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Summary

Background. Nosocomial infections (NI) are above all due to
health-care workers practices, but also the contamination of the
environment could lead to their rise in health-care facilities.
Introduction. In the last years, the incidence of NI has increased
due to a substantial rise in the number of immuno-compromised
patients. These patients are often gathered in hospital areas
declared at “high risk” of infection such as Hematology and
Bone Marrow Transplant ward. In this study, we evaluated
microbial contamination of the air in two divisions with high risk
patients, focusing on the validity of the air system with correla-
tion to the presence or not of the HEPA absolute filters.
Methods. An environmental surveillance study has been carried
out in two Divisions of Haematology, in two different Hospitals.
Investigations have been performed by sampling air and by
analyzing bacterial and fungal growth on microbiology plates
after an incubation period.

Introduction

Nosocomial infections (NI) refer to infections occurring
during hospitalization or, in some cases, after the patient
has been discharged, and are due to conditions which
were not clinically manifest or in incubation at the time
of admission [1].

NI are, by definition, an important problem in the public
health system. This not only for the serious repercus-
sions upon the patient and the community, with addi-
tional costs to safeguard, treat and restore the patient’s
health, but also, and above all, for the maintenance of
the quality of healthcare provided by the medical pro-
fession [2-5].

Over the last few years, this phenomenon has markedly
increased, also on account of the considerable rise in the
number of patients whose general and immune defences
are extremely low. This might be due both to the disease
from which they are suffering and to the particularly
aggressive diagnostic and therapeutic procedures to
which they are submitted [6-9]. These patients are often
admitted in hospitalization units defined at “high risk”
of infection, including Haematology and Bone Marrow
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Results. Unit A, without HEPA filters in the ventilation systems,
showed a gradual increase in the bacterial load 20 and 60 days
after cleaning of the ventilation system. Mycetes and Aspergilli
were not present in basal conditions, at 20 or 60 days after
decontamination. Unit B, equipped with HEPA filters placed
at the inlet vents, showed extremely low values of the bacterial
load either in basal conditions or upon inspection 60 days after
cleaning. No mycetes were present.

Discussion. From the results obtained, it was evident that fol-
lowing the cleaning operation, the quality of the air is excellent
in both types of equipment, since no mycetes were present and
the bacterial load was < 20 CFU/mc in all the sites tested.
However, although in subsequent controls mycetes were absent
in both types of equipment, a great difference in the suspended
bacterial load was found: Unit B was close to sterility whereas
in Unit A a progressive increase was observed.

Transplant Centres. In these Units, the microbiologi-
cal contamination of the air may be important in the
spreading of microbes responsible for infections. Often,
in many Italian hospital environments, there are venti-
lation systems which were built only to ensure a good
comfortable microclimate but totally lack adequate air
turnover and filtering systems able to block the majority
of micro-organisms [10-14].

It appeared worthwhile, therefore, in the present study,
to evaluate microbial contamination of the air in two
divisions reserved for the hospitalization of patients at
high risk of nosocomial infections. In particular, atten-
tion was focused on the validity of the air system, also
in correlation to the presence and the positioning of
the HEPA (High Efficiency Particulate Air) absolute
filters.

Material and methods
An environmental surveillance study has been carried

out in two Divisions of Haematology, in two different
Hospitals: Unit A which was equipped with “pocket”
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filters at the Air Treatment Unit (UTA) level but with-
out HEPA filters, either centralized or in the peripheral
areas, and Unit B equipped with HEPA filters placed at
the inlet vents.

Both Units have completed the decontamination of the
ducts on the same day, considered as the beginning of
the study. Unit A (about 320 m?) was studied immedi-
ately after having completed the decontamination, after
20 days and after 60 days; Unit B (about 300 m?) was
studied immediately after having terminated the decon-
tamination and after 60 days.

Air sampling was carried out in proximity of the inlet
vent of the ventilation equipment: in Unit A, samples
of air were collected in two wards (Ward 1A, Ward
2A) and in 3 areas of the corridor of the Unit (Begin-
ning, Centre, End); in Unit B two series of air collec-
tion were carried out, in 2 wards (Ward 1B, Ward 2B)
and in just one area of the corridor (Centre), in the
Division.

Sampling was carried out using SAS (Surface Air Sys-
tem) equipment programmed to sample 200 litres of air
per minute, prolonging aspiration for 5 minutes in order
to evaluate an overall volume of 1000 litres of air [15].
The instrument was prepared placing a Rodac plate
(PCA2001) 55 mm in diameter (equivalent to a 24 cm?
surface) containing 16.5 ml PCA culture medium which
is suitable for the growth of bacteria and then a Rodac
plate containing the same quantity of Sabouraud me-
dium, suitable for the growth of mycetes; the instrument
was then placed very close to the position previously
selected for collection of the sample, but not actually
in contact to avoid contamination by environmental
material.

Once the previously defined exposure time to the air
flow had been reached, the plate was removed and im-
mediately incubated to prevent alteration of the micro-
biological characteristics of the sample.

ANALYSIS OF THE ENVIRONMENTAL SAMPLES

The plates with a PCA culture medium (aimed at
bacterial growth) were incubated in a thermostat at a
temperature of 37°C + 1°C for 3 days and the plates
with Agar Sabouraud medium (used for fungal growth)
at 30°C = 1°C for 7 days. Morphology of the mycelial
threads, the conidia, and the spore were examined in
blucotton lactophenol (LPCB)(BCLP) in dry conditions,
both at low (100x) and high magnification (430x).

The number of colonies growing on the selective Agar
was related to the cubic meter of air collected, in order
to obtain the colony forming unit per cubic meter of
air = CFU/mc.

Bacterial and mycetes load values >0 CFU/mc were
considered as positive [16, 17].

STATISTICAL ANALYSIS

Statistical analysis, related to the bacterial load revealed
at the various times, was carried out using the paired T
test with JMP statystical analysis software. Data are ex-
pressed as mean + SD and were considered statistically
significant when p < 0.05.

Results

Results related to Unit A (Tab. I) show that, immediate-
ly after cleaning of the ventilation conduits, the bacterial
load was very low in the air collected at the inlet vent.
However, 20 days after cleaning of the ventilation con-
duits, the bacterial load had increased in all 5 positions
checked (the mean value was increased 5-fold with re-
spect to the values recorded immediately after cleaning
of the conduits).

At 60 days after cleaning of the ventilation conduits an-
other consistent increase in bacterial load was observed
in all 5 positions checked (the mean value was, in fact,

Tab. I. Results concerning ward A ventilation system.
Ward A ventilation system without hepa filter
Sampling Site Air sampling to the inlet vent Air sampling to the inlet vent Air sampling to the inlet vent
after decontamination after 20 days after 60 days
Bacterial load Mycetes Bacterial load Mycetes Bacterial load Mycetes
CFU/mc CFU/mc CFU/mc CFU/mc CFU/mc CFU/mc
Ward 1A 15 0 40 0 180 0
Ward 2A 0 0 15 0 100 0
Corridor (begin- 10 0 25 0 70 0
ning)
Corridor ( cen- 5 0 25 0 80 0
tre)
Corridor (end) 0 45 74 0
mean 6 30 100.8 0
s.d. 6,51 12.24 45.75 0
T- test paired T=4311 T=3.619
P =0.013 P =0.022
s.d. = standard deviation
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Tab. Il. Results concerning Ward B ventilation system.

Ward B ventilation system With hepa filter

Sampling site Air sampling to the inlet vent Air sampling to the inlet vent
after decontamination after 60 days
Bacterial load Asperagillus Other Mycetes  Bacterial load Aspergillus Other Mycetes
CFU/mc CFU/mc CFU/mc CFU/mc CFU/mc CFU/mc

Ward 1B 0 0 0 4 0 0
Ward 2B 10 10 0 2 0 0
Corridor (centre) 0 0 0 0 0 0
mean 33 33 0 2 0 0
s.d. 5,7 5,7 0 2 0 0

T- test paired T=4311P =0.013

s.d. = standard deviation

increased 15-fold with respect to the values recorded  to control Aspergillus infection [24-27]. However, the
immediately after cleaning of the conduits). structural modifications needed to follow the Guidelines
Mycetes and Aspergilli were not present in basal condi-  require considerable economic investments which can-
tions, either at 20 days or 60 days after decontamina-  not always be afforded by many Italian hospitals.

tion The aim of the present investigation was to conduct a
Results related to the B Unit (Tab. II) show that, in the  comparative evaluation of the air system in use in the
first sampling, performed immediately after cleaning  Haematology Unit, in which the Guidelines have been
of the devices, the bacterial load was extremely low; in  followed, and the one in use in the Haematology Unit in
the second sampling performed 60 days after cleaning,  which the ventilation system has a traditional “pocket”
the bacterial load was still maintained within very low  fjter”.

values. This comparison has been made and we did not limit

As far as concerns mycetes, the Aspergillus load ex-  oyr efforts to evaluating only the mycetic load, but also
ceeded recommended values in basal conditions, whilst studied the general bacterial load.

60 days after cleaning values had returned within the  gjnce this ventilation equipment naturally faces a cer-

norma}ll range. her in basal conds tain degree of particulate as well as dust contamina-
No other mycetes were present, either in basal condi- tion while in use [28, 29], numerous systems aimed

tions, or upon inspection 130 days after cleaning. at decontamination, sanification and disinfection have
focused on these aspects [30, 31].

Both our ventilation systems have been evaluated im-
mediately after the cleaning operation. For this evalua-
tion we considered it worthwhile measuring the quality
of the air according to standardized techniques using the
SAS (Surface Air System) equipment.

From the results obtained, it was evident that following
the cleaning operation, the quality of the air is excel-
lent in both types of equipment since no Mycetes were
present and the bacterial load was <20 CFU/mc in all

Discussion

The quality of air in the operating theatre is guaranteed
by constant checking and, in this respect, several coun-
tries, including Italy, have prepared Guidelines (IS-
PESL) focusing on the microbiological parameters in
suspended air. On the contrary, no detailed and conclu-
sive evaluation has ever been elaborated and accepted in
what concerns the inpatient wards [18]. .
To date, the quality of air in these units has been evalu-  the sites tested. ,

ated primarily using the Air Duct Cleaners Association ~ Subsequent controls, both for Mycetes and for Aspergil-
system (NADCA), proposed, however, for all indoor lus loads, showed that these microorganisms were ab-
environments [19]. sent in both types of equipment, a result expected for the

Furthermore, some units are now considered more at ~ equipment in Unit B and also found in Unit A. This unit,
risk of nosocomial infections than the operating thea-  therefore, in the somewhat short period considered, had
tre used for “routine” surgical interventions [20]. Of  emitted air of sufficiently good quality to prevent the
these, it is worthwhile mentioning the Haematology  possibility of Aspergillus infection in the patients.
Unit, upon which we have focused our attention. In ~ However, we found a great difference in the suspended
fact, in these Units the most important problems from  bacterial load for the two types of equipment: in Unit B,
an aereogenic point of view are related to Aspergillus  the suspended bacterial load at the duct remained close
infection. For this reason, explicative Guidelines have  to sterility, whereas in Unit A, a progressive increase
been elaborated ad hoc [21-23] and assert the efficacy =~ was observed which, already after two months, had
of the ventilation system equipped with HEPA filters  reached a considerable degree.

B i, .
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conclusion

Our data demonstrate that, in spite of all expectations, the
Units with ventilation equipment without HEPA filters
are able to maintain emission of air that is not contaminat-
ed by Aspergillus for relatively long periods (2 months).
Therefore, in our opinion, if these structures need struc-
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