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Foreword

Nosocomial outbreaks of invasive aspergillosis have become a wellrecognised complication of construction, demolition or renovation activities
in or near hospital wards accommodating immunocompromised patients.
Nosocomial aspergillosis is a cause of severe illness and mortality in these
patients.
The purpose of this document is to act as guidance for healthcare staff to
ensure that construction/renovation activities in hospital providing for atrisk patients are undertaken in a safe and appropriate manner to reduce the
risk of infection in these patients. The document outlines the risk factors
contributing to nosocomial invasive aspergillosis and identifies the at-risk
patients. Recommendations are made as to the measures that can be
undertaken to reduce these health risks.
Where construction/renovation projects are planned in hospitals providing
for at-risk patients, a multi-disciplinary team comprising of hospital
administrators, technical services staff, designers, infection control staff
and relevant clinicians should be established to develop and monitor the
implementation of risk management and infection control policies. Clear
lines of communication among all personnel involved must be established
at the planning phase. The protection of vulnerable patients will depend on
the acceptance and effectiveness of implementing infection control
measures which will require a high level of commitment, understanding and
co-operation from all personnel involved in the construction/renovation
project.

Dr Lynda Fenelon
Chairperson
Aspergillus Sub-committee
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Summary of Recommendations
It is recognised that outbreaks of nosocomial invasive aspergillosis may occur in association
with construction/renovation activities. Because of the high mortality rate associated with
invasive aspergillosis in immune suppressed patients, the committee recommends that
measures be implemented in hospitals to control this risk where construction/renovation
activities are planned. The following are the recommendations of the committee:

Organisational duties and responsibilities
That hospital managers ensure that hospitals have an infection control committee with
responsibility for drawing up a hospital policy for the prevention of invasive aspergillosis.
That when major construction work is planned, hospital managers ensure that a multidisciplinary
team comprising hospital administrators, infection control staff, technical services staff,
designers and relevant clinicians in high risk areas is established, and that policies and
procedures are put in place to minimise the risk of invasive aspergillosis that clearly outline the
responsibilities of all personnel involved.

Classification of at-risk patients
That patients are risk assessed and divided into categories according to the degree of risk of
invasive aspergillosis.

Preventive measures to control invasive aspergillosis
That a number of measures be undertaken to protect at-risk patients from exposure to
Aspergillus spores. These measures may be divided into construction and ventilation measures,
infection control measures and chemoprophylaxis.
Construction and ventilation measures should consist of
• Measures to reduce dust from construction areas.
• Measures to physically protect at-risk patients.

Infection Control measures should include
• The education of health care workers, project managers, contractors, design teams,
health and safety supervisors, cleaning supervisors, patients and relatives of the patients
on the risk of invasive aspergillosis and the steps that should be taken to reduce this risk.
• Cleaning procedures directed at reducing dust in clinical areas.
• The control of pedestrian, supply and construction-related traffic.
A Construction Permit should be used to ensure that the construction, ventilation and infection
control measures are appropriately instituted. A sample Construction Permit is provided in
Appendix 1.
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Chemoprophylaxis
• That antifungal chemoprophylaxis is considered in at-risk patients in line with current
guidelines and hospital policy. Chemoprophylaxis may also be considered in at-risk
groups in the presence of construction work if these patients cannot be protected by
environmental measures.
• That each centre evaluates its at-risk population and determines if chemoprophylaxis is
likely to be of benefit.

Diagnostic strategies for invasive aspergillosis
• That all effort be made to ensure an early diagnosis of invasive aspergillosis.
• That a multidisciplinary approach combining clinical, radiological and microbiological
criteria be used to predict the probability of invasive disease.
• That newer technologies, which aid the early diagnosis of infection, continue to be
evaluated and developed.
• That a National Mycology Reference service be developed to improve the management
of aspergillosis and other fungal infections.
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1. Introduction
1.1

Background

Certain types of construction activities can result in increased incidence of invasive aspergillosis
among immunosuppressed patients. Because of the high mortality rate associated with invasive
aspergillosis in these patients, it is essential to minimise these risks. While construction activities are
taking place it is necessary that immunosuppressed patients be protected over that period. As there
is no real consensus worldwide as to how this should be done, there is a real need to develop Irish
National Guidelines to control invasive aspergillosis during hospital construction/renovation activities.
Therefore, with the agreement of the Department of Health and Children, the Scientific Advisory
Committee (SAC) of the National Disease Surveillance Centre (NDSC) established a multidisciplinary
sub-committee of SAC to develop these guidelines.

1.2

Membership of the Sub-Committee

This multidisciplinary sub-committee comprises of representatives from Microbiology, Infection
Control, Haematology, Department of Health and Children, Engineering, Architecture and the National
Disease Surveillance Centre.

1.3

Terms of Reference of the Sub-Committee

The sub-committee was requested to address the following:
1. To identify (a) at-risk patients and (b) risk factors which contribute to invasive aspergillosis in
hospitals during construction/renovation activities.
2. To identify measures to reduce the incidence of invasive aspergillosis.
3. To develop national guidelines for the prevention of invasive aspergillosis during
construction/renovation activities in hospitals.
4. To identify the requirements in relation to the use of reference facilities.
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2. Construction-Associated Nosocomial Invasive
Aspergillosis

2.

A Literature Review

Construction-related indoor fungal aerosol pollution can create unhealthy conditions for susceptible
individuals. The source of such aerosols can originate from outdoor or indoor activity, which causes
the disturbance of settled spores or the disruption of a locus of growth. The release of indoor spore
aerosols may be caused by activities ranging from construction to cleaning. Outdoor sources of
indoor fungal aerosols depend on proximity to such activities as construction or lawn mowing and the
status of building penetrations by aerosolised mould and/or weather conditions. The source of such
an aerosol problem must be recognised and eliminated to protect the health and safety of the building
occupants. Airborne fungi that infect hospital patients are generally in the genus Aspergillus.
Aspergillus species are ubiquitous fungi that commonly occur in soil, water, organically enriched
debris and decaying vegetation.1 Many species of Aspergillus have been recognised in nature but only
a few have been associated with human disease, namely A. fumigatus, A. flavus, A. niger, A terreus
and A. nidulans.1 Aspergillus spp. are responsible for a wide spectrum of human illnesses ranging from
colonisation of the bronchial tree to rapidly invasive and disseminated diseases.2 Invasive aspergillosis
is primarily an infection of severely immunocompromised patients i.e. patients with haematological
malignancies and bone marrow and organ transplants3-6 and is difficult to diagnose and treat.7
Mortality is still high despite new therapies, thus making prevention a high priority in the management
of all at-risk patients.8-12
Nosocomial (i.e. hospital acquired) outbreaks of aspergillosis have become a well-recognised
complication of construction, demolition or renovation work in or near hospital wards in which
immunosuppressed patients are housed. Aspergillus spores are superbly adapted to airborne
dissemination.13 These spores are passively liberated during construction/renovation activities and can
be transported great distances as airborne particles by normal atmospheric conditions such as
convection currents and wind. Airborne transmission is the principal route of transmission of
Aspergillus within the hospital environment. The respiratory tract is the most common portal of entry
and the small diameter of the spores (2.5–3.5 µm) permits them to reach the pulmonary alveolar
spaces, where they may germinate to form hyphae.14 Pulmonary aspergillosis may then develop
following inhalation of airborne fungal spores, and high spore counts within patient-care areas
represent an extrinsic risk factor for invasive disease.15
Cases of aspergillosis may increase dramatically especially in immunocompromised patients during
hospital construction/renovation activities. Hospital outbreaks of aspergillosis have been reported, for
example, in transplantation units,16-18 haematology and oncology units,5,8,19 intensive care units, 20-21 renal
unit11 and medical wards where immunosuppressed patients were nursed.22-23 Summaries of the
documented reports on construction-related aspergillosis outbreaks are outlined in Table 1.
The majority of the outbreaks reported were related to contamination of the hospital air as a result of
the dust and dirt raised during construction, demolition or renovation projects within or adjacent to the
health care facility. Specific construction/maintenance activities included: (i) general construction and
renovation work, (ii) disturbance of soil resulting from earth works associated with building
construction and site development, (iii) removal of suspended ceiling tiles, (iv) removal of fibrous
insulation material, (v) opening up of service distribution shafts. Aspergillosis outbreaks have also
been associated with improper operation and poor maintenance of sophisticated air ventilation
systems. Furthermore, any dust generating activities such as maintaining the ventilation system,
cleaning, vacuuming and dry mopping can render Aspergillus spp. airborne (see Table 1 for details).
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Renal transplant

Haematologic malignancy (2)
Advanced age (1)
Renal transplant (7)

Old cavity TB, Diabetes
Idiopathic thrombocytopenic purpura
Leukaemia, Lung cancer
Chronic obstructive airways disease
Bacterial pneumonia

Leukaemia

Neonatal ward
(premature infants)

A. fumigatus (3)

A. fumigatus
A. flavus

A. flavus (32)

A. flavus (3)
A. fumigatus (2)
A. niger (1)

Aspergillus

Major source of mould was dust above
the false ceiling.

Repair of false ceiling due to water leak
in storeroom housing intravenous supplies.
Adhesive tape and arm boards were
contaminated.

Construction activity adjacent to hospital and
defective ventilation system and air
filtration system.

Window air conditioners in the renal transplant
unit heavily contaminated with Aspergillus spp.
Unit was in close proximity to adjacent road
construction.

Renovation activity in floor above caused
dust to be dispersed from false ceilings in
the renal transplant ward.

Aspergillus spore settled on wet fireproofing
material when installed during construction.
Spores dispersed when the dry fireproofing
material was disturbed above false ceiling
during renovation and maintenance.

Source of Etiologic Agent

2

6

6*

10

3

8

Number of
patients infected

* 32 patients had Aspergillus isolated from a respiratory specimen, however, only 6 patients regarded as infected, the remainder were colonised

Diagnosis not provided
Hospital admits patients with cancer

Underlying Medical Condition

A. niger
A. flavus
A. fumigatus

Etiologic Agent

2

2

1

10

1

3

Number of
deaths

26

25

24

17

16

22

Reference
Number

Table 1. Construction-Related Aspergillus Outbreaks in Hospitals
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Immunosuppressed patients

Leukaemia (22)

Burkitt’s lymphoma (1)
Leukaemia (4)

Bone Marrow Transplant

Immunocompromised

Immunosuppressive therapy for vasculitis

Heart transplant (3)

A. fumigatus (18)

Aspergillus (3)
Zygomycetes (2)

A. fumigatus (6)

A. fumigatus (6)

Aspergillus

A. fumigatus (3)

Underlying Medical Condition

A. flavus (4)
A. fumigatus (1)
A. niger (1)
Other Aspergillus spp.

Etiologic Agent

Connecting bridge between the old and new
unit allowed dust to circulate from the
construction site. In addition, one air vent
was not properly closed.

Construction work and demolition of hospital
buildings adjacent to the medical unit the
patients were housed. Contributing factors:
no special ventilation system and windows
could not be completely closed.

Cluster of cases was due to a common source
outbreak related to construction activity in a
central radiology suite serving the hospital.

Heavy spore contamination resulted from
construction of an adjacent BMT unit.

Exposure to construction activity, windows
could be opened in unit patients were in.

Spores freed into the atmosphere as a result
of demolition of ducts and false ceilings, the
removal of fibrous thermal insulating materials
and work on roller-blind castings.

Not provided. Patients were either located on
the same floor or the floor below the
construction area.

Source of Etiologic Agent

3

3

6

6

5

22

11

Number of
patients infected

2

3

2

6

5

18

11

Number of
deaths

29

23

28

18

27

4

2

Reference
Number

Table 1 continued

Patients in haematology unit

Patients in intensive therapy unit

Bone Marrow Transplant (2)
Leukaemia (1)
Disseminated choriocarcinoma (1)
Diagnosis not available (2)

Patients in Bone Marrow Transplant/
leukaemic unit

Oncology

Patients in burns, dialysis and
oncology units

A. fumigatus

A. terreus (4)

A. flavus (5)
A. fumigatus (6)

A. fumigatus (2)
A. flavus (1)
Unknown (2)

Aspergillus

Underlying Medical Condition

Aspergillus

Etiologic Agent

Air intake vents in units where the patients
were housed had not been covered during
demolition work.

Significant increase of mould in air in patient
rooms and corridors after construction started.
Leaks around windows suspected as the
major source, as amount mould in the air
decreased following sealing these leaks.

Fire in an old building close to the hospital,
and repeated window opening by a patient
shortly afterwards suggest that fungal spores
dispersed during the fire were the source.
The hall carpet then became contaminated
and was an ongoing source of infection until
cleaning regime was altered.

Renovations taking place two floors below
intensive care unit (ICU). Air pressure in ICU
negative to hallway and nearby elevator shaft.

Spores in fibrous insulation material above
perforated metal ceiling dispersed during
minor building in adjacent offices and
stores area.

Large-scale excavation work while hospital
was being rebuilt. The isolation rooms that
housed the patients overlooked the building site.

Source of Etiologic Agent

5

5

13

6

6

5

Number of
patients infected

Not available

Not provided

5

4

3

5

Number of
deaths

32

19

31

21

20

30

Reference
Number

Table 1 continued
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Burn (2)
Trauma (1)
Perforated viscus (1)

Leukaemia (34)
Bone Marrow Transplant (2)

Leukaemia
Cancer

Chronic obstructive airways disease (2)

Renal disease (3)

Rheumatology (5)
Not stated (2)

A. fumigatus
A. niger
A. terreus

Aspergillus

A. flavus (6)
A. fumigatus (1)
M. rhizopus (1)

A. fumigatus (1)

A. fumigatus (3)

A. fumigatus (4)
Aspergillus spp. (3)

Extensive renovation throughout the hospital.
Construction areas were neither sealed off
from patient areas nor under negative pressure
relative to patient-care areas.

Hospital renovation on a unit near the renal unit
where the patients were housed.

Exposure to high concentrations of airborne
Aspergillus spp. following air filter change in ICU.

Directly related to increased spore counts
from soil excavation that occurred during
hospital construction.

Hospital construction may have been related
to the outbreak.

Aspergillus spores dispersed as a result of
renovations in inventory control department.
Settled on supply boxes, packages inside
became contaminated. Patients then infected
when packages opened during dressing changes.

Remodelling of adjacent radiology department.
Dust barriers had not been installed.

Source of Etiologic Agent

7

3

2

8

36

4

3

Number of
patients infected

4

2

2

5

17

Not available

1

Number of
deaths

12

11

10 **

9

8

34

33

Reference
Number

**This report on nosocomial aspergillosis were not construction-related, the author recommends that guidelines for air filter replacement should be included in any guidelines being developed for the
prevention of aspergillosis.

Oncology

Underlying Medical Condition

A. fumigatus (3)

Etiologic Agent

Table 1 continued

3. At-Risk Patients and Risk Factors
3.1

Introduction

Host immunity plays a major role in determining who may be at risk of developing invasive
aspergillosis. When a patient with normal immunity is exposed to Aspergillus spp., macrophages kill
the conidia while neutrophils are a defence against the mycelia. When the host is
immunocompromised, an increased likelihood of invasion of tissue by Aspergillus spp. can occur.
The major risk factor for invasive aspergillosis is prolonged and severe neutropenia, both disease- and
therapy-induced. The duration of neutropenia is an independent risk factor for the development of
invasive fungal infections. The incidence of invasive aspergillosis in at-risk groups is shown in
Table 2. Bone-marrow transplant recipients are the population at highest risk. However, other
immunosuppressive conditions have frequently been reported as risk factors for construction related
nosocomial fungal infections: graft versus host disease requiring treatment, prolonged neutropenia
following cytotoxic chemotherapy, prolonged use of antibiotics and steroid therapy.
Table 2. Incidence of invasive aspergillosis in at-risk groups
Host group
Allogeneic bone marrow transplantation
Autologous bone marrow transplantation
Peripheral blood stem-cell transplantation
Cytotoxic-therapy-induced granulocytopenia
Kidney transplantation
Liver transplantation
Heart/Lung transplantation
Heart transplantation

Incidence of
invasive aspergillosis
5-10%35-36
0-5%35-36
5 %*36
Up to 70%37
0-3%38
1-15%39-41
0-20%42-43
0-25%44

* Preliminary data as this is a new therapy

3.2

Classification of at-risk patients
At-risk patients may be categorised as follows:
Group 1 ~ No evidence of risk
1. Staff members, Service Providers and Contractors
2. All patients not listed in Groups 2 – 4 below
Group 2 ~ Increased risk
1. Patients on prolonged courses of high dose steroids particularly those hospitalised
for prolonged periods
2. Severely immunosuppressed AIDS patients
3. Patients undergoing mechanical ventilation
4. Patients having chemotherapy who are not neutropenic**
5. Dialysis patients
Group 3 ~ High risk
1. Neutropenia for less than 14 days following chemotherapy
2. Adult acute lymphoblastic leukaemia (ALL) on high dose steroid therapy
3. Solid organ transplantation
4. Chronic Granulomatous Disease of Childhood (CGDC)
5. Neonates in intensive care units (ICU)

**Neutropenia defined as absolute neutrophil count (ANC), <1x109/l
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Group 4 ~ Very high risk
1. Allogeneic bone marrow transplantation
a. during the neutropenic period
b. with graft versus host disease
2. Autologous bone marrow transplantation, i.e. during the neutropenic period
3. Peripheral stem cell transplantation, i.e. during the neutropenic period
4. Non-myeloablative transplantation
5. Children with severe combined immuno-deficiency syndrome (SCIDS)
6. Prolonged neutropenia for greater than 14 days following chemotherapy
or immunosuppressive therapy
7. Aplastic anaemia patients
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4. Preventive Measures to Control Invasive Aspergillosis
4.1

Introduction

The key to eliminating Aspergillus infection is first to minimise the dust generated during construction
activity and second, to prevent dust infiltration into adjacent patient care areas. Studies
have demonstrated the effectiveness of preventive measures when implemented in health care
facilities 2,8,45-47 as well as in commercial and residential buildings.47
In a study by Loo et al. (1996)8 the following environmental control measures were used: (i) portable
high-efficiency particulate air (HEPA)-filter air purifier units were installed in rooms housing neutropenic
patients; (ii) application of copper-8 quinolinolate formulation to walls, doors, frames, baseboards,
exterior surfaces of radiators, vents in the rooms and above the false ceilings of the adjacent hallway
to decontaminate the area; (iii) windows were sealed; (iv) existing perforated ceiling tiles were replaced
with easy-to-clean, non-perforated, vinyl-faced aluminium tiles; (v) horizontal dust-accumulating
blinds were replaced with vinyl opaque, roller shades; (vi) the ventilation system was meticulously
maintained; (vii) patient rooms were cleaned regularly and (viii) patients were moved to another area
of the hospital during the implementation of these measures. In this particular study the authors
concluded the environmental control strategy implemented played an important role in controlling the
outbreak of construction-associated invasive aspergillosis.8
Other measures that have been used include the erection of airtight plastic and dry wall barriers
around the construction sites, the use of negative-pressure ventilation in the construction area,2
covering of all air intake and exhaust vents in the construction zone with plastic to prevent the
introduction of contaminated air into the hospital heating, ventilation and air conditioning systems,
capping the open ends of any existing ventilation ducts in the construction zone, redirection of
construction traffic away from patient areas, regular removal of the construction debris from the site
in sealed containers or at least covered by a damp cloth, the use of sticky mats and damp cleaning.46
The environmental control measures implemented will depend on the type of construction/renovation
being undertaken in the hospital and the proximity of the at-risk patients to this site. This will be based
on the results of the risk assessment. The categories of construction/renovation activities and the
recommended preventive measures for these activities are outlined in a Sample Construction Permit
provided in Appendix 1.
Preventive measures can be considered under the following headings: (i) construction and ventilation
measures; (ii) infection control measures and (iii) chemoprophylaxis.

4.2

Construction and Ventilation Measures

A number of measures may be implemented by hospital construction designers and maintenance
personnel to protect at-risk patients during building activities on hospital sites. The measures
identified in the available literature on the subject vary from basic minimal precautions and good
housekeeping to major mechanical services intervention involving dedicated HEPA filtered installation
systems to protect the areas in which the at-risk patients are housed.
These measures may be divided into:
• Measures to reduce dust emission from construction area
• Measures to physically protect at-risk patients
4.2.1

Measures to reduce dust emission from construction area
1. The construction area should be sealed fully during the construction period. A dust
barrier should be created from the floor to the slab (true ceiling) and edges sealed.
For short-term minor projects this may be plastic sheeting, however for more longterm projects this should be a solid sealed barrier. It may be necessary to create a
lobby (anteroom) if the barrier is the entrance/egress for construction workers.
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2. All windows, doors, vents, plumbing penetrations, electrical outlets and any other
sources of potential air leak should be sealed in the construction zone.
3. Air pressure in the construction zone should be negative compared with adjacent
areas. An extract fan may be used for this purpose. Air from the construction zone
should be exhausted directly to the outside and this is the most appropriate option.
If this is not possible then the air should be filtered through HEPA filters (that have
been properly fitted and strictly monitored) before being re-circulated to the
hospital.
4. Dust reduction techniques should be used for cutting and hole boring.
5. Debris should be removed from the construction area at the end of each working
day. Debris should be removed in covered containers preferably through window
openings. A chute may be necessary if the construction is above ground floor level.
In addition, normal good housekeeping procedures should prevail during the
operation in particular, holding skips and other containers should be kept
moistened and/or covered. The construction area should be vacuumed on a daily
basis or more frequently if required, to maintain an environment as free from dust
as possible.
6. A mat with a sticky surface or moist carpet should be placed inside the exit from
the construction zone to trap dust. This should be vacuumed/changed daily or
more frequently when visibly soiled.
7. Construction workers should wear protective clothing, which should be removed
before leaving the construction zone.
The measures implemented to reduce dust emission from the construction area will vary depending
on the construction/renovation activity. The measures required for the various types of construction
activity are outlined in the Sample Construction Permit (Appendix 1).
4.2.2

Measures to physically protect at-risk patients
1. Patients who are at risk should be moved to an area away from the construction
zone if the air quality cannot be guaranteed during construction. At-risk patients
(Groups 2-4) should wear protective masks if it is necessary to transport them
through a construction area. These masks should be capable of filtering Aspergillus
spores such as particulate-filter respirators (PFR 95) which give a >95% filtration
efficacy of 0.3 µm particle size and are used in association with the National
Institute for Occupational Safety and Health (NIOSH) regulations.
2. All windows, doors (apart from essential access points) and vents should be sealed
in areas of the hospital containing patients who are most susceptible (Groups 2-4),
if the construction or demolition work is considered likely to result in Aspergilluscontaminated air entering these areas. If the area is not served by a ventilation
system, these precautionary measures may result in unacceptable environmental
conditions within the area involved. Any fresh air introduced into this area must be
HEPA filtered. If the area is connected to a central ventilation system, it is important
that prior to construction works, the ventilation should be thoroughly checked and
if it is to remain functional, it should be fitted with HEPA filters if air from the
construction zone may be drawn into the system.
3. For very high-risk patients (Group 4), it is recommended that an environment that
is fully HEPA filtered and at positive pressure is provided. This involves the
installation of dedicated remote air handling systems, which are ducted through
supply systems to the at-risk area. The intake air handling unit is fitted with a
combination of coarse bag and panel filters and finally a HEPA filtered section
which is the only filter capable of trapping the 2.5 to 3.5 µm size of the Aspergillus
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spore. Typically, these dedicated ventilation/filter units should provide an air
exchange rate of >12 air changes per hour within the at risk area and a pressure
differential for positive pressure areas of >2.5 pascals (ideal pressure differential of
>8 Pa).48
4. A mat with a sticky surface should be placed at the entrance to the patient care
area. This should be changed or vacuumed daily or when visibly soiled.

4.3 Infection Control Measures
Communication and education are two vital elements to the successful implementation of proactive
infection control measures in the reduction and the attempt to eliminate the risk of nosocomial invasive
aspergillosis in immunocompromised patients. Effective communication between all relevant parties;
architects, engineers, technical services, sub-contractors, infection control, medical and nursing staff
is of vital importance during all stages of construction work to implement effective infection control
preventive measures. The hospital should designate education co-ordinators for each of the relevant
parties.

4.3.1

Education

Health care workers should be educated on:
• The risk of invasive aspergillosis in the categorised at-risk groups during
construction work.
• The infection control measures to decrease its occurrence.
Project managers, contractors, design teams and health & safety supervisors should be
educated on:
• The preventive measures that should be implemented during construction and
renovation activities.
• The importance of ensuring that this information is given to the construction workers
and its significance understood in order to aid with compliance.
Supervisors of cleaning staff/ contract cleaners should be educated on:
• Basic principles of Aspergillus spore contamination of the environment.
• Cleaning measures to prevent environmental contamination.
• The importance of ensuring that this information is given to the operatives and its
significance understood in order to aid with compliance.
At-risk patients (Groups 2-4) and the relatives of these patients should be informed of:
• The risks of nosocomial aspergillosis infection.
An information leaflet on aspergillosis should be provided (Appendix 2). The purpose of this leaflet is
to inform patients, relatives of patients, health care workers and those involved in the activities of
construction, of the risk of aspergillosis during construction work. This leaflet should be considered as
introductory information only.
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4.3.2 Dust containment
The objectives of dust containment measures are:
• To minimise the dust generated during the work activity
• To prevent dust infiltration into adjacent patient care areas.
The categorisation of the construction activity in conjunction with its geographical location will
determine the controls required to achieve these objectives. The use of a construction permit will
assist in achieving compliance with the requirements (Appendix 1).
4.3.3 Cleaning
In addition to minimising dust through measures outlined in the construction permit increasing
the existing cleaning regimes to prevent dust accumulation on surfaces, ceilings and air duct
grilles will be necessary. As the quantity of dust generated will vary depending on the type of
building activity, the increased cleaning regimes need to be adjusted accordingly to minimise
dust accumulation. Damp dusting not dry cleaning is recommended. Air filtration systems
must be regularly checked. Where vacuum cleaners are used, in areas where high-risk and
very high-risk patients are cared for and in adjacent areas, these should be equipped with
HEPA filters and appropriately maintained to minimise dust dispersal. Filters in the air filtration
systems and the vacuum cleaners need to be changed regularly and a record/log should be
kept of these changes.
4.3.4 Traffic
Pedestrian: Pedestrian traffic from the construction area should be directed away from patient
areas, with workmen having a separate entrance to the construction site as outlined in the
construction permit. When possible, patients and visitors should avoid entering the hospital
adjacent to major construction/demolition sites, where debris or dust is being removed from
the works area.
Supplies: Alternative routes, which avoid the construction site, through which inanimate items
are transported throughout the hospital, may need to be identified during construction. Clean
or sterile supplies or equipment should be transported to storage areas by a route that
minimises contamination risks from the construction site.
In some critical areas and in some instances where it may not be possible to alter traffic
patterns consideration will have to be given to scheduling construction to off-hour periods
and weekends. Some areas may need to be relocated or closed temporarily.

4.4. Chemoprophylaxis and the Prevention of Invasive Aspergillosis
Data supporting the widespread use of antifungal chemoprophylaxis for the prevention of invasive
aspergillosis are lacking. Some workers have found that antifungal chemoprophylaxis reduces fungal
morbidity and mortality in high-risk groups but studies have been hampered by the low incidence of
invasive aspergillosis and the use of small study groups making statistical analysis difficult. There is a
well-recognised need for further studies in a variety of patient populations.
To date only two antifungal agents with activity against Aspergillus are licensed in this country,
amphotericin B and itraconazole. However, newer agents will probably be available in the near future.
Amphotericin B, in a variety of formulations, has been the gold standard in terms of the therapy of
invasive disease. More recently the availability of a liquid and intravenous preparation of itraconazole
has helped to overcome some of the bioavailability problems associated with the capsule formulation
of this drug. In terms of chemoprophylaxis both of these agents, amphotericin B (in a variety of forms
i.e. capsules, paste and various systemic preparations) and itraconazole have been used.
The use of non-absorbable and topical (intranasal and nebulised) amphotericin B for the prevention of
invasive aspergillosis has been shown to be of some benefit however recent data have challenged
their use. The use of low doses of parenteral amphotericin B has also failed to demonstrate an
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adequate response and the toxic effects preclude the use of the conventional formulation at higher
concentrations. A controlled trial of the lipid formulation however suggests that this approach may be
useful,49 but further work is required.
The problem with absorption of itraconazole in certain high-risk groups and the lack of an intravenous
preparation has now been largely overcome with the advent of itraconazole-cyclodextrin. A number of
studies have shown some benefit in those patients given prophylaxis however these again failed to
reach statistical significance because of the low incidence of disease. A further issue with itraconazole
is its potential for drug interactions and possible potentiation of toxicity of certain anti-cancer agents.
Who should receive antifungal prophylaxis based on current evidence?
Despite the lack of evidence, antifungal chemoprophylaxis has been recommended by some authors
in patients expected to be neutropenic (ANC, 0.1-0.5 x109/l) for at least two weeks or profoundly
neutropenic (ANC, < 0.1x109/l) for more than one week. The British Society for Antimicrobial
Chemotherapy (BSAC) also made recommendation in 1993 for neutropenic and transplant patients
nursed without HEPA filters where there is a high institutional rate of invasive aspergillosis or where
building works are being undertaken.50 Some authors have found a benefit to secondary prophylaxis
in patients with a history of invasive aspergillosis and undergoing further treatments.51-53 The use of
chemoprophylaxis in the management of liver transplant recipients is again controversial although
some centres use low dose amphotericin B.
Needless to say given the lack of evidence for the use of prophylaxis in high-risk patients, no data
exist for its use in the lower risk groups. Bearing this in mind chemoprophylaxis may be considered
in at-risk groups in the presence of construction work if these patients cannot be protected by
environmental measures. Each centre should evaluate its at-risk population and determine if
prophylaxis is likely to be of benefit.

4.5
Protective Measures for At-Risk Patients
Patients deemed to be at risk of systemic mould infection should be stratified on the basis of their
underlying disease, its treatment and the area in the hospital in which they are being treated in relation
to the proposed building programme.
4.5.1 Environmental measures
Very high-risk patients (Group 4)
Patients at very high risk (Group 4) should receive maximum protection irrespective of the
type/size of the building programme. All very high-risk patients should be nursed in HEPA
filtered positive pressure rooms during the neutropenic period. If they are subsequently
transferred to a ward the windows should be sealed and suitable air quality provided (See
Section 4.2.2, Point 2).
High-risk patients (Group 3)
Patients at high risk (Group 3) should receive protection if the area of treatment is juxtaposed
or near the hospital construction area or if it is otherwise likely that Aspergillus-contaminated
air may enter the area. High-risk patients should be nursed in a ward with sealed windows and
suitable air quality (See Section 4.2.2, Point 2).
Increased-risk patients (Group 2)
Patients at increased risk (Group 2) are usually dispersed throughout the hospital and
therefore physical protection may be impractical. Consideration should be given to moving
patients away from the construction area.

4.5.2 Chemoprophylaxis
Antifungal chemoprophylaxis should be considered in at-risk patients in line with current
guidelines and hospital policy.
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4.6
Diagnosis and Surveillance
It is imperative to maintain a high index of suspicion for the diagnosis of nosocomial aspergillosis in
the at-risk patients (Groups 2-4). This surveillance should be achieved through review of relevant
clinical cases at ward level and review of relevant microbiological/histological specimens at laboratory
level.
4.6.1 Diagnostic Strategies for Invasive Aspergillosis
Despite many advances in diagnostic microbiology, the diagnosis of invasive aspergillosis
continues to present difficulties and challenges. Such difficulties hamper the ability to
diagnose this disease in the early stages thus contributing to the high mortality associated
with this infection. In addition this disease is uncommon and affects varied patient populations
and many clinicians may have limited experience in the diagnosis and management of
invasive aspergillosis.
There is no single diagnostic test that is applicable to all patients groups and the sensitivity
and specificity of the available tests vary. The current gold standard involves the performance
of invasive procedures, which are often contraindicated. A number of alternative methods are
under development, however until the ability to diagnose this infection improves, a high index
of suspicion in patients at risk of invasive disease is essential.
Currently a combination of clinical, radiological and microbiological criteria can be used to
predict the probability of invasive disease. Such an approach however lacks both sensitivity
and specificity. Post mortem examinations may be useful, when possible and acceptable to
the relatives of the deceased, to detect infections undiagnosed in life. In the future it is likely
that newer technologies will aid the early diagnosis of infection and initiation of appropriate
therapy. It is important that diagnostic strategies continue to be developed and that expertise
is readily available to assist clinicians in the management of these patients. It is recommended
that a National Mycology Reference service be developed to address these issues (see
Section 6).

Criteria that may be used to aid in the diagnosis of invasive aspergillosis
1. Clinical criteria: Invasive aspergillosis may manifest differently in different patient groups.
It is important to insure that clinicians with at-risk patients under their care are aware of the
additional risk that occurs during construction/renovation activities, that a high index of
suspicion is maintained and clinical expertise in the area of diagnosis and management is
readily available. Once a clinical suspicion exists appropriate investigations can be performed.
2. Radiological criteria: Radiological examination remains an essential part of the diagnostic
strategy and hospitals managing these patients must ensure that appropriate facilities are
available. The routine CXR is insensitive and patients with clinical features compatible with
infection and in an at-risk group should have high resolution CT or MR imaging as soon as
practicable after suspecting the diagnosis. The presence of lesions suggestive of invasive
aspergillosis should trigger appropriate investigations and consideration of the need for
immediate empirical antifungal therapy.
3. Microbiological techniques: The most appropriate diagnostic approach depends on the
site of the infection.
Demonstration of tissue disease: The gold standard is the demonstration of fungal hyphae and
the isolation of Aspergillus spp. from tissue specimens. As already outlined biopsy is often
contraindicated in patients at risk and suspected of having invasive disease and is rarely
performed.
Microscopy and Culture: This examination can be performed on a variety of specimens
including biopsies, fluid aspirates, broncho-alveolar fluid, tracheal aspirates or sputum.
Culture alone is insensitive, however, the combination of microscopy and culture will increase
the diagnostic yield by 15-20%. Isolation of Aspergillus spp. from non-sterile sites e.g. upper
respiratory tract may reflect colonisation and results should be interpreted in a clinical and
radiological context. The use of specific fungal media has also been found to improve
sensitivity.
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Serology: Fluid, blood and aspirates can be examined for the presence of antibodies and antigen.
• Antigen Detection
The detection of antigen remains a useful test in the diagnosis of invasive aspergillosis. Aspergillus
spp. release antigens during growth in vivo and in vitro. A number of methods including latex
agglutination, radioimmunoassay and enzyme immunoassay have been developed with varying
sensitivity and specificity. A commercially available latex agglutination kit for the detection of
galactomannan has been shown to have poor sensitivity and variable specificity, ~ 30% and
53-100%, respectively.54-57 The sensitivity of the test improves with the examination of serial
samples and broncho-alveolar fluid. More recently a sandwich enzyme-linked immunosorbent
assay (ELISA) for the detection of Aspergillus galactomannan, with improved sensitivity and good
specificity (56-93% and 80-99%), has been developed.56-61 The ELISA test is a more sensitive
assay, detecting 0.5-1.0 ng/ml compared with 15 ng/ml for the latex test.59 Galactomannan was
detected at an earlier stage of infection by the ELISA assay, often before clinical and radiological
signs of infection became apparent and in animal models the concentration of galactomannan in
the serum was shown to correspond with the tissue burden. Again the examination of serial
samples improved the sensitivity of the ELISA test. The major drawback is a false positivity rate
of 10%.
• Antibody Detection
Recent data suggest that antibody detection in transplant recipients may be of use in identifying
those at risk of invasive aspergillosis and in those with chronic invasive aspergillosis.
Molecular techniques: The detection of Aspergillus spp. DNA in blood and other specimens has
not been developed as yet to a clinically useful level. Such technology however will probably
become an important part of the diagnostic workup in the future. The availability of reference
laboratory facilities will be an important part of this development.
4.6.2 Environmental sampling for Aspergillus spp.
It is well recognised that air sampling for Aspergillus spp. is difficult and not always useful.
Generally it is not recommended that sampling be performed routinely even if
construction/renovation activities are taking place. However, there are occasions when sampling
may be useful (Table 3).
If a decision is made to undertake air sampling, it is important that that the operator has a clear
objective in mind, the limitations of the procedure are understood and a suitable method is used.
It is particularly important that users understand that a sample will only reflect what is happening
at one point in time and hence multiple samples at different sites and times will be required to give
an accurate picture.
A recent review by Morris et al. (2000)62 summarises the factors that influence air sampling and
examines the suitability of different air samplers. Examples as to when air sampling can be usefully
applied and a simple procedure that has been used in previous outbreaks are outlined in this
review. This recommended method is outlined in Appendix 3 and has been reproduced by
permission of the senior author, Dr. Malcolm Richardson.

Table 3 Occasions when sampling for Aspergillus spores may be useful62

•

To monitor levels of contamination prior to occupancy of special controlled environments e.g.
to determine efficiency of HEPA filters in laminar flow facilities

•

To identify potential sources of nosocomial aspergillosis when a case has been identified

•

To predict environmental spore contamination from outside sources

•

To identify defects/breakdown in hospital ventilation/filtration systems

•

To correlate outbreaks of invasive aspergillosis with hospital construction or demolition work

•

To monitor efficiency of procedures to contain hospital building wards where at-risk patients
are managed
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5. Organisational Duties and Responsibilities
5.1

Introduction

A proactive approach is required to minimise the occurrence of nosocomial invasive aspergillosis. The
categories of patients who are at risk of invasive aspergillosis are outlined in Section 3.2. Each
hospital, which provides service to high-risk patients, should have procedures and policies in place to
ensure that all relevant personnel are aware of the risks of invasive aspergillosis in these patients and
the preventive measures required to minimise that risk; and should develop and adopt risk
management and infection control policies in this regard that are regularly monitored for compliance
and effectiveness.
5.2

Hospital Managers

The hospital Chief Executive Officer/Manager has overall responsibility for the health and safety of
patients, staff and visitors. Hospital managers should ensure policies and procedures are put in place
that clearly outline the responsibilities of all personnel involved in the prevention of invasive
aspergillosis, either on a routine basis or in the course of minor or major maintenance and construction
works. In general the hospital manager may devolve responsibility for the development of policies and
procedures to the hospital ICC, but ultimate responsibility lies with the hospital manager to ensure that
these policies and procedures are implemented.
5.3

Liaison and Communication

Communication and awareness of the risk factors associated with the development of invasive
aspergillosis is the key to reducing the risk to patients. The hospital ICC should ensure that a policy
is in place outlining the necessary action for the prevention of invasive aspergillosis, both on a routine
basis and in the course of minor or major maintenance or construction/renovation activities. The ICC
should follow current knowledge of best practice in the control of Aspergillus and ensure that all
policies are kept up-to-date. In the event that major construction/renovation activities are planned in
hospitals providing for at-risk patients, a multidisciplinary team comprising hospital administrators,
technical services staff, designers, infection control staff and relevant clinicians in high-risk areas
should be established. This team should have the responsibility for drawing up a specific policy for
the planned activities and should have overall responsibility for monitoring its implementation.
5.4

Technical Services Staff

Technical services staff should be aware of the risks posed by construction activity to at-risk patients
(Groups 2-4) and should consult with the infection control team in advance of all minor or major
construction or renovation activities. Technical services staff should monitor implementation of
preventive practices and maintain records relating to fixed plant precautions and maintenance of
Aspergillus protection systems. The use of a Construction Permit (Appendix 1) is recommended to
control such activities.
5.5

Infection Control Team

It is crucial that infection control personnel are consulted and play a major role in planning
construction or renovation activities. Technical services staff should ensure details of all works and
maintenance activities are communicated to the infection control team who in turn should liaise with
medical and nursing staff. Although the construction activity may be considered minor, infection
control personnel should be notified and a risk assessment should be carried out.
5.6

Medical and Nursing Staff

Medical and nursing staff should be aware of patient populations at risk, potential hazards that
construction/renovation projects pose to patients, and the preventive measures required. The
infection control team should collaborate with medical and nursing staff to identify patients at risk, and
to monitor the effectiveness of preventive measures taken throughout the project.
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5.7

Preparation of Briefs

When planning major hospital construction works, the preventive measures required should be
identified in advance during the initial risk assessment and should be included in the tender
documents to ensure all necessary precautionary measures are taken. This should also be
incorporated into the contract documents. A mechanism should be established whom has the
authority to stop the construction project if there is a significant breach in the preventive measures.
Notes on Preparation of Requirements are outlined in Appendix 4.
5.8 Construction/Renovation Activities in Close Proximity to the Hospital
It should be noted that similar risks are present in the context of large-scale construction/renovation
activities external to but proximal to the hospital. Hospital managers should ensure that they are aware
of such activities (e.g. by liasing with the planning authorities to receive notification of planning
decisions in the locality) and institute precautionary measures to protect at-risk patients where
appropriate, based on the findings of the risk-assessment.
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6. National Reference Laboratory Facilities
It is recommended that a National Mycology Reference Laboratory be established to provide a
laboratory reference service to the population of Ireland. Samples referred should be accepted from
laboratories throughout Ireland. A service agreement between the Department of Health and Children
and the "provider" of the reference laboratory service for fungi should be drawn up. The provider
would be expected to comply with the relevant quality standards, audits and performance targets.
A national reference facility should be capable of providing the following services:
1. Identification of fungal isolates
2. Molecular typing of fungi
3. Molecular and serological diagnosis of fungal infections
4. Therapeutic drug monitoring
5. Development of new techniques
6. Provision of advice on:
• Diagnosis and treatment of fungal infections
• Control and prevention of infection
7. Provision of epidemiological information to the National Disease Surveillance Centre
8. Training of medical/technical staff
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Appendix 1: Sample Construction Permit
CONSTRUCTION PERMIT
Permit No:

Permit Expiration Date:

Location of Construction:
Contractor:

Project Start Date:
Estimated Duration:

Contact Person:

Tel:

Signed:

Tel:

CEO Approval:
Name

Hospital Technical Services Manager Approval:
Name:

Signed:

Tel:

Infection Control Personnel Approval:
Name:

Signed:

Tel:

Construction/Renovation Activity

Population Risk Groups

Type A - Minor Internal Containable Activities
Inspection and non-invasive activities and small-scale
activities that create minimal dust. These include, but are
not limited to, activities that require removal of ceiling tiles
for visual inspection (limited to 1 tile per 5m2), painting (no
sanding), wall covering, electrical trim work, minor
plumbing and other maintenance activities that do not
generate dust or require cutting of walls or access to
ceilings other than for visual inspection. Activities that
require access to conduit spaces, cutting of walls or
ceilings where dust migration can be controlled for
installation or repair of minor electrical work, ventilation
components, telephone wires or computer cables. It also
includes minor plumbing.

Group 1 - No Evidence of Risk
• Staff Members/Service Providers/Contractors
• All patients not listed in Groups 2-4 below

Type B - Major Internal Containable Activities
Any work that generates a moderate level of dust or
requires demolition or removal of any fixed building
components or assemblies (e.g. counter tops, cupboards
sinks). These include, but are not limited to, activities that
require sanding of walls for painting or wall covering,
removal of floor-covering, ceiling tiles and stud work, new
wall construction, minor duct work or electrical work
above ceilings, major cabling activities, and any activity
that cannot be completed within a single work shift. This
type of activity includes extensive plumbing work. It also
includes demolition or removal of a complete cabling
system or plumbing and new construction that requires
consecutive work shifts to complete.
Type C - Minor External Non-Containable Activities
External construction activities that generates moderate
levels of dust or minor excavations. Such activities include
digging trial pits and minor foundations, trenching,
landscaping and minor construction and demolition work.

Group 2 - Increased Risk
• Patients on prolonged courses of high dose steroids
• Severely immunosuppressed AIDS patients
• Patients undergoing mechanical ventilation
• Non-neutropenic patients on chemotherapy
• Dialysis patients
Group 3 - High Risk
• Neutropenic patients (<14 days) following chemotherapy
• Adult acute lymphoblastic leukaemia (ALL) on high dose
steroid therapy
• Solid organ transplantation patients
• Patients in neo-natal intensive care units (ICUs)
• Chronic Granulomatous Disease of Childhood
• Laboratories (prevent contamination of microbiological
specimens and thereby avoid pseudo-diagnosis)
Group 4 - Very High Risk
• Allogeneic bone marrow transplantation patients
• During the neutropenic period
• With graft versus host disease
• Autologous bone marrow transplantation patients, i.e.
during neutropenic period
• Peripheral stem cell transplantation patients, i.e. during
neutropenic period
• Non-myeloblative transplantation patients
• Children with severe combined immunodeficiency
syndrome (SCIDS)
• Patients with prolonged neutropenia (>14 days)
following chemotherapy or immunosuppressive therapy
• Aplastic anaemia patients

Type D - Major External Non-Containable Activities
External construction activities that generate large levels
of dust. Such activities would include major soil
excavation, demolition of buildings and any other
construction activity not covered under Type C.
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Recommendations For Infection Control Preventive Measures
Class I
Class I Preventive Measures are recommended for Minor
Internal Containable Construction Activities (Type A)

Class II cont’d
Infection Control
• As for Class I

Dust Control
• Immediately replace ceiling tiles displaced for visual
inspection
• Execute work by methods to minimise dust generation
from construction or renovation activities
• Provide active means to minimise dust generation and
migration into the atmosphere

Patient Risk Reduction
• Move all patients from the construction area
• If possible move at-risk patients (Groups 2-4) who are
adjacent or near to the construction area
• Ensure that patients do not go near construction area
• All windows, doors, air intake and exhaust vents should
be sealed in areas of the hospital containing patients
who are classified as high-risk, if the construction or
Cleaning
demolition work is considered likely to result in
• Wet mop and vacuum area as needed and when work is
Aspergillus-contaminated air entering these areas
completed
• Wipe horizontal and vertical work surfaces with hot • Very high-risk patients (Group 4) should be treated in
HEPA-filtered, positive pressure rooms
soapy water
Traffic Control
Infection Control Personnel
• In collaboration with the technical services manager
• Approval to be given
designate a traffic pattern for construction workers that
• In collaboration with cleaners and technical services
avoids patient care areas and a traffic pattern for clean
ensure that the construction zone remains sealed and
or sterile supplies, equipment, patients, staff and
that the cleaning is adequate at all times
visitors that avoids the construction area
• A traffic path should be designated for the removal of
Patient Risk Reduction
rubble from the construction site which preferably is
• Move at-risk patients (Groups 2-4) away from
separate to and away from all hospital related traffic
construction area. If it is not possible to move e.g. ICU
patients an impermeable dust barrier should be erected
Class III
around the construction area
• Minimise patients exposure to the construction Class III Preventive Measures are recommended for All
External Non-Containable Construction Activities (Type C & D)
/renovation area
• Minimise dust and increase cleaning in patient area
Dust Control
• Execute work by methods to minimise dust generation
Class II
from construction or renovation activities
Class II Preventive Measures are recommended for Major
• Provide active means to minimise dust generation and
Internal Containable Construction Activities (Type B)
migration into the atmosphere
In addition to the Class I measures outlined above the following
measures should be also implemented for Type B activities

Dust Control
• Erect an impermeable dust barrier
• Ensure windows and doors are sealed
• A separate entrance away from patient traffic should be
created for use by construction workers
• Protective clothing should be worn by construction
workers and removed when leaving the construction
site
• Dust barrier should not be removed until the project is
complete
Ventilation of Construction Area
• Seal windows
• Maintain negative pressure within construction zone by
using a portable extract fan
• Ensure air is exhausted directly to the outside and away
from intake vents or filtered through a HEPA filter before
being re-circulated
• Ensure ventilation system is functioning properly and is
cleaned if contaminated by soil or dust after
construction or renovation project is complete

Debris Removal and Cleaning
• Contain debris in covered containers or cover with an
impermeable or moistened sheet before transporting for
disposal
• Ensure no increased dust within hospital, increased
cleaning may be necessary
Infection Control
• Approval to be given
• In collaboration with technical services ensure that dust
is minimised from the construction site and that the
construction site measures are being adhered to
• Ensure that cleaning is adequate to minimise dust within
the hospital

Patient Risk Reduction
• If possible move at-risk patients (Groups 2-4) who are
adjacent or near to the construction area
• Ensure that patients do not go near construction area
• All windows, doors, air intake and exhaust vents should
be sealed in areas of the hospital containing patients
who are classified as high risk, if the construction or
demolition work is considered likely to result in
Aspergillus-contaminated air entering these areas
Debris Removal and Cleaning
• Contain debris in covered containers or cover with • Very high-risk patients (Group 4) should be treated in
HEPA-filtered, positive pressure rooms
either an impermeable or moistened sheet before
transporting for disposal
Traffic Control
• Remove debris at end of the work day
• An external chute will need to be erected if the • See Class II measures
construction is not taking place at ground level
• Vacuum work area with HEPA filtered vacuums daily or
more frequently if required
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Appendix 2: Information Leaflet on Aspergillosis during Construction
Activities

General Information
The purpose of this leaflet is to inform patients, relatives, health care workers and those involved in
the activities of construction of the risk of aspergillosis during construction work. This leaflet should
be considered as introductory information only.
Aspergilli are tiny fungi that cannot be seen by the eye but commonly occur in soil, water and decaying
vegetation. They can also live in old buildings or in areas such as ventilation shafts. Many types of
Aspergillus are found in nature but only a few cause human diseases.
Aspergillus may be released into the air during construction/renovation activities ranging from
demolition and renovation, to construction. Aspergillus can be transported great distances by normal
conditions such as air currents and wind. Small pieces of dirt or dust in the air are the main ways that
Aspergillus travels and causes infection in hospitals. Hospital activities that generate dust such as
maintaining the ventilation system, cleaning, vacuuming and dry dusting can also allow Aspergillus to
travel through the air.
Patients who are undergoing high dose chemotherapy for leukaemia and related illnesses or who are
having bone marrow, stem cell or other transplants, or who are having other forms of therapy which
may suppress their immune system may be at risk of developing infection with this fungus in the lungs
or other parts of the body. Healthy adults and children are not at increased risk of infection during
construction work.
For the Patient
During building work every effort will be made to prevent the spread of Aspergillus. The medical team
who is treating you will be in close communication with builders and the Microbiology/Infection
Control Department to make sure that the risk of spreading Aspergillus is kept to a minimum and will
tell you if you need to take any special precautions.

Aspergillosis

29

Appendix 3: A recommended method for the sampling of Aspergillus
species spores in air

Taken from "Sampling of Aspergillus spores in air" a review by Morris et al., J Hosp Infect, 2000; 44(81)
81-92; reproduced by kind permission of author Dr. Malcolm Richardson.62

This sampling method to isolate and enumerate Aspergillus spp. spores in air should be conducted as
follows:
Materials and equipment:
Sampling Instrument:
Manufacturer:
U.K. Supplier:
Collection Rate:
Medium:

Surface Air Systems microbiological air sampler.
Pool Bioanalyse Italian (PBI), Milan, Italy
Cherwell Laboratories, Churchill Rd., Bicester, Oxon,
180 l/min
Czapek Dox Agar (Oxoid)

Method
Sampling Procedure (general)
The air sample is aspirated through the instrument at a nominal rate of 180 litres per minute for a
preselected period of between 20 seconds and 6 minutes giving a volume range between 60 litres and
1080 litres. The airflow is directed towards the agar surface of a 50 mm diameter contact plate that
contains 12.5 ml of agar so that particles whose aerodynamic diameter causes them to leave the air
stream are deposited on the agar surface. The plate is then removed for incubation.
Sampling location
Sampling location is dependent on circumstances but should accord broadly with the breathing zone
of potentially affected personnel. The choice of sampling height is 1.2 metres for room hygiene, with
other samples taken for exploratory purposes near suspected or potential sources of contamination.
Multiple samples are preferable to a single sample, as they will highlight temporal and spatial variation
in spore levels within any environment.
Selection of sampling time
Selection of an appropriate sampling period is vital to the success of the sampling operation. If the
sampling time selected is long in a heavily contaminated environment then the colonies, once
cultivated, can only be expressed as exceeding a particular number. Where confluent growth occurs
the colonies may even be uncountable. A chart is supplied with the instrument to assist in selection
of the sampling time, which on the basis of an assumption regarding the level of contamination in the
environment permits the number of sampling units (periods of 20) to be estimated. In practice, whilst
some knowledge of the levels of contamination may build up over time, certainly initially the selection
of the sampling period must largely be done by trial and error.
Sampling steps
1. Unscrew the top cover plate avoiding contact with the inner or outer surfaces of the drilled area.
The cover plate should be cleaned after each use.
2. Insert a contact plate with Czapek Dox agar (Oxoid Basingstoke UK) with the lid still in place,
remove the contact plate lid and replace the instrument cover plate.
3. Set the digital selector on the instrument to zero units.
4. Switch on the battery pack.
5. Turn the timer to the desired setting.
6. Press the instrument start button.
7. Following completion of the sampling the instrument will switch off. The cover plate can then be

Aspergillosis

30

removed and the exposed contact plate agar surface immediately covered by replacing the contact
plate lid.
8. The contact plate should then be removed for incubation.
Laboratory procedure
1. On receipt of the contact plates, these are placed in a pre-heated incubator to 280C for 48 hrs to
permit germination and colony formation.
2. The plates are then microscopically examined at 100X magnification to enumerate colonies growing
on the plate.
3. Identification of fungal colonies is based on colony characteristics and micro-morphological
characteristics ascertained through microscopic examination at 400X magnification.
4. Specimens for examination should be prepared using a wet needle mount using lactophenol with
cotton blue stain (0.75%).
5. A colour key is available for the specific identification of different Aspergillus spp. grown on Czapek
Dox agar or broth.
N.B. Czapek Dox is recognised as a suitable medium for isolation and culturing of Aspergillus spp.,
whilst permitting growth of the majority of airborne fungal species. This permits general levels of
fungal contamination to be simultaneously appraised as an indicator of building hygiene.
Enumerating the colony forming units
There is a possibility that any colony that grows on the contact plate derives from more than one
colony-forming unit passing through a single hole in the cover plate. This possibility increases with the
number of colonies on the plate and for higher counts a correction factor is applied according to the
following formula:
Pr = N(1/N+1/(N-1) + 1/(N-2)+………1/(N-r+1))
Where
Pr is the probable statistical total
N is the number of holes in the sampling head
r is the number of colonies counted
Tables have been prepared by the manufacturer, which can be read off to give a value for P once r has
been established.
The number of colony forming units calculated from the above formula is normally expressed as
CFU/m3. This is calculated using the formula:
X = Adjusted colony count on plate x 1000
Volume of air drawn into sampler (litres)
The interpretation of air sampling data and recommendations for intervention are given in Table 4.
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Table 4. Interpretation of air sampling data and recommendations
Levels of fungal spores vary by several orders of magnitude during the course of a day
due to:
•
•
•
•
•

Activity levels in any one particular area
Fluctuations in temperature
Fluctuations in humidity
Fluctuations in air flow
Changes in light level

A single air sample will often underestimate the fungal contamination in the air and multiple air
sampling has to be performed.
No strict numerical guidelines are available, which are appropriate for assessing whether
the contamination in a particular location is acceptable or not but the following threshold
levels have been recorded:
• Outdoor air (Note: seasonal variation recognised):
• Total fungal count: 103 to 105 CFU/m3,
• Aspergillus: 0.2-3.5 conidia/m3
• HEPA filtered air (>95% efficiency and >10 air changes per hour): < 0.1 CFU/m3
• No air filtration: 5.0 conidia/m3
• Construction/defective ventilation: 2.3-5.9 conidia/m3
If total fungal count exceeds 1.0 CFU/m3 on several occasions the air systems or procedural
practice in patent areas requires intensive evaluation.

Further investigation of sources of contamination is warranted in the following
circumstances:
• Total indoor counts are greater than outdoor counts
• Comparison of indoor and outdoor levels of fungal organisms show one of
the following:
• Organisms are present in the indoor sample and not in the outdoor sample
• The predominant organisms found in the indoor sample is different from the
predominant organism in the outdoor sample
• A monoculture of an organism is found in the indoor sample. It may be
absent from samples taken in other areas of the building
• Persistently high counts
If persistently high counts are recorded, or nosocomial invasive aspergillosis suspected or
confirmed, identify source of contamination by sampling:
•
•
•
•
•
•
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dust
fabrics
ventilation ducts/screens/fans
ceiling voids
kitchen areas
excreta of roosting birds in close proximity of windows

Appendix 4: Notes on Preparation of Requirements for Protection against
Invasive Aspergillosis

1. The infection control and technical officer, as designated by the CEO, in consultation with medical
and nursing staff, as necessary, should prepare a set of requirements for protection against
invasive aspergillosis either for
(a) Inclusion in planning brief for a single building project to be responded to by the design
team when appointed.
or
(b) For direct attention by the health facilities own technical staff for a single project or for
application on an ongoing basis.
2. Where a project team sits for a particular project, it should consider the protection briefing material
and approve of its content before its inclusion in the overall brief.
3. Where planning brief requirements for protection against invasive aspergillosis are documented,
they should include
(a) Details of existing accommodation for immuno-compromised patients including location,
physical condition, layout, services & occupancy.
(b) Within the context of overall project a description of proposed work to existing
accommodation for such patients and/or proximity to other external works, occupancy
changes (if any) etc.
(c) The required standards of air cleanliness, air pressures, ventilation, ingress of outside air
allowable (e.g. need for lobbies), finishes etc. to be met.
4.The design team or designated technical officer should be required to submit proposed solution(s)
to the project team or CEO, as appropriate, for their examination and consideration with the
assistance of infection control.
5.The levels of requirements/standards of protection to be met should relate to the degree of patient
risk involved taking cognisance of the type and illness of patients, type of work, proximity to work
etc.
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