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Abstract

Background: The Biological Isolation and Containment Unit (BICU) is a subunit of the Teaching Hospital of the
Faculty of Veterinary Medicine of the University of Lisbon, Portugal, for the admission of animals with confirmed
infectious diseases or under clinical suspicion and waiting for a diagnosis. As a high-risk environment for the
transmission of infectious agents, it is extremely important to implement programs for the surveillance of
nosocomial microorganisms in these facilities. The purpose of this study was to evaluate the level of bacterial
contamination of the BICU environmental surfaces and to implement corrective actions on disinfection protocols.
Swab samples were collected from selected environmental surfaces in 3 different areas of the BICU (isolation, work,
and preparatory rooms) to evaluate the total aerobic bacterial load and investigate the presence of 4 nosocomial
microorganisms: vancomycin-resistant Enterococcus spp., methicillin-resistant Staphylococcus aureus, 3rd-generation
cephalosporin-resistant Escherichia coli, and carbapenem-resistant Pseudomonas aeruginosa. Bacterial quantification
was performed by using non-selective media, while specific selective media were used for the isolation of the
target microorganisms. Isolates were identified based on their macro and microscopic characteristics and their
biochemical profile. Subsequently, new disinfection protocols were implemented, and their effectiveness evaluated.

Results: The surfaces with the highest bacterial load in the isolation, preparatory, and worker’s rooms were the
cages, hand-held sponge, and telephone, respectively. Regarding the 4 pathogens investigated, Enterococcus spp.
were the most frequently isolated (11.3%), followed by E. coli (1.5%) and P. aeruginosa (1.5%). One of the P.
aeruginosa isolates obtained was resistant to imipenem. In the end, new disinfection protocols were implemented,
which proved to be effective in reducing bacterial counts by 99.99% in cages and the sponge, and by 90 to 99%
on the telephone.
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Conclusions: This study allows to conclude that the cages and the human contact surfaces were the most
contaminated in the isolation rooms. Nevertheless, the new disinfection strategies seemed to be effective in
reducing environmental contamination, including by some potentially nosocomial agents, although more samples
must be analyzed for definitive conclusions. These results may contribute to highlight the importance of infection
prevention and control measures, as fundamental tools to reduce the spread of infectious agents in the hospital
environment.
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Background
Each year, nosocomial infections (NI) are responsible for
thousands of human deaths worldwide and have an esti-
mated economic burden of billions of dollars in the USA
alone [1]. These infections are acquired during
hospitalization and have been associated with prolonged
hospital stays, invasive medical procedures (e.g. surger-
ies, urinary catheterization, intubation), previous anti-
biotic treatments, and immunosuppression [2]. For those
reasons, they are an inherent risk in medical practice,
being currently a major concern worldwide mainly due
to the frequent involvement of multidrug-resistant
(MDR) bacteria [3].
In veterinary medicine, there are limited data concern-

ing this problem, but reports of NI outbreaks in veterin-
ary facilities are increasing [4–7], with one study
revealing that 82% of the participating hospitals reported
at least one NI outbreak in the previous 5 years [4].
These infections can be acquired from endogenous

sources, being caused by opportunistic microorganisms
already present in the individual himself, or from exogenous
sources, being disseminated by other individuals or even the
hospital environment [8]. The role played by hospital con-
taminated surfaces was once thought to be negligible in the
transmission of such infections [9]; however, nowadays it is
known that environmental surfaces are a reservoir of several
microorganisms that can easily contaminate the hands and
equipment of healthcare workers, which, in turn, can work
as vehicles for the transmission of these pathogens to pa-
tients [10, 11]. Thereby, the implementation of an active
surveillance system in healthcare facilities is highly recom-
mended [12]. With the appropriate control measures, it is
possible to prevent (or minimize) the direct exposure of
healthcare workers to multiple biological hazards, as well as
the indirect exposure of patients and even clients through
contact with contaminated medical equipment or hospital
surfaces [8]. In this context, isolation units are crucial to
allow the immediate transference of high-risk infectious pa-
tients to these high-security facilities, thus limiting the circu-
lation of potentially infectious agents in other hospital areas
[8, 13].
Little is known about microbiological control in isolation

units, especially in veterinary hospitals. However, several au-
thors have demonstrated that hospital contamination with

nosocomial agents is also a main concern in veterinary
facilities [14–19]. Considering that the Biological Isolation
and Containment Unit (BICU) is responsible for the
hospitalization of patients colonized or infected with MDR
bacteria, the main priorities of this study were to identify the
environmental surfaces with the highest bacterial load, to
recognize the presence of potential nosocomial agents and to
implement appropriate corrective actions on current disinfec-
tion protocols.

Results
Bacterial identification-
From the 204 environmental samples tested, it was pos-
sible to obtain 29 isolates presumptively identified as be-
longing to 3 of the 4 target bacterial species (Table 1). It
was not possible to isolate Staphylococcus aureus from
any of the sampled surfaces.
Enterococcus spp. were isolated from approximately

11% (23/204) of the samples, having been recovered
from all surfaces in the isolation rooms (Table 1); how-
ever, no relation was found between the presence of
these bacteria and the different sampled surfaces (p =
0.963). All of these isolates (23/23) were susceptible to
vancomycin, according to the Clinical and Laboratory
Standards Institute (CLSI) guidelines [20].
Escherichia coli were identified in approximately 1.5%

(3/204) of the samples. These isolates were recovered
from the cages, the hand-held sponge, and the food/
water bowls, although without associated statistical sig-
nificance (p = 0.131). According to the susceptibility
ranges established by the CLSI [20], all these isolates (3/
3) were susceptible to the tested antibiotics and proven
to be non ESBL-producing bacteria.
It was possible to isolate Pseudomonas aeruginosa

from approximately 1.5% (3/204) of the samples, includ-
ing from the faucets, the hand-held sponge, and the
food/water bowls (Table 1). Once again, no statistically
significant association was found between the presence
of these bacterial species and the sampled surfaces (p =
0.081). Isolates susceptibility to imipenem was evaluated
and, according to the ranges established by the CLSI
[20], two were shown to be susceptible to this antimicro-
bial and one was resistant.
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Table 1 Distribution of isolated bacteria by the BICU sampled surfaces

Surface sampled Enterococcus spp. E. coli P. aeruginosa

Doorknob (n = 24) 2 (8.3%) 0 0

Faucets (n = 24) 3 (12.5%) 0 1 (4.2%)

Cabinets (n = 24) 3 (12.5%) 0 0

Cabinet handles 3a (n = 24) 5 (20.8%) 0 0

Cabinet handles 2b (n = 24) 4 (16.6%) 0 0

Examination tables (n = 24) 1 (4.2%) 0 0

Cages (n = 24) 4 (16.6%) 2 (8.3%) 0

Telephone (n = 6) 0 0 0

Keyboard (n = 6) 0 0 0

Mouse (n = 6) 0 0 0

Bowls (n = 6) 0 0 1 (16.6%)

Countertop (n = 6) 0 0 0

Hand-held sponge (n = 6) 1 (16.6%) 1 (16.6%) 1 (16.6%)

TOTAL (n = 204) 23 (11.3%) 3 (1.5%) 3 (1.5%)
a Pool of the first 3 cabinet handles
b Pool of the last 2 cabinet handles

Table 2 Bacterial quantifications (CFU/ml of swab suspension) obtained from the different surfaces and rooms sampled

Rooms Surfaces Mean SD Median Min. Max. p-value

CFU/mL of swab suspension

ISOLATION ROOMS

C1a 9.51 × 102 8.16 2.25 × 102 0 8.15 × 103 0.073

C2a 4.56 × 102 13.61 1.50 × 102 0 3.00 × 103

D1b 2.60 × 103 14.03 4.25 × 102 0 5.75 × 104

D2b 2.46 × 103 22.14 1.00 × 103 0 7.53 × 104

Examination tables 2.90 × 102 33.04 3.04 × 102 0 5.76 × 103 0.019+

Cabinets 4.42 × 102 6.09 1.75 × 102 0 1.55 × 103

Cabinets handles 2c 4.73 × 102 9.83 1.75 × 102 0 3.25 × 103

Cabinets handles 3d 5.29 × 102 17,73 2.00 × 102 0 3.25 × 103

Doorknobs 9.85 × 102 16.68 7.33 × 102 0 1.55 × 103

Faucets 1.25 × 103 3.81 4.00 × 102 5.00 × 101 8.15 × 103

Cages 4.74 × 103 16.73 1.10 × 103 0 7.53 × 104

STAFF AREA

Work room 3.96 × 103 2.18 2.93 × 103 1.00 × 102 1.11 × 104

Mouse 2,14 × 103 3.15 1,33 × 103 1.00 × 102 7.00 × 103 0.048+

Keyboard 3.41 × 103 1.19 2,60 × 103 1.05 × 103 6.95 × 103

Telephone 6.33 × 103 0.87 5,88 × 103 2.00 × 103 1.11 × 104

Preparatory room 6.98 × 105 1.44 × 102 3.60 × 104 5.00 × 101 1.00 × 109

Food/Water bowls 9.86 × 103 13.48 1.50 × 103 5.00 × 101 3.25 × 104 < 0.01+

Countertop 1.18 × 105 7.37 3.19 × 104 1.50 × 103 5.55 × 105

Hand-held sponge 2.09 × 107 5.42 2.84 × 107 9.45 × 106 1.00 × 109

a Cat isolation room
b Dog isolation room
c Pool of the last 2 cabinet handles
d Pool of the first 3 cabinet handles
+ Statistically significant differences detected between groups
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Bacterial quantification
Bacterial quantification and isolation of specific bacterial
species were performed on all samples. As such, 204 en-
vironmental samples were analyzed to evaluate the bac-
terial load on the BICU surfaces. In the isolation rooms,
the cage surfaces were the most contaminated, with a
mean bacterial quantification of 4.74 × 103 ± 16.73 CFU/
ml of swab suspension. In contrast, the examination ta-
bles revealed to be the surfaces with the lowest bacterial
counts, presenting a mean of 2.90 × 102 ± 33.04 CFU/ml
of swab suspension. There was a statistically significant
difference between the mean bacterial quantifications
obtained for the different sampled surfaces from those
rooms (p = 0.019). A higher bacterial quantification was
observed in the dog isolation rooms when compared to
the cat isolation rooms. However, this difference was not
statistically significant (p = 0.073) (Table 2).
In the staff’s area, the analysis of variance revealed a

statistically significant difference between the mean bac-
terial counts obtained on the different sampled surfaces,
both in the work room (p = 0.048) and in the prepara-
tory room (p < 0.01). In the work room, the most con-
taminated surface was the telephone, presenting a mean
of 6.33 × 103 ± 0.87 CFU/ml of swab suspension. In the

preparatory room, it was the hand-held sponge, with a
mean bacterial quantification of 2.09 × 107 ± 5.42 CFU/
ml of swab suspension. The comparison between the dif-
ferent rooms (work and preparatory rooms) also re-
vealed a statistically significant difference (p < 0.01), with
the preparatory being the most contaminated location
(Table 2).
The new disinfection methods were applied to all sur-

faces and rooms of the isolation unit. However, only the
surfaces previously identified as the most contaminated
were selected for further analysis, namely the cages, the
telephone, and the hand-held sponge from the isolation,
work, and preparatory rooms, respectively.
After the implementation of the new disinfection

protocols, bacterial load of the cage’s surfaces pre-
sented a log reduction of 3.68 log10; in the hand-held
sponge, a logarithmic reduction of 7.32 log10 was ob-
served; and the telephone surface presented a loga-
rithmic reduction in its bacterial load of 1.41 log10
(Fig. 1). Statistical analysis using ANOVA test with
repeated measures showed that the difference between
the bacterial counts obtained before and after imple-
mentation of the new protocol on each surface was
statistically significant (p-value < 0.05).

Fig. 1 Logarithmic reduction of the bacterial quantification before and after the implementation of new disinfection protocols
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Discussion
Hospital surfaces and medical equipment play an im-
portant role as reservoirs of nosocomial agents, allowing
their dissemination [21]. For that reason, one of the
main aims of this prospective study was to identify
which potentially pathogenic microorganisms were
present at BICU. Some bacterial species associated with
nosocomial infections were isolated from selected sur-
faces, namely Enterococcus spp., E. coli, and P. aerugi-
nosa. S. aureus was not recovered from any of the
samples taken, even from human contact surfaces, where
their presence would be expected. The prevalence of S.
aureus, including methicillin-resistant S. aureus (MRSA)
in veterinary hospital settings was already described by
several authors [15, 17, 18, 22, 23]; Nevertheless, numer-
ous factors may justify the different prevalence’s found
between studies, including the present one, such as dif-
ferences in study designs and methodology applied; the
type of animal species admitted to the hospital; and the
presence of colonized and/or infected patients or staff
(which is the main reason associated with environmental
contamination by this microorganism) [22]. The fact
that different clinics/hospitals have different cleaning
and disinfecting protocols is also relevant, as these dif-
ferences may have a considerable impact in terms of en-
vironmental contamination [24].
Of the four microorganisms surveyed in this study, En-

terococcus spp. were the most frequently recovered.
With a prevalence of 11.3%, these bacterial agents were
isolated from all surfaces sampled in the isolation rooms,
having been mostly associated with cabinet handles and
cages. Although preliminary and without statistical sig-
nificance, these results are still relevant. Firstly, Entero-
coccus spp., being part of the animal’s intestinal
microbiota, are usually eliminated through feces [25, 26].
Since the cages are constantly contaminated with animal
excretions, the presence of these isolates in such areas is
not surprising, as already described [19]. On another
hand, its recovery from human contact surfaces should
not have occurred. Due to the scope and design of this
study, it was not possible to determine the source of
these isolates, nor to determine whether there is an asso-
ciation between them. However, the fact that these bac-
teria were recovered from all surfaces of the isolation
rooms, including those of exclusively human contact,
suggests that clinician’s hands/gloves act as vehicles for
a wide microbes dissemination, as already been reported
by several authors [10, 27–29]. At BICU all employees
who enter the isolation rooms must be properly
equipped with personal protective equipment (PPE) and
must comply with all established standard operating pro-
cedures (SOP). Thus, in this case, the use of protective
barriers, such as gloves, may sometimes offer a false
sense of protection to users, as advocated by other

studies [30, 31], suggesting that their simple use is not
enough to prevent the spread of microorganisms within
the facilities.
E. coli was isolated from cages and the hand-held

sponge, which was expected due to the frequent fecal con-
tamination of these surfaces. However, the prevalence of
this bacteria in BICU was relatively low (1.5%), compared
to other studies [14, 32], revealing that the disinfection
protocols established in BICU were effective at eliminating
environmental contamination by Enterobacteriaceae.
In this work, the presence of P. aeruginosa was de-

tected in 1.5% of the samples analyzed. The three posi-
tive isolates were obtained from swab samples taken
from the feeding bowls and the hand-held sponge, lo-
cated in the preparatory zone, and from a faucet located
in an isolation room. This bacterial agent is known for
colonizing water systems in hospitals [33–39], having
been associated with the contamination of medical
equipment and the hands of healthcare workers during
washing procedures [34–37, 39]. Even so, although posi-
tive surfaces from this study are all associated with a
water source, the possibility of occasional contamination
from a patient colonized/infected by this bacterial agent
cannot be ruled out, since no statistical relevance was
found between its presence and the sampled surfaces.
Out of the three positive isolates, the one recovered
from the food/water bowls was resistant to imipenem.
Being the carbapenems a class of antibiotics reserved for
treating complicated infections caused by MDR bacteria,
makes the emergence of resistance to these molecules of
great concern (DGS 2017b). In this context, it would be
interesting to carry out new laboratory tests on this iso-
late to confirm its resistance profile and evaluate its
eventual carbapenemase enzyme production.
The frequent isolation of the same type of microorgan-

isms from different hospital surfaces can be associated
with two main situations: their constant reintroduction
in these environments or failures in the cleaning and
disinfection protocols applied, allowing the maintenance
and survival of these agents for long periods in the en-
vironment [40, 41]. To conclude whether these surfaces
are in fact reservoirs of the bacterial agents identified, it
would be necessary to evaluate a larger sample size.
Regarding bacterial quantification, the present study

showed that, in the BICU, it was the staff’s area that re-
vealed the highest levels of contamination, when com-
pared to the isolation rooms. Although, to the authors’
knowledge, there are no other similar studies carried out
in isolation units in the veterinary context, results can be
explained by the fact that contact precautions and clean-
ing and disinfection protocols are most thoroughly per-
formed at isolation rooms, since these are where
infectious patients are hospitalized. Also, these con-
trolled environments operate in a negative pressure
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system and with individualized HEPA air filters. Strict
SOP are applied, including the mandatory use of PPE for
anyone entering these rooms, and the disinfection of all
surfaces which contacted, directly or indirectly, with pa-
tients is also obligatory [42].
Regarding the isolation rooms, the cages were the sur-

faces that showed a higher bacterial quantification. This
result was expected since these large surfaces present
the highest levels of dirt and contamination with all
types of animal secretions, which represents a greater
challenge in terms of cleaning and disinfection. In other
studies carried out in veterinary hospitals, cages have
also been identified as one of the most contaminated
[17, 43].
At BICU, when a patient is examined, all surfaces and

equipment used must be thoroughly cleaned and disin-
fected afterward. Therefore, the examination tables and
the top of the cabinets, used for medical equipment stor-
age, are the surfaces that are most frequently disinfected
throughout the day. This fact may explain our results
since these two surfaces had the lowest mean bacterial
counts. On another end, the faucets, and handles, espe-
cially the doorknobs, presented significant bacterial
counts. These surfaces are manipulated exclusively by
humans and are considered by several authors as im-
portant reservoirs of various infectious agents in veterin-
ary hospital environments [15, 18, 22, 40].
The preparatory room had the highest bacterial counts

of all the analyzed rooms, possibly because it is a transi-
tion area between the isolation rooms and the rest of the
facilities. This is where the dishes and other materials
coming from the isolation rooms are washed and disin-
fected and where food preparation for patients is carried
out; and, therefore, where the levels of organic matter
and humidity are higher. In this room, the hand-held
sponge was the most contaminated surface. This is an
expected result given the porous nature of the object,
which allows for easy retention of water and organic
matter, thus gathering the ideal conditions for bacteria
multiplication [44].
Of the 3 selected surfaces analyzed in the work room,

the telephone had the highest bacterial quantification.
This object had already been signalized by other studies
as commonly contaminated by nosocomial agents [45].
Nevertheless, both the computer mouse and the key-
board also revealed considerable bacterial counts, prob-
ably because these devices are frequently used by several
people throughout the day. Additionally, their cleaning
and disinfection process is hampered by their very ir-
regular and intricate structure [46, 47].
There are multiple possibilities regarding the approach

to infection prevention and control programs in a hos-
pital environment, with each institution being respon-
sible for choosing and implementing measures that best

adapt to its needs. Equally important is the development
and mobilization of efforts to monitor the effectiveness
of the actions taken, to enable the easy and quick
optimization of established protocols (if so indicated),
guaranteeing the best safety conditions for all who visit
the facilities [13]. Despite the increasing relevance of
nosocomial infections, the ideal cleaning and disinfecting
method for controlling these infectious agents is still not
known. Several authors have evaluated the effectiveness
of different procedures and products in reducing the
bacteria load of different hospital surfaces, having ob-
tained, in general, very positive results [43, 45, 48–53].
Interestingly, although several protocols proved to be
quite effective, in practice most institutions continue to
reveal difficulties in this area, suggesting that probably
other factors, such as the correct compliance to the
planned measures, have a strong impact on the final re-
sults [29, 30, 48, 54].
With the implementation of the bacteriological control

plan performed in this study, it was possible to identify
flaws in the disinfection protocols previously applied in
the BICU, namely the fact that a much higher disinfect-
ant dilution was used compared to the product manufac-
turer’s recommendations. Those recommendations must
always be followed to ensure the product’s optimal effi-
cacy. As so, the concentration of the biocide was in-
creased as recommended, and in addition, new time
points were included in the environmental surfaces
cleaning and disinfection daily schedule. These new dis-
infection strategies have been applied to all surfaces and
rooms of the isolation unit, however, only the surfaces
previously identified as the most contaminated were se-
lected for further bacteriological analysis. Positive results
were obtained, and statistically significant logarithmic
reductions of 3.68 log10, 7.32 log10, and 1.41 log10 were
observed for the cages, hand-held sponge, and telephone,
respectively. Percentage wise, the total bacterial load re-
duction was approximately 100% for the cages and the
hand-held sponge (99.9%) and 90 to 99% for the tele-
phone. As such, this preliminary evaluation showed that
the new disinfection strategies implemented at BICU
seemed to be effective in reducing environmental con-
tamination, including by some potentially nosocomial
agents, although a wider sample size must be analyzed
for definitive conclusions.

Conclusions
This study showed that in BICU isolation rooms, cages
and human contact surfaces had the highest bacterial
contamination. Outside these rooms, the preparatory
zone was the one that showed the most worrying results,
in terms of total aerobic bacterial load and detection of a
P. aeruginosa isolate resistant to imipenem in the feed-
ing bowls. However, no other bacteria signaled in this
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environmental surveillance program were found, namely
MRSA, VRE, and 3rd-generation cephalosporin-resistant
E. coli. Results led to the immediate implementation of
new disinfection protocols that reduced the total bacter-
ial load and eliminated the target bacterial species from
the analyzed surfaces.
With this study, it is possible to observe that bacterio-

logical surveillance programs in hospital environments
appear to be useful tools for monitoring surface contam-
ination levels and, eventually, identifying potential
sources of infection and/or breaches in the established
disinfection protocols. In this way, it is possible to easily
and quickly implement corrective actions that may be
fundamental to preventing future infections. Even so,
the levels of bacterial contamination at BICU were con-
sistently lower than those observed in other studies car-
ried out in several departments of veterinary hospitals,
other than isolation. These results, although preliminary,
may contribute to highlight the importance of infection
prevention and control measures, as fundamental for re-
ducing the spread of infectious agents in the hospital en-
vironment and, consequently, for increasing the quality
and safety of the service provided. Continuous develop-
ment of scientific research on this subject is urgent, es-
pecially in veterinary medicine, where the available data
on nosocomial infections are still very scarce.

Methods
Description of the isolation unit
The Teaching Hospital (TH) of the Faculty of Veterinary
Medicine of the University of Lisbon (FMV-ULisbon) in-
cludes an isolation unit for the hospitalization of dogs and
cats with confirmation (or clinical suspicion awaiting diag-
nosis) of infectious diseases [42]. The Biological Isolation
and Containment Unit (BICU) is located in a separate
building from the rest of the TH, and, in these facilities,
each isolation room works with negative differential pres-
sure, HEPA air filters, video surveillance system, and spe-
cific SOP. These include contact precautions, such as the
use of PPE, promotion of hand hygiene, and application of
rigorous disinfection protocols of medical equipment and
environmental surfaces [42].
The BICU comprises four isolation rooms, two for dogs

and two for cats, all with the same type of equipment and
layout; a work room with a computer for internet access
and patient clinical records; a preparatory area for washing
and disinfecting materials coming from the isolation
rooms, and with access to the unit’s storeroom; and an
anteroom used for the entry and exit of animals from the
facilities and follow-up and/or reference appointments.

Sampling procedures
For this study, swab samples were collected from several
surfaces in different areas of the BICU (isolation, work,

and preparatory rooms) in a total of 426 environmental
samples (204 for bacterial identification, 204 for bacterial
quantification, and 18 for evaluating the effectiveness of
the new disinfecting protocol) (Table 3). Surfaces were
selected for sampling after a careful observation of the
procedures performed at the different areas of BICU for
a week, allowing to select the ones more exposed to bac-
teria contamination and cross-dissemination.
Sampling days were chosen randomly, with at least

two-week intervals, in a total of 6 sampling days per
room for tasks 1 and 2 (bacterial quantification and
identification) and of 3 sampling days per room for task
3 (evaluation of the new disinfecting protocols). Both
sampling days and hours were scheduled randomly in
order to create unpredictability and thus eliminate po-
tential bias.
Samples were collected using disposable cotton-tip

swabs soaked in a sterile saline solution (NaCl 0.9%). For
larger surfaces, such as the cabinets, examination tables,
cages, and countertop, an area of 10x10cm was delimited
with the aid of a sterile tool. Swabs were placed in 1 ml
of sterile saline solution and taken immediately for

Table 3 Description of the surfaces sampled in different areas
of the BICU for microbiological analysis

Sampling areas Surfaces Number of samples (n=)

ISOLATION ROOMS

C1a 87

C2a 87

D1b 87

D2b 87

Doorknobs 48

Faucets 48

Cabinets 48

Cabinet handles c 96

Examination tables 48

Cages 60

STAFF AREA

Work room 39

Keyboard 12

Mouse 12

Telephone 15

Preparatory 39

Food/water bowls d 12

Countertop 12

Hand-held sponge 15
a Cat isolation room
b Dog isolation room
c Divided into two separate samples, one representing a pool of the first three
handles and other a pool of the last two
d Samples taken as a pool of 3 bowls
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bacteriological analysis at the Laboratory of Microbiol-
ogy and Immunology of FMV-ULisbon.

Determination of the bacterial load of selected surfaces
For determining the bacterial load of selected surfaces, a
total of 204 samples were analyzed. Swab sample sus-
pensions in saline solution were homogenized and serial
diluted from 10− 1 to 10− 3, apart from those originating
from the hand-held sponge. This object is used to re-
move the organic matter and other debris from the
food/water bowls before its disinfection process. As so,
due to the expected high bacterial load, those suspen-
sions were diluted up to 10− 7. From each dilution, in-
cluding the original suspension, 100 μL were inoculated
on a nonspecific enrichment culture medium, Brain
Heart Infusion agar (BHI – Oxoid® ref. CM1136) and in-
cubated at 37 °C for 48 h. Bacterial quantification was
performed by determining the colony-forming units per
milliliter of swab suspension (CFU/ml swab suspension)
at 24 h and 48 h.

Isolation of bacterial species associated with nosocomial
infections
A total of 204 BICU surface samples were analyzed for
the presence of nosocomial species. Swab sample sus-
pensions in saline solution were homogenized and serial
diluted from 10− 1 to 10− 2, apart from those originating
from the hand-held sponge which were diluted up to
10− 6. Next, 100 μL from each suspension, including the
original suspension and the dilutions, were inoculated
on Slanetz & Bartley agar (S&B - Scharlau® ref.01–579-
500), MacConkey agar (MCK- Oxoid® ref.CM0115) and
Mannitol Salt agar (MSA- Scharlau® ref.01–116-500) and
incubated at 37 °C for 48 h. After incubation, the col-
onies with macroscopic characteristics compatible with
the target species were quantified and inoculated on
Columbia agar medium (COS - Biomérieux® ref. 43,041–
Blood Agar culture media + 5% sheep blood) to be fur-
ther characterized. Isolates that originated yellow col-
onies on MSA, characterized as Gram-positive cocci,
catalase-positive, mannitol fermenters, and coagulase-
positive were presumptively identified as S. aureus. Pink
colonies on S&B agar, characterized as Gram-positive
cocci, catalase-negative, and with aesculin hydrolysis on
Edward’s agar were presumptively identified as Entero-
coccus spp. Large pale lactose negative colonies on MCK
agar, characterized as Gram-negative bacilli and oxidase-
positive were presumptively identified as P. aeruginosa.
Finally, pink lactose positive colonies on MCK agar,
characterized as Gram-negative bacilli, oxidase-negative,
and indole and motility positive, Voges-Proskauer and
citrate negative on IMViC test, were presumptively iden-
tified as E. coli.

The susceptibility profile of the isolates presumptively
identified as belonging to the target species to selected
antimicrobials was characterized using the Kirby-Bauer
disc diffusion method, following Clinical and Laboratory
Standards Institute protocols [20]. Thus, enterococci
susceptibility to vancomycin (30 μg) and P. aeruginosa
isolates susceptibility to imipenem (10 μg) were deter-
mined, while the phenotypic production of ESBL by the
E. coli isolates was evaluated using cefotaxime (30 μg),
amoxicillin + clavulanic acid (20/10 μg), and ceftazidime
(30 μg). All antibiotic disks were purchased from Oxoid®.

Implementation of new surface disinfection protocols
BICU surface disinfection protocols were optimized and
their application to the surfaces with higher bacterial
counts (one from each sampling area of the BICU – iso-
lation, work, and preparatory rooms) was evaluated.
Before this study, surface disinfection was performed

by using a very diluted (unknown) concentration of the
disinfectant Virkon®S applied to all surfaces after direct
or indirect contact with patients. The new disinfection
protocols considered 2 key points: an increase in the fre-
quency of surface disinfection procedures, carried out
every morning before the daily work routine started, and
after every usage or contact with patients; and an in-
crease in the concentration and frequency of preparation
of the disinfectant used on the facilities (Virkon® S). The
disinfectant solution was made every week at a dilution
of 1:100 since according to the manufacturer’s recom-
mendations a 1% solution is expected to have an effect-
ive biocidal action during 5–7 days [55].
After the implementation of the new protocols, only

the most contaminated surface of each room was se-
lected to be reevaluated, namely the cages, hand-held
sponge, and the telephone; even so, every surface and
room of the BICU has undergone changes in their disin-
fecting protocols. At this stage, samples were taken ac-
cording to the same protocol as previously described.
Samples were taken 15 days apart, making a total of 3
sampling days per room.

Data analysis
Statistical analysis was performed using the IBM SPSS®
Statistics 26 program.
For statistical purposes, microbial quantifications were

converted to base 10 logarithms, using the formula log10
(CFU/mL + 1), allowing to include all null quantifica-
tions in the analysis.
The analysis of variance of the bacterial load of se-

lected surfaces was performed using one-way ANOVA,
while the variance between results from the different
disinfection protocols was evaluated using ANOVA with
repeated measures. Fisher’s exact test was performed to
evaluate the association between the presence of the
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different microorganisms identified and the environmen-
tal surfaces. Statistical significance was determined at
the cut-off value of 0,05 (p < 0,05).

Abbreviations
NI: Nosocomial Infections; TH: Teaching Hospital; FMV-ULisbon: Faculty of
Veterinary Medicine of University of Lisbon; BICU: Biological and Isolation
Containment Unit; SOP: Standard Operating Procedures; PPE: Personal
Protective Equipment; HEPA: High Efficiency Particulate Air; MDR: Multidrug-
resistant; CLSI: Clinical & Laboratory Standards Institute; BHI: Brain Heart
Infusion; MSA: Mannitol Salt Agar; S&B: Slanetz & Bartley; MCK: MacConkey;
MRSA: Methicillin-resistant S. aureus; VRE: Vancomycin- resistant Enterococcus;
ESBL: Extended-spectrum beta-lactamase; CFU: Colony Forming Units

Acknowledgements
The authors want to thank to FCT and the CIISA - Centre for Interdisciplinary
Research in Animal Health, Faculty of Veterinary Medicine, University of
Lisbon, Portugal, for supporting this work.

Authors’ contributions
CV performed the experiments and analyzed the data. CC helped to perform
the experiments. LT, VA, and IM contributed to the analysis and
interpretation of data. SG and MO conceived the study and participated in
its coordination, helped to draft the manuscript, and supervised throughout.
All authors read and approved the final manuscript.

Funding
This work was supported by FCT - Fundação para a Ciência e Tecnologia IP,
grant UIDB/00276/2020, CIISA - Centre for Interdisciplinary Research in
Animal Health, Faculty of Veterinary Medicine, University of Lisbon, Portugal.
The funding bodies had no role in the design of the study or collection,
analysis, and interpretation of data or in writing the manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not Applicable.

Consent for publication
Not Applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Faculty of Veterinary Medicine, University of Lisbon, Av. Universidade
Técnica, 1300-477 Lisbon, Portugal. 2CIISA - Centre for Interdisciplinary
Research in Animal Health, Faculty of Veterinary Medicine, University of
Lisbon, Av. Universidade Técnica, 1300-477 Lisbon, Portugal. 3Veterinary
Teaching Hospital, Faculty of Veterinary Medicine, University of Lisbon, Av.
Universidade Técnica, 1300-477 Lisbon, Portugal.

Received: 30 March 2021 Accepted: 15 June 2021

References
1. Scott RD. The direct medical costs of healthcare-associated infection in U.S.

hospitals and the benefits of prevention. Division of Healthcare Quality
Promotion, Centers for Disease Control and Prevention: Atlanta; 2009.

2. [WHO] World Health Organization. Healthcare-associated infections. Fact
Sheet. 2011 [cited 2019 Apr 10]. Available from: http://www.who.int/gpsc/
country_work/gpsc_ccisc_fact_sheet_en.pdf

3. Stull JW, Weese JS. Hospital-associated infections in small animal practice.
Vet Clin North Am Small Anim Pract. 2015;45(2):217–33.

4. Benedict KM, Morley PS, Van Metre DC. Characteristics of biosecurity and
infection control programs at veterinary teaching hospitals. J Am Vet Med
Assoc. 2008;233(5):767–73.

5. Ogeer-Gyles J, Mathews K, Weese JS, Prescott JF, Boerlin P. Evaluation of
catheter-associated urinary tract infections and multi–drug-resistant
Escherichia coli isolates from the urine of dogs with indwelling urinary
catheters. J Am Vet Med Assoc. 2006;229(10):1584–90.

6. Weese J, Dick H, Willey B, McGeer A, Kreiswirth B, Innis B, et al. Suspected
transmission of methicillin-resistant Staphylococcus aureus between
domestic pets and humans in veterinary clinics and in the household. Vet
Microbiol. 2006;115(1–3):148–55.

7. Weese JS, Faires M, Rousseau J, Bersenas AME, Mathews KA. Cluster of
methicillin-resistant Staphylococcus aureus colonization in a small animal
intensive care unit. J Am Vet Med Assoc. 2007;231(9):1361–4.

8. Greene CE, Weese JS, Calpin JP. Environmental factors in infectious disease.
In: Greene CE, editor. Infectious diseases of the dog and cat. 4th ed. St.
Louis: Elsevier Saunders; 2012. p. 1078–100.

9. Maki DG, Alvarado CJ, Hassemer CA, Zilz MA. Relation of the inanimate
hospital environment to endemic nosocomial infection. N Engl J Med. 1982;
307(25):1562–6.

10. Otter JA, Yezli S, French GL. The role played by contaminated surfaces in
the transmission of nosocomial pathogens. Infect Control Hosp Epidemiol.
2011;32(7):687–99.

11. Morgan DJ, Rogawski E, Thom KA, Johnson JK, Perencevich EN, Shardell M,
et al. Transfer of multidrug-resistant bacteria to healthcare workers’ gloves
and gowns after patient contact increases with environmental
contamination. Crit Care Med. 2012;40(4):1045–51.

12. [CDC] Centers for Disease Control and Prevention. Options for Evaluating
Environmental Cleaning . CDC Centers for Disease Control and Prevention.
2010 [cited 2019 Dec 10]. Available from: https://www.cdc.gov/hai/pdfs/
toolkits/Environ-Cleaning-Eval-Toolkit12-2-2010.pdf

13. Stull JW, Bjorvik E, Bub J, Dvorak G, Petersen C, Troyer HL. 2018 AAHA
infection control, prevention, and biosecurity guidelines. J Am Anim Hosp
Assoc. 2018;54(6):297–326.

14. Murphy CP, Reid-Smith RJ, Boerlin P, Weese JS, Prescott JF, Janecko N, et al.
Escherichia coli and selected veterinary and zoonotic pathogens isolated
from environmental sites in companion animal veterinary hospitals in
southern Ontario. Can Vet J. 2010;51(9):963–72.

15. Hoet AE, Johnson A, Nava-Hoet RC, Bateman S, Hillier A, Dyce J, et al.
Environmental methicillin-resistant Staphylococcus aureus in a veterinary
teaching hospital during a nonoutbreak period. Vector-Borne Zoonotic Dis.
2011;11(6):609–15.

16. Burgess BA, Morley PS, Hyatt DR. Environmental surveillance for Salmonella
enterica in a veterinary teaching hospital. J Am Vet Med Assoc. 2004;225(9):
1344–8.

17. Rojas I, Barquero-Calvo E, van Balen JC, Rojas N, Muñoz-Vargas L, Hoet AE.
High prevalence of multidrug-resistant community-acquired methicillin-
resistant Staphylococcus aureus at the largest veterinary teaching Hospital in
Costa Rica. Vector-Borne Zoonotic Dis. 2017;17(9):645–53.

18. Loeffler A, Boag AK, Sung J, Lindsay JA, Guardabassi L, Dalsgaard A, et al.
Prevalence of methicillin-resistant Staphylococcus aureus among staff and
pets in a small animal referral hospital in the UK. J Antimicrob Chemother.
2005;56(4):692–7.

19. Hamilton E, Kaneene JB, May KJ, Kruger JM, Schall W, Beal MW, et al.
Prevalence and antimicrobial resistance of Enterococcus spp and
Staphylococcus spp isolated from surfaces in a veterinary teaching hospital. J
Am Vet Med Assoc. 2012;240(12):1463–73.

20. CLSI. Clinical Laboratory Standards Institute. Performance standards for
antimicrobial disk and dilution susceptibility tests for bacteria isolated from
animals; approved standard. 4th ed. Vols. 33. Wayne: Clinical Laboratory
Standards Institute; 2013.

21. Boyce JM. Environmental contamination makes an important contribution
to hospital infection. J Hosp Infect. 2007;65:50–4.

22. Weese JS, DaCosta T, Button L, Goth K, Ethier M, Boehnke K. Isolation of
methicillin-resistant Staphylococcus aureus from the environment in a
veterinary teaching hospital. J Vet Intern Med. 2004;18(4):468–70.

23. Worthing KA, Brown J, Gerber L, Trott DJ, Abraham S, Norris JM. Methicillin-
resistant staphylococci amongst veterinary personnel, personnel-owned
pets, patients and the hospital environment of two small animal veterinary
hospitals. Vet Microbiol. 2018;223:79–85.

24. Rutala WA, Weber DJ. Surface disinfection: should we do it? J Hosp Infect.
2001;48:S64–8.

25. Lin MY, Weinstein RA, Hayden MK. Multidrug-resistant organisms:
epidemiology and control. In: Jarvis WR, editor. Bennett & Brachman’s

Verdial et al. Irish Veterinary Journal           (2021) 74:18 Page 9 of 10

http://www.who.int/gpsc/country_work/gpsc_ccisc_fact_sheet_en.pdf
http://www.who.int/gpsc/country_work/gpsc_ccisc_fact_sheet_en.pdf
https://www.cdc.gov/hai/pdfs/toolkits/Environ-Cleaning-Eval-Toolkit12-2-2010.pdf
https://www.cdc.gov/hai/pdfs/toolkits/Environ-Cleaning-Eval-Toolkit12-2-2010.pdf


hospital infections. 6th ed. Philadelphia: Lippincott Williams & Wilkins; 2014.
p. 181–207.

26. Markey BK, Leonard FC, Archambault M, Cullinane A, Maguire D.
Bacteriology. In: Markey BK, Leonard FC, Archambault M, Cullinane A,
Maguire D, editors. Clinical veterinary microbiology. 2nd ed. St. Louis: Mosby
Elsevier; 2013.

27. Stiefel U, Cadnum JL, Eckstein BC, Guerrero DM, Tima MA, Donskey CJ.
Contamination of hands with methicillin-resistant Staphylococcus aureus
after contact with environmental surfaces and after contact with the skin of
colonized patients. Infect Control Hosp Epidemiol. 2011;32(2):185–7.

28. Boerlin P, Eugster S, Gaschen F, Straub R, Schawalder P. Transmission of
opportunistic pathogens in a veterinary teaching hospital. Vet Microbiol.
2001;82(4):347–59.

29. Chaoui L, Mhand R, Mellouki F, Rhallabi N. Contamination of the surfaces of
a health care environment by multidrug-resistant (MDR) Bacteria. Int J
Microbiol. 2019;2019:1–7 Available from: https://www.hindawi.com/journals/
ijmicro/2019/3236526/.

30. Ashraf MS, Hussain SW, Agarwal N, Ashraf S, EL-Kass G, Hussain R, et al.
Hand hygiene in long-term care facilities a multicenter study of knowledge,
attitudes, practices, and barriers. Infect Control Hosp Epidemiol. 2010;31(7):
758–62.

31. Anderson MEC. Contact precautions and hand hygiene in veterinary clinics.
Vet Clin North Am Small Anim Pract. 2015;45(2):343–60.

32. Sidjabat HE, Townsend KM, Lorentzen M, Gobius KS, Fegan N, Chin JJ-C,
et al. Emergence and spread of two distinct clonal groups of multidrug-
resistant Escherichia coli in a veterinary teaching hospital in Australia. J Med
Microbiol. 2006;55(8):1125–34.

33. Trautmann M, Lepper PM, Haller M. Ecology of Pseudomonas aeruginosa in
the intensive care unit and the evolving role of water outlets as a reservoir
of the organism. Am J Infect Control. 2005 Jun;33(5):S41–9.

34. Baghal Asghari F, Nikaeen M, Mirhendi H. Rapid monitoring of Pseudomonas
aeruginosa in hospital water systems: a key priority in prevention of
nosocomial infection. FEMS Microbiol Lett. 2013;343(1):77–81.

35. Walker J, Moore G. Pseudomonas aeruginosa in hospital water systems:
biofilms, guidelines, and practicalities. J Hosp Infect. 2015;89(4):324–7.

36. Coppry M, Leroyer C, Saly M, Venier A-G, Slekovec C, Bertrand X, et al. Exogenous
acquisition of Pseudomonas aeruginosa in intensive care units: a prospective multi-
Centre study (DYNAPYO study). J Hosp Infect. 2020;104(1):40–5.

37. Costa D, Bousseau A, Thevenot S, Dufour X, Laland C, Burucoa C, et al.
Nosocomial outbreak of Pseudomonas aeruginosa associated with a drinking
water fountain. J Hosp Infect. 2015;91(3):271–4.

38. Tran-Dinh A, Neulier C, Amara M, Nebot N, Troché G, Breton N, et al. Impact
of intensive care unit relocation and role of tap water on an outbreak of
Pseudomonas aeruginosa expressing OprD-mediated resistance to
imipenem. J Hosp Infect. 2018;100(3):e105–14.

39. Loveday HP, Wilson JA, Kerr K, Pitchers R, Walker JT, Browne J. Association
between healthcare water systems and Pseudomonas aeruginosa infections:
a rapid systematic review. J Hosp Infect. 2014;86(1):7–15.

40. van Balen J, Kelley C, Nava-Hoet RC, Bateman S, Hillier A, Dyce J, et al.
Presence, distribution, and molecular epidemiology of methicillin-resistant
Staphylococcus aureus in a small animal teaching hospital: a year-long active
surveillance targeting dogs and their environment. Vector-Borne Zoonotic
Dis. 2013;13(5):299–311.

41. Kramer A, Schwebke I, Kampf G. How long do nosocomial pathogens
persist on inanimate surfaces? A systematic review. BMC Infect Dis. 2006;
6(1):130.

42. Gil S. Unidade de isolamento de doenças infecciosas (UIDI). In: Duarte AI,
Ferreira AA, Carrapiço B, Brás BS, Fontes C, Pomba C, et al., editors. Manual
de procedimentos especiais de segurança, higiene e Saúde no local de
trabalho e de formação. 1st ed. Lisbon: FMV-UL; 2017.

43. KuKanich KS, Ghosh A, Skarbek JV. Lothamer; Ludek Zurek KM. Surveillance
of bacterial contamination in small animal veterinary hospitals with special
focus on antimicrobial resistance and virulence traits of enterococci. J Am
Vet Med Assoc. 2012;240(4):437–45.

44. Cardinale M, Kaiser D, Lueders T, Schnell S, Egert M. Microbiome analysis
and confocal microscopy of used kitchen sponges reveal massive
colonization by Acinetobacter, Moraxella and Chryseobacterium species. Sci
Rep. 2017;7(1):5791.

45. Cordeiro ALAO, Oliveira MMC, Fernandes JD, Barros CSMA, Castro LMC.
Contaminação de equipamentos em unidade de terapia intensiva. Acta Paul
Enferm. 2015;28(2):160–5.

46. Fraser MA, Girling SJ. Bacterial carriage of computer keyboards in veterinary
practices in Scotland. Vet Rec. 2009;165(1):26–7.

47. Bender JB, Schiffman E, Hiber L, Gerads L, Olsen K. Recovery of
staphylococci from computer keyboards in a veterinary medical Centre and
the effect of routine cleaning. Vet Rec. 2012;170(16):414.

48. Amini R, Moghadam RH, Soleimani S, Madihi SV, Jahani H, Heidarzadi K,
et al. Disinfection and general cleaning practices used in health care centers
and hospitals. J Basic Res Med Sci. 2014;1(3):1–13.

49. Hoet AE. Disinfection of environments contaminated by staphylococcal
pathogens. In: Bonagura JD, Twedt DC, editors. Kirk’s current veterinary
therapy XV. St. Louis: Elsevier Saunders; 2014.

50. Patterson G, Morley PS, Blehm KD, Lee DE, Dunowska M. Efficacy of directed
misting application of a peroxygen disinfectant for environmental
decontamination of a veterinary hospital. J Am Vet Med Assoc. 2005;227(4):
597–602.

51. Saklou NT, Burgess BA, Van Metre DC, Hornig KJ, Morley PS, Byers SR.
Comparison of disinfectant efficacy when using high-volume directed mist
application of accelerated hydrogen peroxide and peroxymonosulfate
disinfectants in a large animal hospital. Equine Vet J. 2016;48(4):485–9.

52. Dunowska M, Morley PS, Hyatt DR. The effect of Virkon®S fogging on
survival of Salmonella enterica and Staphylococcus aureus on surfaces in a
veterinary teaching hospital. Vet Microbiol. 2005;105(3–4):281–9.

53. Wong EK, Burgess BA, Brainard BM, Greene CE, Hurley DJ, Koenig A. The
comparative efficacy of disinfectant wipes on common-use computer
keyboards in a veterinary teaching hospital. Can Vet J = La Rev Vet Can.
2020;61(1):69–74.

54. Menegueti MG, Canini SRM da S, Bellissimo-Rodrigues F, Laus AM.
Evaluation of nosocomial infection control programs in health services. Rev
Lat Am Enfermagem. 2015;23(1):98–105.

55. Antec International Limited. Virkon ™ S : stability and microbiological
Performance at sub-zero temperatures. 2016 [cited 2020 Jul 20]. Available
from: https://virkons.dk/wp-content/uploads/2018/03/2016_08-Virkon™-S-sta
bility-minus-10-degrees-and-microbiological-Performance-at-sub-zero.pdf

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Verdial et al. Irish Veterinary Journal           (2021) 74:18 Page 10 of 10

https://www.hindawi.com/journals/ijmicro/2019/3236526/
https://www.hindawi.com/journals/ijmicro/2019/3236526/
https://virkons.dk/wp-content/uploads/2018/03/2016_08-VirkonTM-S-stability-minus-10-degrees-and-microbiological-Performance-at-sub-zero.pdf
https://virkons.dk/wp-content/uploads/2018/03/2016_08-VirkonTM-S-stability-minus-10-degrees-and-microbiological-Performance-at-sub-zero.pdf

	Abstract
	Background
	Results
	Conclusions

	Background
	Results
	Bacterial identification-
	Bacterial quantification

	Discussion
	Conclusions
	Methods
	Description of the isolation unit
	Sampling procedures
	Determination of the bacterial load of selected surfaces
	Isolation of bacterial species associated with nosocomial infections
	Implementation of new surface disinfection protocols
	Data analysis
	Abbreviations

	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

