Hospital, Geelong, Victoria, Australia
c Infection Prevention Unit, Geelong Hospital, Geelong, Victoria, Australia

Received 19 November 2007; accepted 7 February 2008
Available online 3 April 2008

KEYWORDS
Aspergillosis;
Outbreak;
Construction;
Haematology;
Voriconazole

Summary We report the successful control of an outbreak of six cases of
nosocomial invasive aspergillosis (IA) in our haematology unit coinciding
with major hospital construction works. Infection control changes included
unit relocation, impermeable barriers at construction site, face-masking
and voriconazole prophylaxis of 18 further high-risk patients, none of
which developed breakthrough IA. A multi-faceted pre-emptive approach
involving clinicians, hospital management, engineering and building
departments is essential in preventing nosocomial IA outbreaks.
Crown Copyright ª 2008 Published by Elsevier Ltd on behalf of The Hospital
Infection Society. All rights reserved.

Introduction

Invasive aspergillosis (IA) remains the leading
infective cause of infectious mortality in most
haematology and bone marrow transplant units.1

Hospital building works is an established risk factor
for invasive fungal infections (IFI).2,3 Risk stratifi-
cation for IFI by host-related factors is well-

established.4 Less attention has been given to
institutional risk factors such as the presence of
construction works. We report an outbreak of six
cases of IA in our haematology unit and describe
the successful implementation of environmental
measures and voriconazole prophylaxis.

* Presented in part at the Australasian Society of Infectious Diseases (ASID) meeting, Hobart, Tasmania, 23 March 2007.
* Corresponding author. Address: Department of Infectious Diseases, Geelong Hospital, Ryrie Street, Geelong, Victoria 3220,

Australia. Tel.: þ61 3 5260 3205; fax: þ61 3 5260 3040.
E-mail address: eugene@barwonhealth.org.au

0195-6701/$ - see front matter Crown Copyright ª 2008 Published by Elsevier Ltd on behalf of The Hospital Infection Society.
All rights reserved.
doi:10.1016/j.jhin.2008.02.010

Journal of Hospital Infection (2008) 69 , 33e38

Available online at www.sciencedirect.com

www.elsevierhealth.com/journals/jhin



Intern Med Advance Publication DOI: 10.2169/internalmedicine.0269-17
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Figure　1.　Diagram of construction. In our hospital, the 4th floor intensive-care unit was recon-
structed from September 2013 to May 2014. Nurse call speakers were also repaired in the 8th floor 
hematology ward in December 2013. In addition, two large clean rooms for four patients in the hema-
tology ward were constructed internally from January 2014 to February 2014. A partition was in-
stalled between the patient area and construction site. The source of the outbreak was suspected to be 
the construction area on the 4th floor, which did not have a sufficient negative pressure system to 
remove dust from construction workers. A unit with a negative pressure system was subsequently 
constructed beside the construction area in January 2014.
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Materials and Methods

Reconstruction

In our hospital, the 4th floor intensive-care unit was re-
constructed from September 2013 to May 2014. Nurse call
speakers were also repaired in the 8th floor hematology
ward in December 2013. In addition, two large clean rooms
for four patients in the hematology ward were constructed
internally from January to February 2014. A partition was
installed between the patient area and the construction site.
An anteroom was to be constructed, and workers were re-
quired to pass through the anteroom so that they could be
cleaned using a HEPA vacuum cleaner. The source of the

outbreak was suspected to be the construction area on the 4
th floor, which did not have a sufficient negative pressure
system to remove dust from the construction workers. A unit
with a negative pressure system was subsequently con-
structed beside the construction area in January 2014
(Fig. 1).

Environmental assessment

The infection control team (ICT) performed an environ-
mental assessment once a week during construction accord-
ing to the infection control risk assessment (ICRA). During
this assessment, the barrier between the patient area and
work area, the anteroom and cleaning around the work area
or workwear was checked. The ICT also conducted a daily
environmental assessment to determine the outbreak source

• 4th floor ICU was reconstructed from September 
2013 to May 2014. 

• Nurse call speakers were also repaired in the 8th 
floor hematology ward in December 2013. 

• In addition, 2 large clean rooms for 4 patients in 
the hematology ward were constructed internally 
from January 2014 to February 2014. 

• A partition was installed between the patient area 
and construction site. 

• The source of the outbreak was suspected to be 
the construction area on the 4th floor, which did 
not have a sufficient negative pressure system to 
remove dust from construction workers. 
• A unit with a negative pressure system was 

subsequently constructed beside the 
construction area in January 2014. Intern Med Advance Publication 

DOI: 10.2169/internalmedicine.0269-17 



Lessons learnt

• Control measures – hoarding, etc

• Immunocompromised patients need added precautions
• HEPA filtered ward,
• May need to relocate patients esp. where construction is nearby 

and cannot be assured of protection from dust



Mucormycosis • Adult Solid Organ Transplant 
Recipients at an Acute Care 
Hospital — Pennsylvania, 2014–
2015 (MMWR)
• Avoiding putting 

immunnocompromosed patients 
in negative P rooms

• Rhinocerebral mucormycosis at 
a hospital in Kansas (2014)
• Nearby construction – leak on wall
• Patients were placed in rooms that 

shared a hallway with construction 
traffic 



S U P P L E M E N T A R T I C L E

Healthcare-Associated Mucormycosis

Blandine Rammaert,1,2 Fanny Lanternier,1 Jean-Ralph Zahar,3 Eric Dannaoui,2,4 Marie-Elisabeth Bougnoux,5
Marc Lecuit,1,6 and Olivier Lortholary1,2

1Université Paris-Descartes, Sorbonne Paris Cité, Hôpital Necker-Enfants Malades, Service des Maladies Infectieuses et Tropicales, APHP, Centre
d'Infectiologie Necker-Pasteur; 2Institut Pasteur, Unité de Mycologie Moléculaire, Centre National de Référence Mycologie et Antifongiques, CNRS
URA3012; 3Université Paris-Descartes, Sorbonne Paris Cité, Hôpital Necker-Enfants Malades, Service de Microbiologie, APHP, Centre d'Infectiologie
Necker-Pasteur; 4Université Paris-Descartes, Sorbonne Paris Cité, Hôpital Georges Pompidou, Unité de Parasitologie-Mycologie, Service de Microbiologie,
APHP; 5Université Paris-Descartes, Sorbonne Paris Cité, Hôpital Necker-Enfants Malades, Unité de Parasitologie-Mycologie, Service de Microbiologie, APHP,
Centre d'Infectiologie Necker-Pasteur; and 6Institut Pasteur, Groupe Microorganismes et Barrières de l'Hôte, Inserm Avenir, Paris, France

Mucormycosis is a severe emerging invasive fungal infection that occurs as a consequence of environmental
exposure. We exhaustively reviewed all the cases of mucormycosis (European Organisation for Research and
Treatment of Cancer/Mycoses Study Group 2008 criteria) attributed to healthcare procedures that occurred
between 1970 and 2008. A total of 169 cases were studied (29% children, 61% male). Major underlying diseases
were solid organ transplantation (24%), diabetes mellitus (22%), and severe prematurity (21%). Skin was the most
common localization (57%), followed by gastrointestinal tract (15%). Culture results were available in 75% (92%
positive), and results of histological examination were positive in 95%. Rhizopus was the most frequent genus
(43%). Infection portal of entry included surgery and presence of medical devices such as catheters or adhesive tape.
Outbreaks and clusters were related to adhesive bandages (19 cases), wooden tongue depressors (n 5 5), ostomy
bags (n5 2), water circuitry damage (n5 2), and adjacent building construction (n5 5). Thorough investigations
are mandatory to identify healthcare-associated mucormycosis, notably in neonatology, hematological, and
transplantation units.

Rapid diagnosis and treatment of mucormycosis are ur-

gent in clinical mycology. Indeed, the environmental fil-

amentous fungi of the order Mucorales are able to quickly

disseminate because of their vascular tropism [1] fol-

lowing trauma in contact with soil or decaying matter [2].

Mucormycosis is also one of the most severe op-

portunistic infections in patients who have received

a transplant, those with diabetes, and those with he-

matological malignancies [3–7]. Overall, mucormycosis

represents 7.2%–8% of invasive fungal infections in re-

cipients of stem cell transplant and 2% in solid organ

transplantation (SOT) recipients [3, 8–10].

The incidence of mucormycosis has increased in the

past 20 years, in part due to the increasing use of

immunosuppressive drugs or to prolonged antifungal

treatments lacking activity against Mucorales [7, 11], such

as caspofungin or voriconazole, the latter enhancing

Rhizopus oryzae virulence [12]. Accordingly, the first-line

therapy for most experts is a lipid formulation of am-

photericin B in association with aggressive surgery [13].

The diagnosis remains challenging. For any other path-

ogen, culture is the preferred method for identifying ge-

nus and species, but histopathological examination

remains essential. Molecular tools have been recently

developed to identify different Mucorales directly from

tissue samples [14]. Nevertheless, as a consequence of

delayed diagnosis and lack of optimal treatment, the

mortality remains very high and risk factors for death,

such as therapeutic delay, have recently been in-

dividualized [6, 7, 10, 15].

Hospitalization and ambulatory care represent risk

factors that are well known for infection caused by

bacteria, yeasts, or Aspergillus species. However, the

occurrence of mucormycosis during healthcare proce-

dures is not well documented and is probably under-

estimated. Moreover, the epidemiological and clinical

Correspondence: O. Lortholary, MD, PhD, Service des Maladies Infectieuses
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gum, a product derived from the sap of an exotic tree, were

identified as the source of R. oryzae [96]. Isolated cases related to

the use of ostomy bags have also been reported in a premature

infant [76] and in an adult with renal insufficiency [107].

Wooden Tongue Depressors

An outbreak in 4 premature infants was reported in 1996 in

England [105]. Wooden tongue depressors inserted into a piece

of foam tubing were used as splints for intravenous and arterial

cannulation sites. Five other clustered cases occurred in 2004 in

Spain [72], related to wooden tongue depressors used to prepare

oral treatments given through a nasogastric catheter.

Environmental Contamination

HCM was documented with environmental samples only in 34 of

169 (20%) cases. All the clusters investigated occurred in hema-

tology (n 5 9) or neonatology units (n 5 2) [60, 78, 79, 87, 90].

Building construction was implicated in 5 cases and was associated

only with pulmonary mucormycosis [78, 79]. Other environ-

mental sources were difficult to investigate. A nasal packing had

probably promoted the occurrence of rhinocerebral mucormy-

cosis in 3 patients with acute leukemia [87], and 2 cases were

associated with water damage in a room [60].

Graft-Transmitted Mucormycosis

Graft may be directly responsible for mucormycosis (24 of 169

cases [14%]), corresponding to 60% of SOT recipients. Clinical

features did not differ from the other HCM. Primary hepatic

mucormycosis occurred only in liver transplant recipients (n5 6)

[5, 74, 75, 108]. Major secondary localizations were lungs and

gastrointestinal tract [74, 75]. Renal mucormycosis presented

as acute rejection in 4 kidney transplant recipients [109–111].

Time from kidney transplantation to diagnosis of mucormycosis

Figure 5. A, Distribution of Mucorales species responsible for healthcare-associated mucormycosis. Rhizopus species included R. oryzae (21 of 73
[29%]), R. microsporus (12 of 73 [16%]), and nonspeciated Rhizopus species (40 of 73 [55%]). B, Distribution of Mucorales species according to the
3 major body site localizations; skin, gastrointestinal tract, and lungs represented 69% of the localizations.
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Contaminated products were produced by a 
single compounding pharmacy in Florida 
• Fungal contamination of 2 different 

compounded products led to an 
outbreak involving 47 cases of fungal 
endophthalmitis
• 21 cases linked to Brilliant Blue G 

intraocular dye (used during retinal 
surgery) contaminated with Fusarium 
incarnatum- equiseti species complex

• 26 cases linked to intravitreal 
injection of triamcinolone acetate 
contaminated with Bipolaris
hawaiiensis

• Products were produced by a single 
compounding pharmacy in Florida 



Compounding laboratory

• Design
•Maintenance
• Are you kept informed of failed sterility tests?
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had MICs of 0.5–1 mg/L for itraconazole and 0.5 mg/L 

for voriconazole.

Epidemiology of Scedosporium spp. 
and Aspergillus spp.

Throughout the study, S. apiospermum was isolated at 

a constant rate (Figure) of 3–6 isolates per year with no 

seasonal clustering. In contrast, S. prolifi cans was fi rst de-

tected in December 1999, and thereafter ≈8 isolates were 

identifi ed annually. Detection of S. prolifi cans continued 

in 2004 with 8 isolates but decreased to 6 in 2005 and 4 in 

2006. Two clusters of infection occurred in autumn 2001 

and 2003 during periods of hospital building that required 

deep excavation. Air, dust, and soil sampling did not de-

tect an environmental fungal source. Aspergillus spp. were 

detected during 1999–2005 (mean 191 persons per year, 

range 153–230). Detection rates for Scedosporium spp. 

and Aspergillus spp. for 2003–2005 were 0.1–0.23/1,000 

separations and 2–3/100,000 inpatient-patient days and 

2.4–3.0/1,000 separations and 53–75/100,000 inpatient-pa-

tient days, respectively.

Discussion
This study describes the epidemiology of Scedospo-

rium infection in a cohort of contemporaneous patients at a 

university hospital. The single-center approach, with cases 

identifi ed by laboratory detection, allows capture of the full 

spectrum of infection from colonization to invasive infec-

tion. Scedosporium spp. were detected in a broad range of 

patients and clinical settings. However, there were distinct 

differences in epidemiology, clinical manifestations, an-

tifungal susceptibility patterns, and outcomes between S. 

prolifi cans and S. apiospermum.

Previous reviews have focused on invasive cases re-

ported (10,27,28), but this approach is limited by both se-

lection and publication bias (29) and does not describe the 

natural history of infection or the prevalence of these infec-

tions. Our series enables the annual incidence of cases, ra-

tio of colonized to infected patients, and natural history of 

colonization to be determined for each species. We showed 

that invasive infections accounted for only 6% of S. ap-
iospermum isolates and for 46% of S. prolifi cans isolates, 

and that isolation of Aspergillus spp. was 20–30 times more 

frequent than that of Scedosporium spp.

S. apiospermum and S. prolifi cans  are colonizers of 

abnormal airways caused by bronchiectasis, cystic fi brosis, 

chronic obstructive pulmonary disease, or lung transplanta-

tion (1,2,6,18,30,31). S. apiospermum was an airway colo-

nizer in <10% of patients with cystic fi brosis in France and 

Australia (1,2), and similar proportions of lung transplant 

recipients were colonized with 1 or both species at 1 cen-

ter in Australia (31). However, there are few reports that 

S. prolifi cans colonized patients with lung disease (6,32). 

In the present study, S. prolifi cans was identifi ed as an 

airway colonizer only after December 1999. The onset of 

invasive infections in HSCT and neutropenic patients oc-

curred in August 2000. S. prolifi cans was fi rst detected at 

the M.D. Anderson Cancer Center in Houston, Texas, after 

2001 (19). Emergence of S. prolifi cans may be related to 

an environmental source that was not identifi ed or selec-

tion pressure caused by changes in antifungal prophylaxis 

practices (33). This fi nding did not appear to be the expla-

nation in our patients because fl uconazole remains standard 

prophylaxis for neutropenia, and itraconazole was used in 

only 1 of 8 patients. Other possible explanations include 

use of more aggressive chemotherapy regimens in patients 

with acute leukemia and the advent of nonmyeloablative 

allografts, which change characteristics of patients selected 

for transplants. The reason for persistence of this organism 

over several years after its initial appearance is also unclear 

but has also been observed by others (19).

Figure. Epidemiologic curve of isolation of Scedosporium spp. isolation, Australia, June 1997–December 2003. S. prolifi cans was fi rst 
identifi ed in December 1999 and had 2 peaks that coincided with construction work. S. apiospermum was isolated at a constant rate of 
1–2 times per 3-month period.

2 peaks that coincided with construction work 
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Value of surveillance



Mould growth on building materials

• Obvious indicators
• Visible growth
• Musty odour

•Water damage
• Ceiling boards
• Wallpaper



Control measures

• Keep dust in

• Protect patients

•Monitor and checks



Control measures to maintain negative 
pressure within the work site

• Isolate HVAC
• Seal air vents, air intakes, 

grills
• Shut down HVAC system
• Add filters



Work site behind the hoarding

Thin plastic indicator sheet

Movement of plastic sheet

Vaneometer



Lessons
• Be involved in design and planning

• The immunocompromised host is very vulnerable
• Best for them to be relocated

• Look beyond Aspergillus……

• Surveillance
• 2 cases of the same type of invasive fungal infections clustered in time and place 

should raise suspicion for an outbreak 
• Surveillance data should be reviewed over time and analysed

• Correlate with construction and renovation activities


