J PREV MED HYG 2017; 58: E166-E172

ORIGINAL ARTICLE

Five-year microbiological monitoring of wards
and operating theatres in southern Italy

V. LA FAUCI !, C. GENOVESE 2, A. FACCIOLA 2, M.A.R. PALAMARA 2, R. SQUERI !
' Department of Biomedical and Dental Sciences and Morphofunctional Imaging, University of Messina, Italy;
2Postgraduate Medical School in Hygiene and Preventive Medicine, University of Messina, Italy

Keywords

Microbiological surveillance ® HCAI » Operating rooms * Wards

Summary

Introduction. Nosocomial infections are one of the greatest prob-
lems in public health. Several studies have highlighted the role
played by the hospital environment as a possible source of trans-
mission of nosocomial pathogens.

Methods. A five-year monitoring of bacterial contamination on
healthcare workers hands, surfaces most closely in contact with
inpatient wards, operating theatres and “at rest” and “in use”
operating theatre air samples. For the samples, we used sterile
swabs, contact slides, manual API, and automated VITEK systems
for identification.

Results. In the five-year period, a total of 9396 samples were col-
lected and analysed. In ward patients, 4398 samplings were car-
ried out with 4.7%, 9.4%, 7%, 10.8% and 7.9% positive results

Introduction

Hospital infections are, even today, one of the main prob-
lems of public health [1]. Much importance was given,
in recent years, to the contamination of the hospital en-
vironment in the onset of these infections. One of the
most controversial and debated issues is the qualitative
and quantitative role of the environment in the process of
patient contamination, in particular the role of adjacent
surfaces and furniture. It is known that these surfaces act
as reservoirs for microorganisms, increasing the risk of
cross-contamination through direct and/or indirect con-
tact with the patient [2-5]. Recent studies have focused
on the role of hospital environment sanitation processes,
establishing a correlation between microbiological con-
tamination of surfaces in direct contact with the patient
and Healthcare Associated Infections (HCAI) [6]. The
spread of microorganisms is undoubtedly related to the
presence of the patients themselves, the latter being the
first source of contamination of the environment and
especially of all those sites that are closely associated
with them, such as the bed, the bedside table, the pow-
er supply carriage etc., which are frequently touched
(“high-touch surfaces”) and easily contaminated [7]. For
many infections of the surgical site, in addition to the
patient’s endogenous flora, the main source of infection
is the contamination of the surgical site with desquama-
tive cells [8]. Appropriate clothing and appropriate be-

respectively from 2010 to 2014. For hands, 648 samplings were
carried out, with a positivity of 40.74%. In operating theatres,
4188 samples were taken, with a positivity of 11.9%. Regarding
air in empty and full theatres, 1962 samplings were carried out
with a positivity rate equal to 31.9%. The monitoring showed a
low rate of contamination with a progressive decrease in the five-
year period on operating theatres surfaces and hands, while there
was an increase in the surgical site wards and in the air of operat-
ing rooms.

Conclusions. Our investigation has revealed the presence of
pathogens on the assessed surfaces and the need for environmen-
tal monitoring, which can be a valuable tool for reducing con-
tamination.

haviour on the part of the health workers, along with a
controlled ventilation system (CVS) are indispensable
measures to reduce microbial air contamination. It was
also demonstrated that many important nosocomial path-
ogens, such as the methicillin-resistant Staphylococcus
aureus (MRSA) and vancomycin-resistant Enterococ-
cus (VRE), are frequently found in the areas around the
patients infected with these pathogens [9-12]. Several
studies have also shown that microorganisms can pass
directly from the contaminated surfaces to the hands of
healthcare workers, in the absence of direct contact with
patients [13, 14]. They also possess an ability to survive
for a long time on dry surfaces. MRSA, VRE and Aci-
netobacter spp, under certain conditions, can survive for
4-5 months [15]. It is also important to underline the fact
that, for many pathogens, the infective dose appears to
be very low and therefore a slight contamination of the
environment is sufficient to cause the onset of infection.
For example, it has been shown that less than 15 cells of
S. aureus are sufficient to cause infection in experimen-
tal lesions [16]. For many infections of the surgical site,
in addition to the patient’s endogenous flora, the main
source of infection is the contamination of the surgical
site’s air by desquamative cells.

From all this we understand the importance of a con-
tinuous monitoring of hospital environments in order to
minimize the contamination of the surfaces and, conse-
quently, the possibility of the occurrence of infections.
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Dancer has proposed the introduction of routine micro-
biological checks of surfaces in hospitals although this
practice is not recommended by the CDC [17, 18].

Materials and methods

The purpose of our research was to detect, through
five-year monitoring (January 2010-December 2014) in
Messina’s University Hospital, the presence of bacterial
contamination of the surfaces of operating theatres and
hospital wards. The presence of microorganisms on the
hands of healthcare workers, which today represent one
of the main vehicles of transmission of pathogens, par-
ticularly in the hospital setting, was also evaluated [19].
The wards and operating theatres included in the study
were part of Medical (Internal Medicine and Paediatrics
Operating Unit), Surgical (General Surgery, Orthopae-
dics, Neurosurgery, Maxillofacial Surgery, Thoracic-
Vascular Surgery, Gynaecology and Obstetrics, Paediat-
ric Surgery, Plastic Surgery Operating Units) and Emer-
gency (Intensive Care, Neonatal Intensive Care Unit)
areas.

All operating theatres (General Surgery, Otolaryngol-
ogy, Ophthalmology, Plastic Surgery, Orthopaedics,
Neurosurgery, Maxillofacial Surgery, Thoracic-Vascu-
lar Surgery, Gynaecology and Obstetrics and Paediat-
ric Surgery Operating Units) were also included in the
study. Surfaces considered to be the most immediately
in contact with the patients were identified and, along
with the hands of healthcare workers, were then sam-
pled: bed bars and header, bedside table, taps, and han-
dles in wards; surgical carts, light and tables in surgical
theatre areas.

Random sampling on the hands of healthcare workers,
both medics and nurses, who performed diagnostic and/
or therapeutic procedures on the patient were also car-
ried out. Contact slides (manufacturer: PBI) containing
various culture media were used for sampling: PCA for
the bacterial load, Vogel-Johnson agar for Staphylococ-
cus spp, Cetrimide agar for Pseudomonas spp, Rose
Bengal agar + CAF for yeast and mould, VRBG agar for
Enterobacteriaceae and Bile-Esculin agar for Enterococ-
cus spp. Each slide was placed in direct contact with the
surfaces for 10 seconds. At the same time, sterile cot-
ton swabs swiped in all directions (horizontal, vertical
and diagonal) were used within a sterile disposable mask
(10x10 cm?) that was placed on the analysed surface.
The swabs were immediately placed in a 5 ml tube con-
taining an enrichment broth (brain-heart infusion broth)
and, only subsequently, incubated at 37° C for 24 h.

For the evaluation of microbial contamination in op-
erating theatre air, expressed as CFU/m’, the sampling
was carried out with a semi-automatic sampler (SAS
Super100, Sampler Air System, PBI) containing a Plate
Count agar (PCA) that aspired a volume of 180 I/min for
200 seconds. In particular, a sampling was performed in
the ““at rest” operating theatre and one hour after surgery
commencement in the “in use” operating theatre.

All samples were taken immediately to the laboratory.
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The contact slides were incubated at a temperature of
37°C for 24-72 h and the PCA plates for the measurement
of air bacteria were incubated at 37°C for 48h. Samples
from the operating theatres were considered positive
according to the parameters suggested by the ISPESL
“guidelines on standards of security and occupational
health in the operating department” [20]. Samples from
wards and healthcare workers’ hands were considered
positive according to the manufacturer’s instructions of
the contact slides (> 14 colonies on slide corresponding
to 117 CFU/100 cm?). From the samples resulted posi-
tive, sub-cultures on various agar culture media were
set up: mannitol salt agar (Oxoid) for the isolation of
Staphylococcus spp, MacConkey agar (bioMérieux) for
the Gram-negative, Enterococcosel agar (bioMérieux)
for Enterococcus spp and Sabouraud agar (bioMérieux)
for yeast and mould. The isolated microorganisms were
then identified by manual (API Identification System,
bioMérieux) and automatic (VITEK, bioMérieux) bio-
chemical methods.

Results

During the five years in question a total of 9396 micro-
biological samples from a wide range of surfaces (bed
bars and header, bedside table, taps, handles for wards;
surgical carts, lights and tables in surgical theatres) were
collected and analysed. Below we analyse the results
concerning microbiological contamination expressed in
percentage of positivity by area, for single microorgan-
ism and, for the latter, for each individual year.

WARDS

Of a total of 4398 microbiological samples carried out,
positivity for wards was 4.7%, 9.4%, 7.0%, 10.8% and
7.9% from 2010 to 2014 respectively.

By evaluating the positivity for each individual organ-
ism isolated, a greater presence of Staphylococcus spp
and, specifically, mostly for Staphylococcus aureus was
shown (Fig. 1).

The evaluation of the slides carried out on ward surfaces
highlighted the presence of microorganisms in 35.4%
of cases (1557/4398) on all samples; analysing them
for years, there has been a constant presence albeit in
a different proportion of enterobacteriaceae, yeasts and
moulds and coagulase-negative Staphylococci (CoNS),
a substantial increase for Staphylococcus aureus, and
less marked, with fluctuating values, for Pseudomonas
and Enterococcus faecalis (Tab. I).

Comparing the trend over time for each individual oper-
ating unit (OU) considered, a decrease of positivity only
for intensive care (ICU) and the neonatal intensive care
unit (NICU) was observed (Fig. 2).

HEALTHCARE WORKERS’ HANDS

Microbiological tests on the hands of 648 healthcare
workers present in wards were carried out, of which
40.74% (264/648) tested positive. The results obtained
highlight a decrease in the percentage of positivity equal
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Fig. 1. Percentage of microorganisms by type in the 5 years in the wards.
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Tab. 1. Positive microorganisms per year in hospitalization.

Pseudomonas . Enterococcus
S.aureus |CONS Moulds/yeasts sop Enterobacteria faccalis
2010 27.4% 23.2% 15.8% 9.5% 5.3% 18.9%
2011 33.3% 6.7% 6.7% 10% 6.7% 36.7%
2012 32.6% 28.5% 13.0% 8.3% 5.2% 12.4%
2013 32.2% 31.7% 9.4% 8.3% 3.9% 14.4%
2014 47.3% 8.3% 10.7% 9.5% 41% 201%

Fig. 2. Temporal trend in the five years of positivity for operating units.
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Fig. 3. Percentage of microorganisms by type in the period on the hands of health care workers.
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t0 9.5%, 8.0%, 5.5%, 6.9% and 5.1% from 2010 to 2014
respectively.

On the total sampling conducted from 2010 to 2014, per-
forming a single microorganism evaluation it was also
found, as for the wards, a higher positivity in contami-
nation by Staphylococcus spp, although in this case the
majority are coagulase-negative staphylococci (Fig. 3).
Comparing the isolated microorganisms per year there is
always a growing trend for microbiological contamina-
tion of hands by Staphylococcus aureus, a decrease for
coagulase-negative staphylococci, yeasts, and moulds;
an up and down trend for Enterococcus faecalis, an ini-
tial increase (2011 and 2012) with an overall reduction
from 2013 for Pseudomonas while Enterobacteriaceae
already appear absent since 2011 (Tab. II).

OPERATING THEATRES

The microbiological assessment carried out on operating
theatre surfaces has shown the presence of microorgan-
isms in 11.9% of cases (498/4188) of the total number
of samples taken in the five-year period, equal to 4188.

The percentage of total microbial positivity has been
decreasing steadily over the years, going from 2.8% to

2.5%, 2.3%, 2.3% and 1.9% respectively from 2010 to
2014.

A higher positivity for Staphylococcus spp was noted
(Fig. 4).

If we observe the trend by year for an isolated microor-
ganism, as done previously for wards, there is a definite
correspondence as regards the behaviour of Staphylo-
coccus aureus; in fact, in both cases, there is a substan-
tial increase of positivity percentages. A different behav-
iour of CONS, yeasts, moulds, and Pseudomonas is also
observed in operating theatres; as regards enterobacteria
there is a net improvement with absence of contamina-
tion in the year 2014 (Tab. III).

Evaluating the trend over time, for the operating theatres
taken into account, a decrease of positivity in a majority
of theatres was found, except for one surgical complex
(maxillofacial surgery, plastic surgery and orthopaedics)
(Fig. 5).

AIR

Air samples were taken for each operating empty
“at rest” and full “in use” theatre for a total, over five
years, of 1962 samples with a positivity rate of 31.9%
(627/1962).

Tab. II. Positive microorganisms per year on the hands of healthcare workers.

S.aureus |CONS | Moulds/yeasts SP;S”d°m°”as Enterobacteria fanggl‘i’scoccus
2010 31% 2% 1% 0% 3% 14%
2011 18% 2% 9% 3% 0% 27%
2012 38% 44% 13% 6% 0% 0%
2013 50% 7% 0% 0% 0% 33%
2014 86% 14% 0% 0% 0% 0%
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Fig. 4. Percentage of microorganisms by type in the five years in operating rooms.
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Tab. lll. Positivity of microorganisms per year in the operating rooms.

Pseudomonas . Enterococcus
S.aureus |CoNS Moulds/yeasts spp Enterobacteria faecalis
2010 26.3% 31.6% 15.8% 18.4% 2.6% 5.3%
2011 44.4% 0.0% 33.3% 0.0% 0.0% 22.2%
2012 48.3% 16.7% 15.0% 11.7% 3.3% 5.0%
2013 50.0% 15.5% 13.8% 12.1% 3.4% 5.2%
2014 65.5% 13.8% 0.0% 3.4% 0.0% 17.2%
Fig. 5. Time course in the five years of positive operating rooms.
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In 2010, empty theatre compliance was 64.0%, while
when full it was 80.0%. In 2011, there was an increase in
empty theatre compliance of 69.0%, while in full thea-
tres the samples showed a compliance of 85.0%. There
has been, on the other hand, a decrease in air compliance
in operating theatres in the following three years: in par-
ticular, in 2012, 59.3% of empty theatres and 79.0% of
the theatres in use were compliant. In 2013, however,
57.7% of empty theatres and 58.2% of theatres in use
were compliant. In 2014 empty theatre compliance was
58.2% and full theatre 41.8%.

Discussions and conclusions

This work has highlighted the presence of pathogens that
are potential cause of nosocomial infections on the sur-
faces we assessed with a percentage of positivity varying
between 1.9% to 10.8%.

For inpatient care contamination levels increased pro-
gressively over the five years, especially for some of
the surgical sites: in Plastic Surgery, positivity increased
from 31.0% to 75.0%, in Neurosurgery from 18.0% to
49.0%, in Pediatric Surgery from 14.0% to 40.0%. In-
stead, in the Department of Internal Medicine, positiv-
ity remained high although with mixed values (50.0%
in 2010-2011, an 82.0% spike in 2012-2013 biennium
and 65.0% in 2014). There are various risk factors that
are evident. The first to consider is that wards are often
overcrowded with a high turn-over of both hospitalized
patients and visitors, and this promotes the continuous
re-contamination of the environments [21]. Another de-
termining element is lesser attention to the sanitation
of hospital stays compared to other areas. Indeed, we
found a decrease of contamination in intensive care units
where the sanitization procedures are more frequent and
effective, probably because of the special attention given
to these departments where patients are hospitalized in
critical conditions and where the influx of visitors is reg-
ulated. In all departments, however, the most common
microorganism is S. aureus, known agent of nosocomial
infections.

As for the hands, finally, the monitoring has highlighted
a low rate of contamination with a progressive decrease
in the five-year period. This could be the result of greater
awareness and attention in the cleaning and disinfection
of the hands of healthcare workers, thanks also to the
audit campaigns carried out by us constantly, and the
presence of hydro-alcoholic gel dispensers in the vari-
ous departments.

A good result was also obtained for the surfaces of op-
erating theatres where, in five years, there has been a
decrease of positivity.

The same does not apply, however, to the air, because
contamination has increased in “at rest” operating thea-
tres, especially in the last three years (2012-2014) and
increased significantly in the “in use” ones in the 2013-
2014 biennium. This result may be due to various factors
that coexist with each other such as poor adherence by
healthcare workers to ministerial recommendations [22].
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We did in fact observe an inconstant application of these
rules, which provide for the closing of doors throughout
the duration of surgery, using the lowest possible num-
ber of operators in attendance, and proper surgical attire.
Another key element to consider is the correct operation
and powering of the ventilation system (VCCC) with
proper maintenance of the operating theatre filters.
During the final study period we, regularly, conducted
audits and educational meetings to inform the healthcare
workers about the importance of adopting correct behav-
iours to the aim of avoiding microbiological contamina-
tion of hospital environment and so the transmission to
patients of nosocomial pathogens potentially cause of
nosocomial infections.

The strength of our research is to show the importance
of a constant environmental microbiological monitoring
that appears as one of the main tools for reducing envi-
ronmental microbial load as a whole, through the evalua-
tion and assessment of the following parameters: proper
operation of VCCC systems and effectiveness of sani-
tation procedures put into place. Indeed, as a result of
our control, many important policies were adopted in the
hospital, especially the increased control and cleaning of
air filters in the operating rooms, the greater attention to
the sanitation of the hospital surfaces and the increased
number of sanitizer dispenser for hands in hospital.
However, microbiological monitoring alone is not suf-
ficient to improve the fight to the nosocomial infections.
It is, also, necessary conducting periodic informative
meetings to healthcare workers, ensuring correct appli-
cation of the rules of conduct to be adopted by health-
care staff, performing periodic audits to regulate the in-
flux of visitors and informing them to follow a few sim-
ple hygienic-health rules is also necessary, in order to
decrease environmental recontamination in the hospital.
Moreover, it would be desirable improve the cleaning of
the hospital environment combining the classic cleaning
methods with those recent such as ultraviolet devices,
hydrogen peroxide systems, self-disinfecting surfaces
and use of an innovative sanitization procedure using
probiotic bacteria based on the principle of biological
competition [23-25].
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