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Background. Contaminated hospital surfaces play a key role 
in the transmission of healthcare-associated infections (HAIs), 
particularly those caused by antimicrobial-resistant pathogens. 
Despite routine cleaning and disinfection, high-touch surfaces 
may remain reservoirs for multidrug-resistant organisms, includ-
ing biofilm-forming Staphylococcus aureus.
Methods. An environmental surveillance study was conducted in 
a single-bed room of an Internal Medicine ward in a hospital in 
Northern Italy. High-touch surfaces in the near-patient area and 
room furniture were sampled twice daily over one week, before 
and after routine cleaning/disinfection with chlorine-based agents 
(0.1-0.5% Cl). Cleaning effectiveness was evaluated using aerobic 
colony count (ACC) and detection of S. aureus as indicators of envi-
ronmental hygiene, applying accepted microbiological benchmarks 
(ACC < 5 CFU/cm²; S. aureus < 1 CFU/cm²). S. aureus isolates 
were characterized by PFGE, spa typing, antimicrobial susceptibil-
ity testing, and biofilm production assays.

Results. Mean ACC decreased significantly after cleaning/dis-
infection (10.06 ± 15.67 vs 2.89 ± 5.52 CFU/cm²; p < 0.001), 
with a substantial reduction in non-compliant samples. How-
ever, residual contamination persisted on high-touch surfaces. 
S. aureus was detected in 12/238 samples, including post-clean-
ing samples from the near-patient area. Molecular analysis 
identified four distinct strains; notably, a spa type t032 (MLST 
ST22) isolate−methicillin-resistant, multidrug-resistant, and a 
strong biofilm producer−persisted on the bedside table handle 
both before and after cleaning.
Conclusion. Routine cleaning and disinfection significantly 
reduce environmental bioburden but may not reliably eliminate 
biofilm-forming multidrug-resistant S. aureus from critical hand-
contact surfaces. These findings highlight the need for continuous 
microbiological surveillance and targeted IPC interventions to 
address environmental reservoirs of antimicrobial resistance in 
healthcare settings.
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Summary

Introduction

Healthcare-associated infections (HAIs) represent one 
of the major challenges in healthcare settings.
In the most recent report on hospital-acquired healthcare-
associated infections (HAIs), referring to the period 
2022-2023, the European Centre for Disease Prevention 
and Control (ECDC) estimated that approximately 4.3 
million cases of HAIs occurred across the European 
Union and European Economic Area (EU/EEA), 
corresponding to a prevalence rate of 7.1% [1].
These infections cause significant patient morbidity 
and can prolong hospital stays, leading to substantial 
additional costs beyond those associated with the 
patient’s primary condition [2, 3].
Furthermore, bacteria such as methicillin-resistant 
Staphylococcus aureus (MRSA), vancomycin-
resistant Enterococcus (VRE), carbapenem-resistant 
Enterobacteriaceae, and Clostridioides difficile are 
increasingly resistant to antibiotics, making infection 
prevention even more crucial today [4-6].

The hospital environment has been shown to serve 
as a reservoir for microorganisms responsible for 
infections [7-10]. It is also well-documented how easily 
pathogens can be transferred from colonized and/or 
infected patients to surfaces within the patient’s room 
and from these surfaces to the hands of healthcare 
workers  [11]. Nosocomial pathogens can persist on 
surfaces in hospital environments – such as patient rooms 
– for days, months, or even years, increasing the risk 
of transmission to susceptible individuals  [12]. MRSA 
strains have been detected on 1-27% of sampled surfaces 
in patient rooms, with this figure rising to 64% in burn 
units and in the presence of MRSA-positive patients.
MRSA strains can remain viable for over 14 days 
on furniture surfaces and over 6-9 weeks on cotton 
fabrics. Additionally, it has been shown that pathogens, 
including some S. aureus strains, are able to form 
biofilms on surfaces. This enables them to proliferate, 
exchange antibiotic resistance genes with other bacteria, 
and persist for extended periods within the protective 
biofilm matrix.
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In addition to hand hygiene, surface cleaning/
disinfection are critical to reducing the transmission of 
pathogenic microorganisms and the risk of nosocomial 
infections [13, 14].
CDC guidelines for routine and terminal cleaning of 
hospital rooms emphasize the importance of disinfecting 
so-called “high-touch surfaces”, those more likely to 
harbor and transmit microbial pathogens  [15]. While 
conventional hospital environments such as restrooms, 
shared surfaces, and sinks are subject to frequent cleaning, 
high-touch surfaces are often inadequately cleaned despite 
their well-recognized role in cross-contamination [16-20].
The CDC recommends disinfecting high-touch surfaces 
in patient rooms at least once a day, while the cleaning of 
low-touch surfaces should follow hospital schedules and 
depend on the visibility of dirt  [15]. Available studies 
suggest that daily disinfection of high-touch surfaces 
with detergents and/or disinfectants significantly 
reduces environmental contamination and the incidence 
of healthcare-associated infections [21]. This risk-based 
approach is essential to determine the frequency and 
method of cleaning across all patient care areas, thereby 
reducing the risk of infection transmission [22, 23].
Today, there are alternatives to traditional microbiology, 
such as ATP bioluminescence testing, which, although 
not a substitute for microbiological culture methods, is 
a useful tool for assessing cleaning effectiveness [24].
With regard to microbiological techniques for evaluating 
cleaning/disinfection efficacy, the scientific literature 
has proposed two complementary indicators: “the 
identification of an indicator organism of potential 
high-risk to patients in any amount, and second, the 
quantitative assessment of organisms found within 
a specified area, regardless of identity”  [25]. So, in 
this study, S. aureus (<1 CFU/cm²) was selected as a 
marker of potential high risk to patients and second, 
the quantitative assessment of microbial load on hand-
contact sites, regardless of the identity of the isolates, 
using the aerobic colony count (ACC). In this case, 
ACC <5 CFU/cm² is considered acceptable, whereas the 
finding of ≥5 CFU/cm² may indicate an increased risk of 
infection in that environment [25, 26].
As part of a surveillance activity assessing the 
implementation of Infection Prevention and Control 
(IPC) measures in a hospital in Northern Italy, a study 
was conducted to evaluate the effectiveness of cleaning/
disinfection procedures targeting high-touch surfaces in 
an internal medicine ward. The evaluation was based on 
both the ACC and the detection of S. aureus.
A further objective, in case of S. aureus detection, was to 
assess the presence of clinically and epidemiologically 
relevant strains and to characterize them through 
biomolecular analyses.

Methods

Setting
The study was conducted in a single-bed inpatient 
room in the Internal Medicine department of a hospital 

in Northern Italy. During the study period, the room 
consecutively hosted alert, oriented, and ambulatory 
patients.
Sampling was carried out in a single-bed inpatient room; 
the patients were not found to be colonized by S. aureus 
in order to avoid confounding variables in the assessment 
of surface colonization.
During the sampling period, both healthcare personnel 
and cleaning staff were informed of the assessment 
being conducted.

Environmental disinfection
In the examined facility, after cleaning, daily 
environmental disinfection was performed on all 
room surfaces using chlorine-based disinfectants 
(0.1‑0.5%  Cl) and color-coded microfiber cloths, 
according to contamination levels and surface type.
Outsourced personnel were responsible for performing 
cleaning and disinfection activities. Daily disinfection 
was performed twice a day. Extraordinary cleaning 
was carried out immediately in the event of accidental 
contamination with biological fluids or other hazardous 
materials. Terminal cleaning was performed upon 
patient discharge or transfer. Each cloth was replaced 
after the disinfection of each patient unit and was not 
reused across different patient units.
The disinfectant was left on the surface for the recommended 
contact time of 5 minutes before drying or reuse.

Surface Sampling and Microbiological 
Analysis
High-touch surfaces were identified within the patient 
area, including furniture in the room, selected from 
those listed in the CDC checklist [27].
For the patient area, surfaces sampled in the vicinity 
of the patient included the bedside table, call button, 
headboard, footboard, and bed rails. Furniture surfaces 
sampled in the room included the table and chair. The 
surface of the bedside table was covered with non-
porous plastic material, while the various components of 
the bed (footboard, headboard, and side rails) were made 
of metal and partially covered with non-porous plastic 
material, the same applied to the furniture. All surfaces 
were undamaged.
Sampling was performed twice a day, before and after 
sanitization, over the course of one week.
Where surface type permitted, a 10×10 cm area was 
sampled using a delimiting template; for irregular 
surfaces, the available area was sampled, preferably 
approximating 100 cm², and the sampled dimensions 
were recorded accordingly. Microbial concentration was 
expressed as CFU/cm².
Sampling was performed using swabs with internal 
shafts, rayon tips, and 10 mL of isotonic saline solution 
containing neutralizing agents to inactivate disinfectants 
and sanitizing agents.

Microbiological Analysis
Samples were immediately transported to the laboratory 
and processed to determine the ACC at 37°C and the 
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presence of S. aureus as an indicator of human-derived 
contamination.
Prior to inoculation, swabs were vortexed for 
approximately 1 minute to facilitate the detachment of 
microorganisms from the swab surface.

Determination of ACC at 37°C
To determine the aerobic colony count at 37°C, 1 mL of 
the solution contained in the swab vial was inoculated 
onto Nutrient Agar plates (ISO 6579, Liofilchem, Italy).
The inoculum was spread over the plate using a sterile 
L-shaped rod to allow uniform distribution and facilitate 
colony counting after incubation.
Plates were incubated at 37°C for 48 hours. The final 
concentration in CFU/cm² was calculated considering 
both the inoculated volume and the sampled surface area.

Determination of Staphylococcus aureus

To detect S. aureus, duplicate 1 mL aliquots of the swab 
solution were plated onto blood agar and incubated at 
37°C for 48 hours.
Suspected colonies grown on blood agar were subcultured 
onto selective Mannitol Salt Agar and subsequently 
identified using MALDI-TOF (Biomerieux, Marcy-
l’Étoile, France).
The final concentration in CFU/cm² was calculated by 
considering the inoculated volume and the sampled 
surface area.
Two standard microbiological thresholds were used to 
assess cleaning effectiveness, as proposed by Dancer: 
<5 CFU/cm² regardless of species, and < 1 CFU/cm² for 
S. aureus [26].

Molecular Analysis via PFGE – Staphylococcus 
aureus

PFGE analysis of S. aureus was performed following the 
protocol described in “Pulsed-Field Gel Electrophoresis 
of Staphylococcus aureus” by Golding et al. [28]. 
Images were captured using a Gel Doc XR and analyzed 
using Image Lab Software and GelJ 2.2 software.

Molecular Analysis via spa Typing – 
Staphylococcus aureus

The procedure involved the preparation of pure S. aureus 
cultures on TSA (Trypticase Soy Agar II with 5% sheep 
blood), incubated for 16-18 h at 37°C.
Bacterial DNA was extracted by lysing cells with 
lysostaphin using the QIAGEN QIAamp DNA Mini Kit.
DNA amplification was performed following the 
protocol described by Shopsin et al [29] and by Harmsen 
et al [30].
After purification of the amplified using the High Pure 
Product Purification Kit (ROCHE), the next step involved 
sequencing (Sanger – GATC Eurofins Genomics).
The analysis of the DNA sequence electropherograms, 
conducted using the FincTV Software, and the 
comparison with sequence repeats available in the 
RIDOM Spa server database (http://spaserver.ridom.
de/) allowed the identification of the SPA Typing 

corresponding to each profile previously determined by 
PFGE technique.
Using the RIDOM Spa server database, it was also 
possible to assign a correspondence between the 
identified SPA Typing profiles and an MLST profile.

Evaluation of antibiotic resistance 
of Staphylococcus aureus

The identified colonies were tested for antibiotic 
resistance using the VITEK 2 Compact system 
(Biomerieux), with a library updated according to the 
most recent EUCAST breakpoint criteria.

Evaluation of biofilm formation
S. aureus isolates (PFGE profiles A, B, C, D) were 
cultured using a protocol designed to induce biofilm 
production in biofilm-forming strains, following the 
method described by Cramton [31].
Briefly, the isolates were first grown on blood agar plates 
for 24 hours. Subsequently, 1-2 colonies from each strain 
were inoculated into 2 mL of Tryptic Soy Broth (TSB) 
and incubated overnight at 37°C.
After incubation, the bacterial suspension was adjusted 
to a 1.0 McFarland standard, and after diluted 1:100 in 
TSB supplemented with 0.5% glucose.
The diluted bacterial suspension was then inoculated 
into sterile 96-well microtiter plates and incubated at 
37°C for 24 hours, together with the negative control, in 
this case the control wells contained sterile broth.
Following incubation, the contents of each well were 
removed, and the plates were washed with Phosphate-
Buffered Saline (PBS, pH 7.3). The wells were stained 
with 1% crystal violet, rinsed with water, air-dried, and 
the stained biofilm was then solubilized with 20% ethanol 
to detect the biofilm adhered to the bottom of the wells.
Each experiment was performed in independent 
replicates for each isolate to ensure the reliability and 
representativeness of the experimental data.
Biofilm density was classified according to the scheme 
of Stepanovic et al [32]. The cut-off value (ODc) for each 
microtiter plate was defined as three standard deviations 
above the mean OD of the negative control. Isolates 
were then classified into four categories based on ODc 
and average OD of the strain: strong biofilm producer 
(4ODc ≤OD); moderate biofilm producer (2ODc ≤OD 
≤4ODc); weak biofilm producer (ODc ≤OD ≤2ODc); 
and non-biofilm producer (OD ≤ODc). For the biofilm 
formation assay, four wells per strain were used, and 
each test was repeated three times.
Biofilm growth was evaluated by measuring the optical 
density (OD) at 570 nm (EPOH, EPOCH Agilent 
BioTek, Santa Clara CA, USA)

Statistical analysis
Statistical analysis was carried out using STATA SE 19™ 
(StataCorp, College Station, TX, USA). Results were 
analysed in terms of descriptive statistics, expressed as 
means ± standard deviations for continuous variables, and 
as frequencies (percentages) for categorical variables.
To evaluate the effect of the intervention on contamination 
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rates, a 2×2 contingency table was constructed, and 
Fisher’s exact test was used due to the small sample size, 
while comparisons between pre- and post-intervention 
groups were performed using the Wilcoxon signed-rank 
test for paired samples. A p-value < 0.05 was considered 
statistically significant.

Results

Aerobic colony count (ACC)
The mean values of ACC detected on all sampled surfaces 
before (phase 1) and after the cleaning/disinfection 
procedure (phase 2) were 10.06 ± 15.67 CFU/cm² 
and 2.89 ± 5.52 CFU/cm², respectively, showing a 
statistically significant reduction (p < 0.001).
An analysis of the ACC was then carried out based on 
the different areas in the two phases (1 and 2).
It was found that the ACC in the near patient area and 
furniture decreased from 10.41 ± 13.53 CFU/cm² and 
10.86 ± 21.04 CFU/cm² (phase 1) to 2.88 ± 6.50 CFU/
cm² and 1.96 ± 4.22 CFU/cm² (phase 2), respectively.
The difference in the mean ACC values across areas 
(near patient, furniture) between phases 1 and 2 was 
always statistically significant (p < 0.001).
However, considering the wide range of ACC values 
observed for each area, the percentage of non-compliant 
samples results (≥ 5 CFU/cm²) before and after cleaning/
disinfection was also evaluated.
The results showed how the cleaning/disinfection 
procedure reduced the percentage of non-compliant 
results samples (CFU ≥ 5 CFU/cm²), dropping from 
51.65% to 12.09%, 39.29% to 3.57%, for the near patient 
area and furniture respectively.
The reduction in non-compliance results was statistically 
significant both for all sampled surfaces and when 
grouped by area (p < 0.01).
Nevertheless, results showed that cleaning/disinfection 
never completely eliminated non-compliance results.

Staphylococcus aureus

A total of 12/238 samples tested positive for S. aureus 

(>1 CFU/cm²), of which 9 were detected in phase 1 
(corresponding to 7.56% of the samples) and 3 in phase 2 
(corresponding to 2.52% of the samples).
Cleaning/disinfection eliminated the microorganism 
from all surfaces except those in the patient area.

Biomolecular Analysis Results 
of Staphylococcus aureus Strains

A. Molecular Typing by PFGE

PFGE analysis identified a total of four different banding 
patterns. Figure 1 shows the PFGE similarity analysis 
for the samples examined.
Based on the profiles highlighted by the PFGE analysis, 
the samples were classified as follows:
•	 Samples 1, 2, 3, 5, 6, 7 and sample 11 were assigned 

to profile A;
•	 Samples 8, 9, and 10 were assigned to profile B;
•	 Sample 4 was assigned to profile C;
•	 Sample 12 was assigned to profile D.

B. Molecular genotyping by SPA typing 

For the four S. aureus profiles (A, B, C, and D) identified 
by PFGE, a further molecular genotyping analysis was 
performed using the SPA typing technique [29, 30].
The analysis of the DNA sequence electropherograms, 
conducted using FinchTV Software and comparison 
with the repeat sequences available in the RIDOM Spa 
server database (http://spaserver.ridom.de/), allowed 
determination of the SPA type for each profile previously 
identified by PFGE.
Using the RIDOM Spa server database, it was also 
possible to assign three of the identified SPA typing 
profiles to corresponding MLST profiles.
Table I reports, for each PFGE profile, the corresponding 
ST profile (Spa Typing with the DNA repeat code 
sequence) and, when available, the corresponding 
MLST profile.

Antibiotic Resistance Assessment
Table II reports the antibiograms of the S. aureus isolates, 

Fig. 1. PFGE similarity analysis for the samples analyzed.
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indicating the susceptibility levels (sensitive, resistant, 
or intermediate) to the different antibiotics tested.
The analyses showed that strain D is sensitive to all 
tested antibiotics and intermediate to Levofloxacin; 
strain A is resistant to Benzylpenicillin and intermediate 
to Levofloxacin; strain C exhibits resistance to 
Benzylpenicillin and Clindamycin and is intermediate to 
Levofloxacin.
Strain B, on the other hand, shows resistance to seven 
antibiotics, including methicillin.

Biofilm production

Biofilm growth assays revealed different mean 
absorbance values for each isolate, indicative of varying 
biofilm-forming capacities (Fig. 2).
Based on the tests performed, it emerged that the 
S. aureus isolates belonging to strains A, B, and C are 
strong biofilm producers; notably, strain B exhibited 
a biofilm production capacity more than twice that of 
strains A and C. Conversely, strain D was classified as a 
moderate biofilm producer.
Isolates belonging to strain B were identified in the near 
patient area, specifically on the bedside table handle, 
both before and after cleaning/disinfection.
Colonies of strains A, C and D were isolated only on 
furniture surfaces prior to cleaning/disinfection.

Discussion

Many studies have demonstrated the ease with which 
pathogens can be transferred from colonized and/or 
infected patients to surfaces within the patient’s room 
and/or from surfaces to healthcare workers’ hands.
Continuous evaluation and monitoring of cleaning/
disinfection interventions to reduce the risk of 
transmission of environmental pathogens through 
defined procedures have been key elements of infection 
prevention and control practices in acute care hospitals 
for years [33].
The results of the present study showed that although 

Tab. I. PFGE profile, ST profile (Spa Typing with DNA repeat code sequence), and MLST profile (when available) of Staphylococcus aureus isolates.

PFGE Profile SPA Typing Repeat Sequence SPA-Typing ST MLST
A 26-23-17-34-17-20-17-12-17-16 t002 ST5; ST231
B 26-23-23-13-23-31-29-17-31-29-17-25-17-25-16-28 t032 ST22
C 04-20-12-17-17 t1312 -
D 26-23-17-34-17-20-17-12-17-16 t002 ST5; ST231

Tab. II. Evaluation of the antibiotic susceptibility profile of Staphylococcus aureus strains.

Antibiotics A b c D
Linezolid S S S S
Daptomycin S S S S
Teicoplanin S S S S
Vancomycin S S S S
Levofloxacin I R I I
Polymyxin S S S S
Tetracycline S S S S
Tigecycline S S S S
Gentamicin S S S S
Fusidic acid S S S S
Rifampicin S S S S
Trimethoprim / sulfamethoxazole S S S S
Erythromycin S R S S
Clindamycin S R R S
Cefoxitin S R S S
Benzylpenicillin R R R S
Oxacillin S R S S
Methicillin S R S S

S: Sensitive; I: Intermediate; R: Resistant.

Fig. 2. Strains A, B, C, D and biofilms.
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cleaning/disinfection procedures are effective in 
reducing microbial contamination, they do not always 
fully restore acceptable conditions, both regarding 
ACC and S. aureus, only partially reducing the 
risk of pathogen cross-transmission. In this study, 
microbiological identification was limited to S. aureus, 
as it is considered by the scientific literature to be a valid 
indicator of infection risk [25, 26]. Secondly, the study 
was conducted when there were no active infectious 
outbreaks or evidence of an increase in the prevalence 
of HAI that would require the research to be extended 
to other microorganisms. Moreover, this last assessment 
would have required the expenditure of economic 
resources, time, and personnel.
Regarding S. aureus, the results highlighted the 
persistence of a strain characterized as SPA Typing t032 
MLST ST22, resistant to five classes of antibiotics, 
including methicillin. This strain, found in the near 
patient area (bedside table handle), proved to be a strong 
biofilm producer, more so than the other three strains, a 
characteristic that likely allowed it to survive the action 
of sanitizing agents.
Since no swabs were performed on the patients who 
occupied the beds, it was not possible to verify their 
colonization status or hypothesize the source of the 
strains found on the surfaces.
Spa Type t032 is widely distributed in Europe and is 
considered prevalent alongside two other spa types, t002 
(also identified in this study) and t008. The scientific 
literature describes it as exclusively associated with 
MRSA and tightly linked to ST22. ST22, also known 
as the EMRSA-15 strain, is a widely spread, highly 
virulent clone in Europe and is significantly associated 
with hospital-acquired infections. It is also known for 
its rapid dissemination in healthcare environments [34].
In a study conducted in Portugal, ST22 accounted for 72% 
of nosocomial isolates and was able to replace previously 
circulating STs such as ST239 and ST247 [35].
According to Soliman et al. [36], ST22 possesses factors 
such as cna, sdrE, hlg, and ica, which confer colonization 
and virulence capabilities in hospital settings.
The spa type t002 ST5, belonging to clonal complex 
CC5, is historically associated with multidrug-resistant 
nosocomial strains, particularly in Asian countries and 
North America, although in our case the isolates were 
sensitive to several antibiotics (except for resistance 
to benzylpenicillin and intermediate sensitivity to 
levofloxacin).
It frequently harbors adhesion factors such as fnbA, cna, 
sdrE, hlg, and ica, which are associated with adhesive 
capacity, biofilm formation, and nosocomial virulence. 
The ST5 allelic profile is very similar to that of 
ST231, also belonging to CC5. Both share a common 
evolutionary ancestry: ST231 is likely derived from ST5 
via mutation or recombination in the yqiL gene  [37]. 
They also display phenotypic similarities, as ST231 
strains tend to resemble ST5 strains, particularly in 
their antibiotic resistance profiles, as evidenced by the 
findings of our study.
The persistence of MRSA (ST22) and the nonconformities 

in ACC detected in phase 2 underline the importance 
of microbiological monitoring of surfaces to promptly 
identify any risk conditions.
In hospitals, the presence of pathogenic microorganisms 
on surfaces is in itself a significant non-compliance, since 
even minimal quantities can pose a risk in conditions 
favorable to transmission.
For this reason, the results called into question the execution 
modalities of the cleaning/disinfection procedures. 
Therefore, after communicating microbiological results 
both to the ward and the hospital Infection Control 
Committee, a comprehensive improvement process was 
initiated through audits with cleaning staff, emphasizing 
the need to increase adherence to cleaning/disinfection 
techniques and, for all healthcare personnel, hand hygiene.
One aspect that must be taken into account with regard 
to hospital sanitation is that many hospitals (such as the 
one where the study was conducted) rely on outsourced 
companies, which often represent a significant 
operational constraint in terms of the possibility of 
changing the frequency, methods, and protocols of 
disinfection.
At the end of the improvement process, subsequent 
checks showed no nonconformities.
According to Dancer  [26] the monitoring of microbial 
bioburdens on surfaces, compared to less expensive 
and faster methods such as ATP testing and other 
screening tools, should, be implemented as an integral 
part of environmental control protocols. While these 
conventional techniques may offer useful support for 
general assessments, they cannot replace more accurate 
quantitative and specific methods for the detection 
and identification of pathogenic microorganisms. For 
this reason, direct microbiological monitoring remains 
essential, particularly as a downstream component of a 
standardized control system that should consistently be 
in place. 
Beyond confirming the efficacy of cleaning/disinfection, 
the collection of environmental surveillance data over 
time would allow predictive modeling in relation to 
healthcare-associated infection (HAI) rates and even 
enable forecasting of cross-infection episodes and 
epidemic outbreaks [26].

Conclusion

Improving the effectiveness of environmental 
disinfection in healthcare facilities must rely on a 
comprehensive strategy involving training and education 
of cleaning/disinfection and healthcare personnel, as 
well as implementation of verification systems to ensure 
the adequacy of disinfection.
A further development of this research could be 
the evaluation of timing and dynamics of surface 
contamination in patient wards to better define protocols 
for more effective cleaning/disinfection in reducing 
cross-infection.
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