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Abstract

This paper aimed to assess the success of cleaning and disinfection on microbiological contamination of anesthetic
masks, which were used for automated isoflurane anesthesia for surgical castration of male piglets. Data collection
took place on 11 farms in Southern Germany between September 2020 and June 2022. Each farm was visited three
times (one farm having two different anesthesia devices was visited six times), and microbiological assessments took
place at four sample points (SP): after unpacking the masks (SP0), after disinfection before anesthesia (SP1), after anes-
thesia of all piglets to be castrated in this run (SP2), and after disinfection after anesthesia (SP3). The microbiological
assessment included the determination of total bacteria count, total count of hemolytic and non-hemolytic meso-
philic aerotolerant bacteria and a qualitative detection of indicator bacteria Escherichia (E.) coli, extended-spectrum
beta-lactamase-producing E. coli (ESBL) and methicillin-resistant Staphylococcus aureus (MRSA). For analysis, a gener-
alized linear mixed model was applied using farms and farm visits as random effects and sampling points nested in
farm visits as fixed effect. The fixed effect was highly significant for all three variables (total bacteria count, total count
of hemolytic and non-hemolytic mesophilic aerotolerant bacteria) (p <0.001). The bacterial counts at SPO were about
the same as at SP3. Concerning indicator bacteria, their presence was highest at SP2 and lowest at SP3. No indicator
bacteria were present at SP1. It can be concluded that disinfection of anesthetic masks, especially before performing
anesthesia, may effectively protect piglets of the following batch against unwanted transmission of pathogens. These
findings will help farmers plan cleaning and disinfection activities.
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Introduction

As a result of an amendment to the German Animal
Welfare Act in 2013 and a 2-year extension of the
deadline, the former surgical castration without anes-
thesia of male suckling piglets less than 8 days old has
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in Europe commonly applying isoflurane for surgical
castration of male suckling piglets [6, 7]. Although iso-
flurane anesthesia is not yet widely used in livestock
farming, inhalation anesthesia is of general importance
for veterinary surgery, especially concerning small
animals. In pigs, and basically also in small animals,
using anesthetic masks results in a potential risk of
unwanted transmission of pathogens, zoonotic agents
and resistant bacteria from animal to animal or from
animal groups to other animal groups, respectively. For
instance, piglets may carry infectious agents or resist-
ant zoonotic bacteria in the nose, mucus, and planum
rostrale [22, 23]. Mucus and epithelia come into con-
tact with the inner surfaces of anesthetic masks and
thereby may contaminate them. Hitherto, only a few
data have been published about the contamination of
anesthetic masks for piglets and the effect of measures
to avoid the transmission of microbial contaminations,
e. g. Weber et al. [27]. In the present study, automated
isoflurane anesthesia is applied for the surgical castra-
tion of male suckling piglets. The present paper aims
to assess the microbiological assessment of the success
of cleaning and disinfection of used anesthetic masks
to reduce the potential risk of unwanted pathogen
transmission from animal to animal. These findings
will help farmers plan cleaning and disinfection activi-
ties and provide a principal approach concerning the
hygiene management using inhalation anesthesia.

Table 1 Overview of the farms (see also [28])
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Material and methods

Data collection

The data collection occurred between September 2020
and June 2022 on 11 farrowing farms. The farms were
selected with the help of several veterinary practition-
ers, and participation in the study was voluntary for the
farms. Due to the repeated sampling, primarily farms in
Southern Germany were included in the study. In order
to obtain a representative sample, the farms differed in
farm size and production rhythm (Table 1).

On these farms, male suckling piglets less than 8 days
old were surgically castrated under isoflurane anesthesia
by the farmers according to the German Animal Wel-
fare Act and corresponding regulations [3]. Five different
anesthesia devices were used in the present study: PigNap
4.0 (PN), Anestacia (AN), PorcAnest 3000 (PA), PigletS-
noozer (PSn), and PigSleeper (PSl). The devices differed
in various characteristics. The characteristics of PN, AN,
and PA are described in Winner et al. [28]. Videos of all
devices are available on the internet: https://www.landw
irtschaftskammer.de/landwirtschaft/tiergesundheit/sgd/
isofluran-videos.htm.

For the present study, each farm was visited three
times. On farm number 3 (Table 1), two different devices
were used. Thus, this farm was visited six times in total.
Before the first sampling at the first visit, all masks were
wiped with alcohol as a baseline. In general, in each farm
visit, a microbiological assessment of the anesthetic
masks took place at four different sample points: after
unpacking the masks (sample point 0), after disinfec-
tion before anesthesia (sample point 1), after anesthesia

Farm' Anesthesia device? The average number of sows, farrowing rhythm in weeks,
piglets/batch and routine management procedures on
castration day

2 PN 100-250, 3 wks, 102, ear tag

6 PN 100-250, 3 wks, 101

1 PA 100-250, 3 wks, 101, iron

3 PA > 250, 1-1-0, 74, tail dock

4 PA 100-250, 3 wks, 82, iron

5 PA <100, 3 wks, 47

7 AN >250, 3 wks, 371

8 AN 100-250, 3 wks, 86, ear tag

9 AN 100-250, 3 wks, 52, tail dock, iron

10 AN <100, 3 wks, 48, ear tag

13 PSn > 250, 3 wks, 243, ear tag, (iron)

3 PsI >250, 1-1-0, 74, tail dock

11 farms (one farm with two different 5 devices

devices)

T Corresponding to [28]

2 PN: PigNap 4.0, PA: PorcAnest 3000, AN: Anestacia, Psn: PigletSnoozer, Psl: PigletSleeper
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(sample point 2), and after disinfection after anesthesia
(sample point 3) (Fig. 1). For feasibility reasons, sam-
plings (and corresponding cleaning or disinfection) were
performed at each sample point after all piglets passed
the sample point (@ 115 (+104) piglets per batch, min:
25, max: 469). Each farm visit comprised only one batch.
Thus, in total, each farm visit resulted in four samples.

For cleaning, the masks were cleaned with tap water
and dried with disposable paper towels. For disinfection,
the disinfectant available on the farm was used. In most
farms, the disinfection was conducted with Meliseptol®
New Formula (B. Braun SE, Germany), a ready-to-use
alcohol-based disinfectant for spraying on or wiping off.
Farms 4 and 10 used Kodan® Tinktur Forte (Schiilke,
Germany), a disinfectant containing 2-Propanol, 1-Pro-
panol, and Biphenyl-2-ol. The disinfectant was not
changed during the data collection. The masks were wet-
ted with the disinfectant, allowed to dry for a short time
and then wiped dry with a sterile compress. After disin-
fection after anesthesia, the masks were packed in ziploc
bags and stored in the barn until the next data collection
(sample point 0) (time stored @ 102 (+113) days, min: 8,
max: 430).

For the microbiological assessment, the masks’ inner
surfaces were first sampled using a sterile swab soaked
with 0.9% NaCl solution and then with a second sterile
dry swab at each of the four sample points. Four swabs
were used for the mask of the PN, as it is designed with
a double wall; one dry and one soaked swab each for the
inner and outer mask. The samplings were always car-
ried out by the same two pre-trained veterinarians from
the Clinic for Swine at the Centre for Clinical Veteri-
nary Medicine, LMU Munich, Germany. The two or four
swabs per sample were transferred to a single tube with
10 ml phosphate buffer saline (PBS) and 0.01% Tween
20 for subsequent analyses and brought to the labora-
tory under cooled conditions. As transport control, one
tube with 0.9% NaCl solution and one tube with PBS and
0.01% Tween 20 were enclosed. All samples were sent
overnight and were processed in the laboratory within
24 h. Upon arrival at the laboratory, the swab samples
were vortexed in the tubes for 1 min at maximum speed
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(uniTexerl, LLG Labware, Meckenheim, Germany). The
microbiological assessment included the determination
of the total bacteria count, the total count of hemolytic
and non-hemolytic mesophilic aerotolerant bacteria
and the qualitative detection of the indicator bacteria
Escherichia (E.) coli, extended-spectrum beta-lactamase-
producing E. coli (ESBL) and methicillin-resistant Staph-
ylococcus aureus (MRSA).

To determine the total bacteria count and the total
count of mesophilic aerotolerant bacteria, serial dilu-
tions were prepared with 0.9% NaCl solution and 0.1 ml
was plated out on three blood-based agar plates (VWR,
84,647.0500) and three azide blood agar plates (Oxoid,
CMO0259) with sheep blood (Oxoid, SR0051C), respec-
tively. Both plates were incubated at 36 °C, the azide
blood agar plates with 5% carbon dioxide (CO,). After
24 h of incubation for the total bacteria count and 48 h
of incubation for both, colony-forming units (CFU) were
counted, and the results were expressed in CFU/mask by
extrapolating the serial dilutions factor to the distributed
volume. Concerning mesophilic aerotolerant bacteria it
was distinguished between hemolytic and non-hemo-
lytic bacteria. Isolates from pig barns cultivated on azide
blood agar and incubated at 5% CO, typically belong to
the order of Lactobacillales and to genera that form cocci
[17]. Therefore, counts of these bacteria were hereafter
considered hemolytic and non-hemolytic cocci. Qualita-
tively, the presence of E. coli, ESBL and MRSA was deter-
mined after pre-enrichment and as described by Friese
et al. [8] and Ahmed et al. [1].

The presence of E. coli, ESBL and MRSA was con-
firmed by MALDI-TOF mass spectral analysis. The sus-
pected MRSA isolates were confirmed by real-time PCR
(QuickBlue Realquick QB-RTi-39, Q-Bioanalytic GmbH,
Bremerhaven, Germany).

Statistical analysis

Data processing and statistical analyses were performed
using SAS 9.4 [16]. First, the analysis compared the
total bacteria count per mask, the total count of non-
hemolytic cocci per mask and the total count of hemo-
lytic cocci per mask between the different sample points.

Anesthesia

Disinfection

Disinfection

and castration ’ ‘

Sample point 0:
after unpacking
the masks

Sample point 1:
after disinfection
before anesthesia

Sample point 2:
after anesthesia

Sample point 3:
after disinfection
after anesthesia

Fig. 1 Graphical illustration of the workflow of the present study and corresponding sample points.
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Were the CFU of the variables was 0, these were replaced
by 0.5, according to Daly und Harris [5], to allow for log
transformation. Subsequently, a generalized linear mixed
model was applied using farms and farm visits as random
effects and sampling points nested in farm visits as fixed
effect to evaluate whether there was a significant differ-
ence between the sample points. No discrimination was
made between farms or types of masks. Results with a
p-value<0.05 were considered statistically significant.
If significant differences were found between more than
two sample points, pairwise comparisons between sam-
ple points using differences of least squares means and
Bonferroni adjustment were conducted. Since sample
point 0 occurred only in visits 2 and 3 (to evaluate dis-
infection and packaging after use, the masks had to be
used first for anesthesia), the first visit on each farm was
excluded from the analyses. Thus, the data set to be ana-
lyzed included 11 farms (on farm number 3, two different
devices were used, thus, this farm appears twice in the
analysis), each with two visits and four sample points.
Second, the occurrence of the indicator bacteria E. coli,
ESBL and MRSA was evaluated using descriptive statis-
tics. For this purpose, the indicator bacteria detection
frequency at the respective sample points was compared.

Results

The log-transformed data of total bacteria count per
mask, of total count of non-hemolytic cocci per mask,
and of total count of hemolytic cocci per mask per sam-
ple point over all farms are shown in Fig. 2.

All three variables show a concurrent pattern with a
higher total count after anesthesia (sample point 2) and
the lowest total count after disinfection before anesthe-
sia (sample point 1). Besides, the total bacteria count
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per mask is two log levels higher than the total count of
cocci, both hemolytic and non-hemolytic. After clean-
ing and disinfection of used masks, the total bacteria
and cocci reduction is approximately on the same level
(sample point 3).

The results of the generalized linear mixed model are
shown in Table 2.

The fixed effect sample point was highly significant
for all three variables (p<0.001). The bacterial counts
after disinfection and before the use of the masks were
at about the same level as after disinfection after anes-
thesia (sample points 1 and 3).

Table 3 contains the differences between the least-
square means of the pairwise comparisons for the fixed
effect.

In all three variables, the pairwise comparisons
revealed only non-significant differences between sam-
ple points 1 and 3, which are not consecutive sample
points, either way. The differences were significant in all
other pairwise comparisons, especially the consecutive
comparisons (p<0.05). Within the consecutive sample
points, the differences were highest for comparing sam-
ple points 1 and 2 (after disinfection before anesthesia
vs. after anesthesia) and 2 and 3 (after anesthesia vs.
after disinfection after anesthesia). Hence, disinfection
after anesthesia reduced both the total bacterial count
and the total count of non-hemolytic and hemolytic
cocci by around 5 logs.

Concerning the indicator bacteria, the presence of
indicator bacteria E. coli, ESBL and MRSA was highest
after anesthesia (sample point 2) and lowered after dis-
infection (sample point 3). No indicator bacteria were
present after disinfection before anesthesia (sample
point 1) (Table 4).
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Fig. 2 Log-transformed data of a total bacteria count per mask, b total count of non-hemolytic cocci per mask, and ¢ total count of hemolytic
cocci per mask per sample point (0: after unpacking the masks, 1: after disinfection before anesthesia, 2: after anesthesia, 3: after disinfection after

anesthesia, over all farms).
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Table 2 Results of the analysis of variance with repeated measurements
Variable: fixed effect Level' Mean 95% confidence p-value
interval
Total bacteria count per mask: sample point <0.001
0 357 3.13;4.00
1 1.96 1.50;2.42
2 6.68 6.42,6.93
3 248 2.06;2.89
Total count of non-hemolytic cocci per mask: sample point <0.001
0 1.80 1.27;2.34
1 0.22 —0.34,0.78
2 5.88 5.63;6.13
3 0.74 0.22;1.26
Total count of hemolytic cocci per mask: sample point <0.001
0 1.76 1.24;2.27
1 0.63 0.151.11
2 579 5.556.03
3 0.78 0.22;1.33

1 0: after unpacking the masks, 1: after disinfection before anesthesia, 2: after anesthesia, 3: after disinfection after anesthesia

Table 3 Differences between least-square means of the significant fixed effect sample point. P-values were adjusted by applying post

hoc Bonferroni adjustment

First sample point Second sample point

Total bacteria count per

Total count of non-hemolytic Total count of hemolytic

under comparison' under comparison' mask cocci per mask cocci per mask
Estimate p-value Estimate p-value Estimate p-value
0 1 1.61 <0.001 1.58 <0.001 1.13 <0.001
0 2 -3.22 <0.001 -4.08 <0.001 —-403 <0.001
0 3 1.16 <0.001 1.06 <0.01 098 <001
1 2 483 <0.001 5.66 <0.001 516 <0.001
1 3 045 0.15 0.52 0.63 0.14 1.00
2 3 438 <0.001 514 <0.001 5.02 <0.001

1 0: after unpacking the masks, 1: after disinfection before anesthesia, 2: after anesthesia, 3: after disinfection after anesthesia

Table 4 Frequency of samples [%] with indicator bacteria
(Escherichia (E) coli, extended-spectrum  beta-lactamase-
producing E. coli (ESBL) and methicillin-resistant Staphylococcus
aureus (MRSA) at the respective sample points (0-3)

Indicator  0: After 1: After 2: After 3: After

bacteria  unpacking disinfection  anesthesia disinfection
the masks before after

anesthesia anesthesia

E. coli 833 0.00 87.5 417

ESBL 0.00 0.00 12.5 4.17

MRSA 833 0.00 66.7 417

Discussion

The study was conducted on 11 farms in Southern Ger-
many. Their participation in this study was voluntary.

Thus, this study has to be classified as a field trial and its
results need to be further validated before they can be
presented as being generally applicable. However, includ-
ing farms with different characteristics, it was ensured
that the results are of general importance for on-farm
application.

The results of the present study indicate that piglets’
snouts microbiologically contaminated anesthetic masks
during anesthesia. This was also shown in a preliminary
study by Hirtel et al. [9]. The microbiological contami-
nation of anesthetic masks during anesthesia can present
a potential risk of spreading pathogens, zoonotic agents
and resistant bacteria. This matters not only for livestock
production, but is also important for inhalation anesthe-
sia in small animal surgery.

To depict the microbial reduction due to hygiene
measures, the microbiological assessments included
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determining the total bacteria count and the total count
of hemolytic and non-hemolytic cocci. The total bac-
teria count and the count of aerotolerant cocci were
used because an earlier study showed that these param-
eters were useful for assessing a significant quantitative
reduction by a disinfection measure in pig farms [17].
E coli, ESBL, and MRSA served as indicator bacteria
because they represent potential pathogenic, zoonotic,
and resistant bacteria that could be expected on pig
farms. More details are illustrated subsequently:

Considering van Beers-Schreurs et al. [22], E. coli
is part of the pigs’ normal flora. However, pathogenic
E. coli causes colibacillosis, one of the swine indus-
try’s most significant diseases. Over the past decades,
resistant and multiresistant isolates have emerged [18].
Concerning the resistance to cephalosporins, the major
mechanism relies on the production of ESBL [14]. This
is a major challenge in controlling piglet diarrhea in
swine production. However, neither the pathogenic-
ity of E. coli and ESBL isolates nor potential resist-
ance mechanisms were analyzed in the present study.
As used in our study, no relevant changes in mini-
mum inhibitory concentration (MIC) values have yet
been reported for disinfectants containing alcohols
[15]. Therefore, the effective disinfection of the chosen
indicator bacteria suggests the same effectivity against
pathogenic strains.

Besides diarrheal pathogens, respiratory pathogens
are particularly relevant in pig production. Respiratory
diseases are also referred to as respiratory disease com-
plex (PRDC) since its etiology is multifactorial, caused
by a variety of bacteria and viruses [10, 20]. Although the
disinfectant efficacy against viruses was not investigated
in the present study, Turner and Burton [21] showed in
a review that 70% ethanol has been found in many stud-
ies to be highly effective in inactivating viruses in pig
slurry. Therefore, it can be expected that the disinfection
method tested in the present study is also useful to pre-
vent from respiratory diseases.

Alcoholic disinfectants act, in general, against a broad
spectrum of bacteria and viruses, but in cases of known
problems with pathogens (bacterial spores, some viruses)
that cannot be efficiently inactivated, it can be recom-
mended to adapt the disinfectant. In this context, poten-
tial skin irritations at the snout of piglets and the toxicity
of disinfectants should be considered. Notwithstanding
this, the disinfection of cleaned masks before anesthesia
(sample point 1) revealed no detection of indicator bac-
teria although sensitive enrichment methods were used,
which increased the likelihood of detection [1]. In sum-
mary, if indicator bacteria are eliminated, the question
of pathogenicity and resistance mechanisms no longer
arises.
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Concerning resistant bacteria, in 2005, a new methicil-
lin-resistant Staphylococcus aureus (MRSA), now called
livestock-associated (LA)-MRSA, was found on pig farms
in the Netherlands [25]. Even though many pigs carry
LA-MRSA, infections are unusual [23]. Colonized pigs,
however, can serve as MRSA reservoirs for the human
population [4, 19]. This is why it is important to reduce
or prevent animal colonization [24]. As shown for E. coli
and ESBL, MRSA was efficiently eliminated by the sec-
ond disinfection of the cleaned mask immediately before
anesthesia (sample point 1) (Table 4).

Despite these explanations, it must be considered that
transmission of pathogens occurs in groups of animals
that have contact with each other or are housed in the
same barn [11, 12]. Considering feasibility, it is more con-
venient to clean and disinfect the masks after each batch
(as conducted in the present study) than after each anes-
thetized piglet. The results of the present study suggest
that this approach seems to allow interrupting chains of
infection between different animal groups. This is also
shown by the fact that the reduction in bacteria was gen-
erally high, even though small and large batches were
analyzed together. Further, no discrimination was made
between farms or types of masks within the present
study since the cleaning and disinfection measures have
to work on every farm and every type of mask to make a
recommendation that is generally applicable.

The results show that disinfection after anesthesia
(sample point 2) reduced both the total bacteria count
and the total count of non-hemolytic and hemolytic
cocci by around 5 logs, regardless of the anesthesia
device/mask used. Swab sampling followed by dilution
of the washing buffer are suitable methods to quantify
the bacterial loads from surfaces in animal houses [13].
Although the applied cultivation procedures might not
have detected all cultivable bacteria from the inner sur-
face of the masks, for instance, slow-growing bacteria,
the quantification of both total bacteria and non-hemo-
lytic and hemolytic cocci showed the same trends (Fig. 2)
and highly significant reductions after disinfection
(Table 3). Further, disinfection after anesthesia (sample
point 2) lowered the presence of indicator bacteria. The
lowest total bacteria count and the lowest total count of
non-hemolytic and hemolytic cocci, as well as zero pres-
ence of indicator bacteria, could be detected when prior
cleaned and disinfected masks were unpacked and dis-
infected before anesthesia (sample point 1). This could
suggest that disinfection before anesthesia is, in general,
used. However, a low level of bacteria was found even
after unpacking cleaned and disinfected masks (sam-
ple point 0). Although disinfection after anesthesia and
packaging may lead to a successful interruption of infec-
tion chains, a second disinfection immediately before
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anesthesia can be recommended on farms and would be
feasible.

Conclusion

Disinfection of an anesthetic mask is important since
it may prevent unwanted transmission of pathogens,
zoonotic agents, and resistant bacteria between animal
groups. The results of the present study confirm that
disinfection of anesthetic masks effectively reduces the
total bacteria count and even eliminates indicator bacte-
ria. A significant reduction of bacteria by mask hygiene
between the use in different batches is, therefore, a suc-
cessful preventive measure in the sense of interrupting
infection chains and unwanted colonization and can be
recommended to the farmers.
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