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Abstract: Hospital-acquired infections are
one of the leading causes of mortality, and
their source can be the environment itself.
Proper monitoring of cleaning quality in
ICUs has been used in specific situations. In
Brazil, hospitals are committed to reporting
cases of infection and microbial resistance,
yet validations of environments have been
recommended. In order to evaluate the
luminometer, five surfaces in the ICU of a
public hospital in Sao Paulo were monitored
using RODAC” plates as a standard. Spearman
correlation and ROC curve analyses were used
for statistical analysis; however, these analyses
did not show significance. Nonetheless,
using the A NOVA methodology, they were
validated with significance < 0.001. From
this study, we conclude that some surfaces
are more susceptible to dirt accumulation,
requiring greater control over the frequency
and methodology of cleaning, and that the
methodology used for this monitoring can
be one of the methods utilized or the use of
both when possible, resulting in continuous
improvement.

Keywords: Microbiology; Hospital Infection;
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INTRODUCTION

Hospital-acquired infections are a leading
cause of mortality worldwide and in many
times have the environment as a source,
since it can be considered a reservoir of
microorganisms, especially in healthcare
settings, contributing to potential infection
risks (1-4). The hygiene maintenance
services within healthcare institutions,
have, as a consequence, structured cleaning
protocols based on the scientific literature.
Nevertheless, practical execution often falls
short, primarily due to labor issues and
various factors contributing to process failure
(5). Adequate monitoring of cleaning quality
is imperative, and has been utterly important
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under very specific situations, for instance,
hospital outbreaks and in intensive care units
(hereafter, ICUs).

The commitment of multidisciplinary
teams to record and validate cleaning methods
and techniques, along with environmental
control, is necessary to prevent cross-
infections. These actions have been evidenced
and adopted by several hospitals during and
after the COVID-19 pandemic to strengthen
patient safety. They are even more important
under ICUs conditions, given the poor
condition of many patients and the risk to
their lives. However, many of the methods
lack standardized values to guide teams
during score validation (6-9), something
that not only impairs the development of safe
measures and scientific knowledge but also
might be evasive allowing infections to spread
out.

In Brazil, hospitals are obliged to report
cases of infection and microbial resistance
to the National Health Surveillance Agency
(Agéncia Nacional de Vigilancia Sanitdria,
ANVISA) (10) On the other hand, the
validation of hospital environments is only
recommended but not enforced (3,11,12).
Moreover, some regulations such as those
provided by ANVISA (2003) and CONAMA
(2018) address environmental control.
Still, they do not adequately normalize the
process of monitoring hospital environmental
cleanliness, leaving gaps, especially in
interpreting results obtained from existing
tests.

Methodologies for controlling environmental
hygiene, have already been established and
used in the food and pharmaceutical industries
for a longer period, were implemented in the
Brazilian healthcare sector in recent years with
the same objective Two of the most common
tests used are luminescence detectors and
contact plates, which are cultured in clinical
laboratories after collection (13-18). Under
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this context, here, we provide the first-of-
its-kind assessment of fluorescence detector
and the application of surface collection
plates in Brazil, in order to evaluate possible
relationships between the two methods,
aiming for the luminometer to prove to be a
suitable instrument for routine control in ICUs
of a public hospital in Sao Paulo megalopolis.

METHODOLOGY

SAMPLING PROTOCOL

A total of 180 surface samples from the
adult and pediatric ICUs of a public hospital
were collected during the period of three
months (JUL-JAN/2024). The evaluated
surfaces included countertops, windows,
doorknobs, equipment towers, and bed arms
in randomly selected areas, with 36 samples
collected for each surface type. No sample was
collected more than once in the same place.

MICROBIAL EVALUATION
METHODS

The first method used was the RODAC
plate, considered the gold standard in this
evaluation, as its capacity allows for the
growth of viable microorganisms, which are
quantified in Colony Forming Units (hereafter,
CFU/m’). Collection was carried out by
pressing the agar surface in the collection
area, and then the plates were incubated at 37
°C for 24 hours in a bacteriological incubator
(3). For this method, a total of 180 plates were
analyzed.

The second method used was bioluminescence
evaluation by a luminometer, which aims to
detect organic residues, including adenosine
triphosphate (ATP), used as an indicator
of biological residues. A swab was used to
collect the surface sample, then placed in the
equipment to measure the relative light unit
(RLU). The sample was exposed to a chemical
agent, and the light-producing substrate
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was activated by ATP, where the amount
of emitted light is directly proportional to
the amount of ATP present in the collected
material. This amount of light is recorded as
RLU. This methodology does not differentiate
microorganisms from other organic cells, and
the result is given in real-time (11,19).

STATISTICAL ANALYSIS

Since the assumptions of normality
(Shapiro-Wilk’s test) and homoscedasticity
(Levene’s test) were not satisfied, data on
CFUs/m’ were log-transformed. To compare
differences in the CFUs/m’bylocal of sampling
(e.g., countertops, windows, doorknobs,
equipment towers, and bed arms), we used
Analysis of Variance (i.e., ANOVA), followed
by Tukey’s HSD post-hoc test. These analyses
were performed with a significance level of a
= 0.05, using Statistica v. 14.0.0.15 (20).

RESULTS

Both methodologies indicated that the
highest indices of infection (i.e., microbial
load/burden) were found in the equipment
tower area, highlighting the need to monitor
this location when focusing on surface
hygiene (Fig. 1 and 2). Either by RODAC ©
(F 415 = 8.44; P < 0.001) or ATP© F =
6.26; P =0.0001) the tower showed the highest
CFUs number, respectively. The countertop,
on the other hand, showed different data in
the studied methodologies, making it difficult
to choose the best method for monitoring its
cleanliness (Fig. 1 and 2).

DISCUSSION

This study focused on evaluating only two
types of methodologies, bioluminescence
(ATP) and RODAC, as they are recognized
and commonly used for validation in
healthcare facilities (11,21) B, C e D.

The discrepancy in results between samples
collected from the countertop and the tower
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can be attributed to various external factors,
for example, equipment composition, given
that both the countertop and the tower are
predominantly composed of metal. This fact
can facilitate the circulation of microbial
particles, thus allowing their removal during
routine cleaning and the fixation of particles
where surface sanitation is not carried out
because they are not touched, such as the
object’s indentations. (22)

Thus, some surfaces are more prone to
dirt adhesion, requiring greater control
over cleaning frequency and methodology.
Our study suggests that at least one of these
surfaces is the tower of equipment, which is
similar to the research performed by (23,24).

The proper selection of cleaning methods
and sanitizers aid in the maintenance of
high-hygiene levels in hospital facilities.
Standardizing these systems impact product
consumption and the risks of physical,
chemical, ergonomic, and biological hazards,
consequently affecting absenteeism rates, as
well as their monitoring (3,17).

The methodologies employed in this study
were suitable and can be used for ICU cleaning
control. However, it is important to note that
RODAC results are not immediate and cannot
be used for real-time cleanliness assessment,
only for report composition. After the growth
of CFU/m’, microorganisms can be identified
and correlated with cross-infections (3,25).
The bioluminescence method yielded similar
results to RODAC' plates. With this finding,
we concluded that the technique could be
recommended as an indicator of hygiene
condition, informing whether organic matter
is present on the analyzed surface, but it cannot
determine microbiological concentration. Its
advantage lies in providing immediate and real-
time results, allowing for immediate cleaning
correction. This method can be safely used
only for bio-decontamination control, assisting
quality improvement programs (17).
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CONCLUSION

Just as cases of healthcare-associated
infections (HAIs) are monitored by the
epidemiological surveillance centers of
each state, microbiological monitoring
of critical areas in healthcare facilities is
necessary as a preventive action for hospital
infection control. Methodologies used for
environmental control, such as those used
in this study, can be successful provided that
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Sample Bed arm Countertop Tower Doorknob Window

number | RODAC® | ATP | RODAC® | ATP | RODAC® | ATP | RODAC® | ATP | RODAC® | ATP
1 0 27 0 2 0 14 0 16 0 4
2 0 64 0 0 0 10 0 7 0 56
3 0 4 0 2 12 0 0 0 79
4 0 10 0 10 3 55 0 5 0 12
5 0 13 0 7 3 43 0 7 1 58
6 1 12 1 3 111 0 4 1 8
7 1 14 1 3 24 0 18 2 18
8 1 21 2 4 7 0 16 3 39
9 1 27 3 14 5 45 0 68 5 119
10 2 6 3 0 5 60 1 63 5 7
11 2 5 37 6 22 1 23 5 22
12 2 52 6 2 6 0 1 0 5 107
13 3 21 8 51 7 182 2 2 5 4
14 3 105 9 11 9 14 2 11 6 4
15 3 22 10 3 10 10 2 12 6 37
16 3 54 10 17 12 38 2 16 7 46
17 3 11 15 98 15 20 2 12 7 199
18 4 22 16 10 23 37 2 74 8 89
19 5 46 18 22 25 365 3 2 9 18
20 5 34 18 18 30 10 3 23 10 73
21 6 5 18 6 30 30 3 50 11 24
22 6 41 18 10 38 1311 4 79 12 78
23 6 41 20 3 40 339 4 46 13 102
24 7 8 23 5 42 22 6 7 15 4
25 8 195 25 2 45 37 6 94 15 13
26 9 5 27 48 46 6 127 16 96
27 10 87 28 102 53 120 7 6 16 182
28 10 171 28 182 53 51 7 16 28 73
29 10 37 36 120 60 128 7 12 30 17
30 12 0 40 40 68 200 12 118 30 10
31 15 39 42 11 75 93 15 209 30 98
32 17 142 56 42 94 600 15 43 31 180
33 20 2375 56 108 120 6 15 17 35 10
34 30 9 65 48 230 329 25 45 37 95
35 41 32 150 9 280 91 30 29 83 178
36 180 52 230 18 300 244 38 17 220 52

Table 1 - Colony Forming Units (CFU/m3) of the 180 surface samples using RODAC® plates and
bioluminescence (ATP) in the ICU of a Public Hospital in Sdo Paulo, Brazil.
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Figure 1 - Number of colony forming units (Log-transformed CFUs/m?) collected in different surface
samples using RODAC in the ICUs of a public hospital in Sdo Paulo, Brazil.
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Figure 2 - Number of colony forming units (Log-transformed CFUs/m’) collected in different surface
samples using SURE bioluminescence (ATP) in the ICUs of a public hospital in Sdo Paulo, Brazil.




