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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
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)
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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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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
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2
Rinaldi, Brian L. Wickes, and Mark
M. Huycke1
riod in October 2000, we cannot eliminate the possibility that
2
additional
sought care of
at other
health care
Research, Department of Veterans Affairs
Medicalpatients
Center,may
andhave
Departments
Pathology

Clinical Infectious Diseases 2003; 37:786–93
! 2003 by the Infectious Diseases Society of America. All rights reserved.
1058–4838/2003/3706-0007$15.00

The Muchmore Laboratories for Infectious Diseases
and 3Microbiology and Immunology, University of Texas Health Sciences Center, San Antonio, Texas

1

Downloaded from https://academic.oup.com/cid/article-abstract/37/6/786/299040 by KK Womens & Childrens Hos

a

normally ster
typical fungal
branching, sep
4 mm in width
Aspergillus
mial infection
promised pati
Wound infect
been reported
21]. Hospital-

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. Presumably, 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 presence 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 selflimited 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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An outbreak of Aspergillus infection
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
Figure
4. A,
A, Operating
room diffuser
showingdiffuser
fiberglass
fragments
from insulation
blown downstream
from a variable airflow
Operating
room
showing
fiberglass
fragments
fromvolume (VAV) unit.
Severe rusting is indicative
of intermittentthat
or chronic
condensation.
B, Interior view of a VAV unit showing deterioration of foil-lined fiberglass insulating
were identified after the operating theater air-handling systems were remediated,
suggesting
this
unusual
material. insulation blown downstream from a variable airflow volume
outbreak was due to the deterioration of insulating material in variable airflow volume units.

(VAV) unit. Severe rusting is indicative of intermittent or chronic
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condensation.
acquired immune disorders [1–5]. Predisposing host

Aspergillus species are ubiquitous thermotolerant molds
that produce numerous conidia 2–4 mm in diameter.
factors include defects in alveolar macrophages, which
B, Interior view of a VAV unit showing deterioration of foil-lined
The small size of these fungal spores allows ready diskill conidia, and neutrophils, which kill hyphae [6, 7].
fiberglass insulating material.
persion on air currents and deposition into human alAlthough immunocompromised patients are predisFigure 1. Top, Mold and necrotic tissue in the midline abdominal wound from the index case that grew Aspergillus fumigatus. Bottom, Examination
veoli. However, despite routine inhalation of these
posed to invasive infections, these infections are disof the biopsy specimen demonstrates hyphae invading the blood vessel wall and surrounding tissue. Flowering conidia are visible within the blood
vessel (arrow).
spores, Aspergillus species remain an uncommon cause
tinctly uncommon in immunocompetent persons [8–
of disease. These fungi are only occasionally associated
12], accounting for !10% of all cases in a recent large
and blood cultures grew A. fumigatus. On 2 November, mold
ing periods of construction or renovation [22–30], when inwith colonizing syndromes (e.g., aspergilloma,
allergic
series [2].
was identified on the open abdominal wound. Debrided tissue
creased environmental contamination with Aspergillus species
aspergillosis,
or chronic
sinusitis)
showed invading
septate hyphae and
an aspergillumfumigatus
with phial- and Aspergillus flavus account
can occurbronchopulmonary
[31–34]. Although air contamination
is often imAspergillus
plicated, direct contamination of air-handling systems is un-

ides radiating from a conidiophore, which was diagnostic of
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Random amplification
of polymorphic DNA
(RAPD) analysis of
Aspergillus fumigatus
isolates using 2
primers

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 98407. Although several isolates show similar DNA patterns when only 1 primer was used, none are identical when patterns generated by both primers
are compared.

Results of investigations
Findings

Recommendations

• Hot weather, frequent rains

• VAV units should not be used downstream of
humidification systems or be allowed to
interfere with air exchanges in patient care
area

• 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

• 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

www.elsevierhealth.com/journals/jhin
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Nosocomial aspergillosis in outbreak settings
R-P. Vonberg*, P. Gastmeier
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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)

Aspergillus – basic life cycle

Spore release (air)

Fungal growth
(surfaces)

(Particle) size matters
Aspergillus fumigatus
3µm
Cladosporium sp.
5µm
Aspergillus niger
8µm
Alternaria sp.
10µm

Adapted from Steifel, Hospital
Epidemiology and Infection Control, 1999

0.3 cm/sec

0.1 cm/sec

0.07 cm/sec

0.03 cm/sec

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

Journal of Hospital Infection (2008) 69 , 33e38
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Aspergillosis outbreak during building works
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Successful control of an outbreak of invasive
aspergillosis in a regional haematology
unit during hospital construction works*
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Aspergillosis outbreak during building works
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• 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.

Anteroom
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Construction
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• 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.

Figure 1. Diagram of construction. In our hospital, the 4th floor intensive-care unit 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, two large clean rooms for four 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

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

are mandatory to identify healthcare-associate
transplantation units.

Rapid diagnosis and treatment of mucormycosis a
gent in clinical mycology. Indeed, the environmen
amentous fungi of the order Mucorales are able to q
disseminate because of their vascular tropism [1
lowing trauma in contact with soil or decaying matt
Mucormycosis is also one of the most sever
portunistic infections in patients who have rec
a transplant, those with diabetes, and those wit
matological malignancies [3–7]. Overall, mucorm
represents 7.2%–8% of invasive fungal infections
cipients of stem cell transplant and 2% in solid
transplantation (SOT) recipients [3, 8–10].
The incidence of mucormycosis has increased
past 20 years, in part due to the increasing u
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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?

rium infection in a cohort of contemporaneous patients at a
university hospital. The single-center approach, with cases
identiﬁed by laboratory detection, allows capture of the full
spectrum of infection from colonization to invasive infection. Scedosporium spp. were detected in a broad range of
patients and clinical settings. However, there were distinct
differences in epidemiology, clinical manifestations, antifungal susceptibility patterns, and outcomes between S.
prolificans and S. apiospermum.
Previous reviews have focused on invasive cases reported (10,27,28), but this approach is limited by both selection and publication bias (29) and does not describe the

Value of surveillance

tion pressure caused by changes in antifungal prophylaxis
practices (33). This ﬁnding did not appear to be the explanation in our patients because ﬂuconazole 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).

2 peaks that coincided with construction work

Figure. Epidemiologic curve of isolation of Scedosporium spp. isolation, Australia, June 1997–December 2003. S. prolificans was ﬁrst
Infectious
Diseases
Vol. 13, No.
8, August
2007
identiﬁed in December 1999 and hadEmerging
2 peaks that
coincided
with construction
work.
S. apiospermum
was isolated at a constant rate of
1–2 times per 3-month period.
1174
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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

Vaneometer

Movement of plastic sheet

Thin plastic indicator sheet

Work site behind the hoarding

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

