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Introduction

• Fungal spores present a risk of opportunistic infections
– Both exogenous and endogenous sources

• Control is essential to the safety of immunocompromised 
patients
– Aspergillus sp. represent greatest “exogenous” risk



Controlling the patient’s room
• Room pressurization

• Directional air flow

• Re-filtration or air cleaning
– Address both endogenous and exogenous sources of contamination



• 53 outbreaks: 1967-2005

• 458 affected patients:
– 299 (65.3%) haematological malignancies

– Route of transmission: air

– Site of primary infection: lower respiratory tract (356 patients)

– Surgical site infections (24 patients)

– Skin infections (24 patients)



Nosocomial aspergillosis



Species isolated



Ventilation as a source



Dust: a perfect home for Aspergillus!



Surveillance

• Healthcare associated aspergillus
– Case
– Antifungal drug consumption
– Invasive fungal disease in targeted groups

• Air sampling

• Water sampling



•7-year sampling period: weekly: 978 samples

•Aspergillus spp. 16.7%: 1.8 cfu/m3 - 28.3 cfu/m3

•45 cases proven IA (2.29% allo; 0.36% auto HSCT)

•cases of IA analysed 14 and 28-days following high counts

•Conclusion: high counts did not predict risk of developing IA

Rupp et al. JHI 2008.



Particle counting

• IQAir Particle Scan Pro 
Airborne Laser Counter

• 0.3µm - 5µm



• During demolition building was sealed and water 
sprayed to minimise dust emission

• Particle and fungal concentrations monitored 
before and during demolition

• Particle concentrations significantly higher during 
demolition 

• No difference in mould cultured at 370C before and 
during demolition



Air quality monitoring of HEPA-filtered hospital rooms 
by particulate counting

Anttila V-J, Nihtinen A, Kuutamo T, Richardson M. 2008.



Air quality monitoring of HEPA-filtered hospital 
rooms by particulate counting

Anttila V-J, Nihtinen A, Kuutamo T, Richardson M. 2008.



Air sampler for quantitation of viable fungal spores



Air sampling: SAS Super 100 and Duo



17

Air sampler



Air sampling



Samplers: Andersen vs RCS

Brazilian Journal of Medical and Biological Research (2003) 36: 613-616



Indications for sampling
• 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



Method
• The air sample is aspirated through the instrument at a 

nominal rate of 180 litres/minute for a period of between 20 
seconds and 6 minutes giving a volume range between 60 -
1080 litres 

• The airflow is directed towards the agar surface of a 50 mm 
diameter contact plate that contains 12.5 ml of agar 

• The plate is then removed for incubation



Location of sampling

• 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
– For temporal and spatial variation in spore levels within any 

environment.



Sampling time

• Trial and error

• Not too long in sampling time in a heavily contaminated 
environment then the colonies
– confluent growth  - the colonies may even be uncountable



Laboratory procedure
• On receipt of the contact plates, these are placed in a pre-heated 

incubator to 280C for 5 days 

• Identification of fungal colonies is based on colony characteristics and 
micro-morphological characteristics ascertained through microscopic 
examination at 400X magnification

• Specimens for examination should be prepared using a wet needle 
mount using lactophenol with cotton blue stain (0.75%)



Interpretation

• 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
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Fig. 1. Monthly meteorological data for the period studied, including rain, mean temperature (Temp), wind speed and relative humidity. (Rel. Hum.)

There were outdoor construction works near the main entrance
from November 2007 to March 2008, and in the third floor CR
from August to early November 2007. Outside, a new 8-floor build-
ing was being built on a ca. 20 m × 50 m surface area, and inside,
3–5 workers were renovating two sections in the third floor,
including the room sampled. Here the window was found open
before sampling on eight occasions, but during the sampling period
the window was always shut. To partly prevent exposure to
dust, the construction areas inside de building were sealed off with
impermeable plastic sheeting during sampling.

Statistical methods

The Shapiro–Wilk test was used to evaluate the normal-
ity of the data. In spite of a log transformation we  had
to use non-parametric statistics. To test for seasonality, we  applied
the non-parametric Friedman test, which permits the compar-
ison of two sources of variation (blocks and ranks). Blocks or
groups are the sampling point data and ranks are the seasons.
Non-parametric Spearman correlation coefficients (Rho) between
the CFU or propagule data and the daily meteorological data were
calculated. These were mean temperature, rainfall, wind speed,
and relative humidity. Fig. 1 shows the monthly meteorological
data for the period studied. To test the influence of other environ-
mental circumstances, such as construction works or the fact of
a window having been left open temporarily, the non-parametric
Kruskal–Wallis test was  used. Seasonal comparisons and their rep-
resentation in the figures included entire months (winter: J, F, M;
spring: A, M,  J; summer: J, A, S; autumn: O, N, D).

Results

A total of 2456 CFUs were counted. The outdoor mean concen-
tration was of 107 CFU/m3, and that indoors was of 24 CFU/m3. The
highest indoor mean values were for the third-floor CR (31 CFU/m3)
and the lowest for the ground-floor CR (14 CFU/m3). The mean val-
ues for the two OWs  were very similar (25 and 27 CFU/m3 for the
ground and the third floors, respectively).

A total of 35,330 propagules were counted. The outdoor mean
was of 2473 propagules/m3 and that indoors of 790 propagules/m3.
The highest values: peaks were for the third-floor OW (1053
propagules/m3), and the lowest were again for the ground floor
CR (505 propagules/m3). For the two OWs, the means were

likewise similar (959 and 1053 propagules/m3 for the ground and
the third floors, respectively).

Since neither the CFU nor the propagule data followed a normal
distribution [Shapiro–Wilk test (W = 0.605, p-value < 0.001 for CFU;
and W = 0.610, p-value < 0.001 for propagules)], non-parametric
tests were applied. No statistically significant difference was found
between the CFU and propagule data when both years were com-
pared. The outdoor sampling results showed the lowest values
in winter and the highest in summer, with those of spring and
autumn being similar. For the indoor sampling, the differences in
the CFU results were greater between the four sampling points
than between seasons (Friedman test, p-value 0.0824) (Fig. 2A)
but, for propagules, there were statistically significant differences
between seasons (p-value 0.0194): the values were lowest in win-
ter, highest in spring and autumn, and intermediate in summer
(Fig. 2B). The Kruskal–Wallis test showed statistically significant
seasonal differences for the indoor data (CFU K-W 31.2971, value
0.0006E−3 and propagules K-W 48.9005, p-value 0.0001E−6) and
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Fig. 2. (A) Mean indoor CFU values in the four seasons and for the four sampling
sites. (B) Mean indoor propagule values in the four seasons and for the four sampling
sites. Bars represent standard errors.

Monthly meteorological data for the period studied, including 
rain, mean temperature, wind speed and RH (%)
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Fig. 3. Annual variation of temperature (Temp) and outdoor CFU and propagule concentrations.

for outdoor propagules (K-W 11.9472, p-value 0.0076), but not for
outdoor CFUs.

With regard to the meteorological data, only for the outdoor data
were there statistically significant correlations for mean tempera-
ture (positive) and for relative humidity (negative) (temperature:
Rho 0.370, p-value 0.004 for CFU; and Rho 0.486, p-value 0.000 for
propagules; relative humidity: Rho −0.281, p-value 0.030 for CFU;
and Rho −0.357, p-value 0.005 for propagules) (Fig. 3).

The mean number of people present in the OWs  was 25.2 (2–79,
s 16.1) for the ground floor and 24.7 (2–57, s 11.2) for the third floor.
The Spearman correlation coefficient was only statistically signif-
icant (positive) for propagules on the third floor OW (Rho 0.348,
p-value 0.011).

Comparing the outdoor results with those indoors, the Spear-
man  correlation coefficients were statistically significant for
propagules at the four indoor sampling points (Rho 0.407, p-value
0.001, for the ground floor CR; Rho 0.644, p-value 0.000 for the
ground floor OW;  Rho 0.422, p-value for the third floor CR; Rho
0.548, p-value 0.000 for the third floor OW)  and CFUs at the three
indoor sampling points (Rho 0.300, p-value 0.020, for the ground
floor CR; Rho 0.258, p-value 0.046 for the ground floor OW;  Rho
0.408, p-value 0.001 for the third floor OW).

During the outdoor construction period (only studied in the
first year), the mean outdoor fungal concentrations (62 CFU and
1140 propagules/m3) were lower than for the rest of the samp-
ling period (106 CFU/m3 and 3083 propagules/m3). Only for one
of the four indoor sampling points and for one set of measure-
ments (CFU counts on the ground-floor OW)  was the concentration
higher during this period. The Friedman test applied to the data for
the five sampling points comparing days with and days without
construction works showed no difference for CFU values (p-value
0.1797), but there was a significant difference for propagules
(p-value 0.0253). These differences apply to data from outdoors
and from the ground floor (Fig. 4A and B).

The data for the third-floor CR relating to the eight days of
the first year studied, when the window found open before the
sampling period gave means of 32 CFUs and 894 propagules/m3,
and for the days when the window was closed, 25 CFU/m3 and
544 propagules/m3. During the renovation activities on this floor,
the means were higher (42 CFUs and 1271 propagules/m3). In both
cases there were no statistically significant differences using the
Kruskal–Wallis test (Fig. 5).

Comparing results for the same floor, we found statistically sig-
nificant differences only for the CFU data between the CR and OW
on the ground floor, even if the data corresponding to the renova-
tion period in the third floor were ignored.

Total colonies and propagules found appear in Tables 1 and 2.
The five most frequent fungal taxa identified appear in Table 3.

The presence of Cladosporium showed the same seasonality
as that of the total airborne fungi, with lowest values in winter
(both indoors and outdoors), and peaks in summer for out-
doors and in spring and autumn for indoors (Fig. 6). The mean
loads during the outdoor construction works were lower than
during the rest of the period, for both the indoor and the outdoor
sampling. For indoors, differences between seasons were higher
(Friedman p-value for CFU 0.0192 and propagules 0.0169) than
between sites (Friedman p-value for CFU 0.0314 and propagules
0.1272).

For either CFUs or propagules of Aspergillus and Penicillium,  the
differences between seasons were greater than between sites when
using the Friedman test, although none of them was  statistically
significant (Fig. 7). In the third-floor CR, the Kruskal–Wallis test
showed no statistically significant differences when the window
was open or when renovations were taking place.
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Interpretation
• 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



Recommend to do further investigation of sources 
of contamination

• Total indoor counts > 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



Air sampling
• Targeted air sampling

• Written, defined, standardised, multidisciplinary protocol for 
sample collection and culturing

• Analysis and interpretation of results should use scientifically 
determined or anticipatory baseline values for comparison

• Expected actions, based on the results obtained, should also be 
defined

Chang CC. Internal Medicine Journal 44 (2014)



Recommended results analysis

• Best to look at performance trend and correlate with activities

• Exposure level of <5 CFU/m3 of Aspergillus spp. in protective 
isolation areas

• <0.1 CFU/m3 in HEPA-filtered environments, with limits of 15 
CFU/m3 for total colony counts of all fungal organisms

Guidelines for Environmental Infection Control in Health-Care Facilities. Recommendations of CDC and the Healthcare 
Infection Control Practices Advisory Committee (HICPAC).

Morris G, Kokki MH, Anderson K, Richardson MD. Sampling of Aspergillus spores in air. J Hosp Infect 2000; 44: 81–92

Munoz P, Burillo A, Bouza E. Environmental surveillance and other control measures in the prevention of nosocomial 
fungal infections. Clin Microbiol Infect 2001



Further actions
• Start appropriate antifungal prophylaxis or pre-emptive therapy if 

not already used
• Perform an intensive retrospective review of microbiological, 

histopathological and post-mortem records for other cases
• Alert clinicians caring for high risk patients to the possibility of 

infection
• Establish a system for prospective surveillance of patients and their 

environment for additional cases
• If further cases arise in the absence of a nosocomial source 

consider monitoring home environments of patients pre-admission



Persistent high counts

• Sample:
– dust
– fabrics
– ventilation ducts/screens/fans
– ceiling voids
– kitchen areas
– excreta of roosting birds in close proximity of windows
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presented a positive culture for Fusarium in the urine. The
computed tomography images did not show kidney lesions, and
the positive urine culture was interpreted as secondary to
fungemia, although blood cultures did not yield Fusarium. On
the other hand, the investigation of 2 other patients (patients 8
and 10 in Table 1) revealed kidney lesions. All patients were
treated with a combination of antifungal drugs until death of the
patient or disappearance of pulmonary lesions, after which
patients were put on secondary prophylaxis with oral vor-
iconazole. General mortality was 70% and mortality due to
fusariosis was 50%. The distribution of confirmed cases over
the period in question is shown in Fig. 1. There were no cases
with cutaneous portal entry among patients and no cases of
onychomycosis or fungal skin conditions among health care
workers.

Evaluation of the unit

In the 2 rooms for hematopoietic stem-cell transplant patients,
air was filtered with high-efficiency particle air filters with 12 air
changes per hour, but they had not been used when the
outbreak occurred. In the other 15 rooms, there was a com-
mon air conditioning system with no special filtering. The ceiling
of this unit consisted of removable panels with communication

with the service floors. On inspection there was a large
quantity of dirt and dust on these service floors.

The water in the taps and showers in the patient rooms
came from 3 reservoirs (40 000, 25 000 and 12 000 L) that
received water directly from the public water company. Water
was heated in a central reservoir with a gas heater. On in-
spection the water reservoirs were dirty and presented slime.
Maintenance had been neglected since 2006, but in February
2009 the reservoirs had been reportedly cleaned and treated
with a chlorine solution. The results of the initial environmental
cultures can be seen in Table 2. Six of the rooms had positive
water cultures for Fusarium. Air and environmental cultures
were positive in 3 rooms.

The water samples collected 1.5 and 5 months after the first
investigation and after the implementation of the initial control
measures were negative. Ten months later, all water samples
(from rooms and reservoirs) were negative but 4 rooms had
positive swabs for Fusarium and 7 rooms presented positive air
cultures. This and the occurrence of 2 more confirmed cases
led to the installation of 0.2-μm water filters on all faucets and
showers in all rooms.

Despite negative environmental cultures after the installation
of 0.2-μm water filters, 4 confirmed cases still occurred.
However, these patients alternated hospital stays between 2
different hospitals and it was not clear where the acquisition of

FIG. 1. Distribution of confirmed

cases of fusariosis that occurred

during an outbreak in a children’s

cancer hospital.

CMI Litvinov et al. An outbreak of invasive fusariosis 268.e4
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including 10 confirmed 
cases

Water was defined as 
the main source

Distribution of confirmed cases 
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during an outbreak in a 
children’s cancer hospital 



Fusarium may have occurred. Since July 2011 there have been
no more cases.

In summary, environmental cultures with positive results
were initiated in June 2009 through March 2010. After that they
were negative for Fusarium. The confirmed cases occurred
from February 2009 through June 2011. Molecular typing of the
isolates showed an identical pattern for all F. oxysporum isolates
from the environment and patients 2 and 3 (Fig. 2). Among the
environmental F. solani isolates, there was high similarity.
However, patient 3 presented an F. solani isolate unrelated to
environmental isolates.

Discussion

To our knowledge, this is the first report of an outbreak of
invasive fusariosis in a cancer hospital. There have been various
descriptions of outbreaks of keratitis due to contamination of
contact lens products [17,18] and of endophthalmitis after
cataract surgery [19,20]. There has been a description of a
pseudo-outbreak of F. solani related to contamination of a
bronchoscope [21].

This outbreak lasted 2 years including 10 confirmed cases.
Water was defined as the main source. Ample initial control
measures were not effective as new cases continued to occur.
Only the use of 0.2-μm filters in all tap faucets and showers
controlled the outbreak.

Molecular typing of the isolates showed similarity between
isolates from 2 patients and from the environment. One of
these patients presented isolates of 2 different species, one of

which was related to the environmental isolates (F. oxysporum).
We believe that the typing method used in our study was
discriminatory [14,22].

The genus Fusarium is an environmental fungus disseminated
in the soil, air and water, common to tropical and temperate
areas [1]. Infection may occur as a result of inhalation of conidia
followed by hematogenous dissemination, or from direct
inoculation of skin or mucosae [1,23]. Although the most
common is the respiratory pathway, superficial infections may
disseminate in immunocompromised hosts [1]. Thus, during
our investigation we evaluated all of the patients and health care
workers for the presence of onychomycosis or other skin
conditions, with negative results [24].

There are a number of studies that show that water can be a
source of infection in hospitalized patients. This is especially
true for Legionella and Pseudomonas. There are also studies
demonstrating colonization of water reservoirs in hospitals by
molds [25], including Fusarium [26]. A recently published
guideline on diagnosis and management of hyalohyphomycosis
[27] suggests investigation of tap water and bathrooms as an aid
in prevention of hospital-acquired infection. In our investigation
the fungus was identified in the water, suggesting that water was
the probable source of contamination. The colonization of the
water by fungi in an oncohaematologic hospital has been
demonstrated, and many genera were cultured from the water
(Cladosporium, Penicilium, Aspergillus) [28]. Another study using
molecular typing showed that a hospital water reservoir was
the source of invasive Fusarium infections [29], although a
Brazilian study comparing molecular typing of Fusarium in the
water system of a haematology hospital with samples of

TABLE 2. Environmental cultures performed during an outbreak of fusariosis in a children’s cancer hospital

Room
number

Cultures of
the water

Cultures of
swabs

Air
cultures

Cultures of water after
hyperchlorination

Cultures

June 2009 August 2009 January to March 2010

Shower Tap Drains and taps Dry Humid Shower Swabs Water Dry air Humid air

1 + + ND − − − − − + −

2 + + + + − − + − − +
3 + + + + + − − − − −

4 − − ND ND ND ND ND ND ND ND
5 − − ND ND ND − − − − −

6 − − ND ND ND − − − ND ND
7 + + + + − − − − + +
8 + + ND − − − − − − −

9 − − ND ND ND − − − − −

10 − − ND ND ND − − − − −

11 − − ND ND ND − − − + −

12 − − ND ND ND − + − − −

13 − − ND ND ND − + − − −

14 ND ND ND ND ND ND ND ND ND ND
15 − − ND − − − − − − +
Isolation room 1* ND ND ND ND ND − − − + −

Isolation room 2* + + − − − − + − + +

+, positive for Fusarium; −, negative for Fusarium; ND, not done; Humid, air collected during the flow of the shower in the adjacent bathroom; Dry, air collected before the
shower was opened in the adjacent bathroom.
*For transplant patients.

268.e5 Clinical Microbiology and Infection, Volume 21 Number 3, March 2015 CMI
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Environmental cultures performed during an outbreak of 
fusariosis in a children’s cancer hospital 
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of the nosocomial water supply systems may serve as a
route for systemic mould infection. Indeed, it has been
demonstrated that fungal propagules may be aerosolised
when contaminated water passes through shower heads,
taps and toilet bowl, causing respiratory exposure in sus-
ceptible patients, especially in areas of major water use,
such as showers. Those findings have supported the “wet
route” of transmission for human systemic aspergillosis
and fusariosis [4-6].
Despite the high incidence of mould infections, espe-

cially fusariosis and aspergillosis, in medical centres in
Brazil and Latin America, there are few studies available
addressing the presence of fungal pathogens in the water
supply systems of medical centres in our region [7-9].
The occurrence of Fusarium infection in Paediatric On-
cology patients undergoing Haematopoietic Stem Cell
Transplantation (HSCT) prompted us to investigate the
presence of microfungal contamination in the water dis-
tribution systems of the Oncology Paediatric Institute –
GRAACC – UNIFESP, a tertiary care hospital devoted to
the medical assistance of children with cancer.

Methods
Setting
The environmental surveillance of pathogenic fungi was
conducted in the Oncology Paediatric Institute of the
Federal University of São Paulo (Universidade Federal de
São Paulo (UNIFESP), São Paulo, Brazil, a center with
300 new patients/year with a very busy day-hospital and
29 beds, including intensive care and HSCT units. The
survey was conducted in the Paediatric Haematopoietic

Stem Cell Transplant Recipient unit (HSCT), a division
with four bedrooms and a total of six beds, all of which
are equipped with a high efficiency particulate air filter
(HEPA) and positive pressure (Figure 1).

Surveys
During a period of twelve months (March 2007-
February 2008), we investigated monthly the water sys-
tem supply of the HSCT unit by monitoring a total of
fourteen different collection sites: the location at which
the municipal water supply enters the hospital, four
cold-water tanks (temperature about 25°C, two above-
ground and two underground storage reservoirs) and
nine sinks located in four bedrooms: four bathroom taps
and one nurses’ station. These four cold-water tanks
feeding all units included in this study. Before all water
sampling, the target taps were flushed at maximum cap-
acity for 5 minutes to rinse the accumulated dust and
dirt from the pipes and tap. Samples from water reser-
voirs were collected using the Automatic Water Trap
(Policontrol, São Paulo, Brazil). Next, each sample bottle
was carefully sealed and immediately transported to the
laboratory for further analysis. All samples were col-
lected at environmental temperature.

Physicochemical analysis of water samples
Samples from water taps and tanks were collected every
30–40 days using sterile one-litre glass containers. All
samples were collected at environmental temperature.
The samples were transported and processed in the Spe-
cial Laboratory of Mycology (LEMI), Federal University of

T2
Maximum 
capacity
35,000 l

T1
Maximum 
capacity
35,000 l

T4
Maximum 
capacity
35,000 l

T3
Maximum 
capacity
35,000 l

B1 B2 B3 B4

HSCT unit with 4 suites (B1-
B4) and nurses station

Hospital water tanks (4)

Point where the 
municipal water 
supply enters the 
hospital

Nurses station

Municipal water supply

Sites of collection: sink taps.

Figure 1 Water distribution system facilities that were sampled during the environmental surveillance study of pathogenic fungi. This
figure illustrates all collection sites: easel, tanks (TI -T4), sink taps from 4 hospital rooms (B1-B4 represent suites) located on the same floor and a
nurses station.
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renewed before this study to remove the toilets’ water
reservoirs and the showers heads. All patients since
them have dry baths or use mineral water to clean. No
other infections were observed after these measures.

Discussion
Studies conducted worldwide have shown that fila-
mentous fungi may be isolated from nosocomial water

supply systems. However, there is no standard method
for processing cultures that are obtained from sam-
ples representative of the water distribution system.
Indeed, publications on this topic use different sam-
pling methods, different volumes, and a large diversity
of culture media and processing techniques to concentrate
the inoculum to be identified [3,12-15]. Consequently, in
the absence of a standard method for recovering fungi
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• 1L samples from water taps and tanks were collected every 30–
40 days using sterile one-litre glass containers

• Filtered and cultured on SDA plates for 15 days at 250C and 
370C



Mould in tap water

• Free residual chorine rate varied from 0.14-0.89 mg/mL, with a 
mean of 0.38 mg/mL
– Consistent with those established by the Brazilian Ministry of Health, 

ordinance no 518/2004, which set the standard for drinking water in 
Brazil

– Mould conidia may be more resistant to chlorine (Rosenzweig WD, Minnigh
HA, Pipes WO: Chlorine demand and inactivation of fungal propagules. Appl Environ Microbiol
1983, 45:182–186)



Water sampling

• High-risk patients avoid drinking tap water 

• Targeted water sampling should be considered in 
comprehensive investigations of healthcare-associated fungal 
outbreaks



Conclusion
• Surveillance

• Monitoring
– Sample as and when required
– Follow up results over time
– Use the service of a professional vendor

• Environment hygiene is one of core component of the IPC program
– Air, water, general environment cleanliness (hygiene)



THANK YOU


