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Abstract

Optimal hygiene management is an essential part of maintaining a high standard of health in conventional pig production
systems and for the successful interruption of infection chains. Currently, efficiency assessments on cleaning and
disinfection are only performed by visual inspection or are neglected completely. The aim of this study was to evaluate

the available methods for on farm monitoring of hygiene, identify critical points in pig pens and use the data obtained for
training purposes. In addition to visual inspection by assessing the cleanliness, microbiological swab samples, i.e., aerobic
total viable count (TVC), total coliform count, methicillin-resistant Staphylococcus aureus (MRSA), and extended-spectrum
f-lactamases-producing bacteria (ESBL), swab samples for ATP as well as protein residues and agar contact plates combined
with 3 different culture media, were applied and ranked according to their suitability for livestock farming. Samples

were collected on at least 15 critical points from one representative pen on 6 pig fattening farms with various hygiene
management practices after cleaning and disinfection. After the first sampling, farmers were trained with their individual
results, and sampling was repeated 6 mo after training. Nipple drinkers, feeding tubes (external and inner surface), and
troughs (external and inner surface) showed the greatest bacterial loads (TVC: 4.5-6.7 log,  cfu cm™) and values for ATP

and protein residues; therefore, these surfaces could be identified as the most important critical points. Spearman rank
correlations (P < 0.01) were found between the different assessment methods, especially for the TVC and ATP (r = 0.82,

P < 0.001). For rapid assessment on farms, ATP tests represented an accurate and cost-efficient alternative to microbiological
techniques. Training improved cleaning performance as indicated by a lower rating for visual inspection, TVC, ATP, MRSA,
and ESBL in the second assessment. The monitoring of cleaning efficiency in pig pens followed by training of the staff
constitutes a valuable strategy to limit the spread of infectious diseases and antibiotic-resistant bacteria. Special attention
should be paid to the sufficient hygiene of drinkers and feeders.
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Introduction

Cleaning and disinfection of pens is an integral part of health
management in livestock farming. The German law prescribes
that pens and equipment for pig farming must be cleaned and
disinfected between the housing out and restocking of animals
(SchHaltHygV, 1999). However, methods for how sanitation could
be monitored systematically are lacking. The most common
method, visual inspection, depends on subjective perception
and structural conditions such as light intensity or the color of
surfaces. To make matters worse, not every soiling or bacterial
contamination is visually perceptible; therefore, overestimation
of cleanliness is likely (Sherlock et al.,, 2009). Furthermore,
remaining organic material can significantly reduce the effect
of applied disinfectants (Ward et al., 2006), which means that
the efficacy of disinfection highly depends on the precision of
the initial cleaning. How cleaning and disinfection should be
carried out is mostly known; however, in practice, thoroughness
often suffers from a lack of time. For training and consultancy
purposes, easily understandable arguments can help to convince
farmers to change their procedure. Changes lead to healthier
animals and improve economic factors such as feed efficacy or
therapy costs (Banhazi and Santhanam, 2013, Le Floc’h et al.,
2014). In addition, decreasing the use of antibiotics reduces
the development and spread of livestock-associated antibiotic-
resistant bacteria (Gleeson and Collins, 2015). The first objective
of this study was to find an appropriate method for assessing
hygienic conditions in all-in all-out pig fattening systems.
Therefore, different techniques, commonly used in hospital
hygiene and food production, namely microbiological swabs,
protein- and ATP-rapid tests and different agar contact plates
(ACP) were compared. The second objective was to suggest
critical points in a pen suitable for routine monitoring after
cleaning and disinfection. The third objective was to determine
if training and raising awareness of the farmers by identifying
individual hygienic condition results and critical points help
to improve hygiene status and reduce exposure to pathogenic
bacteria.

Materials and methods

This study was conducted in accordance with federal and
institutional animal use guidelines (Az. 84 — 02.05.40.16.038),
data privacy agreement (University of Bonn, 38/2018) and ethical
standards.

Selection of the farms and experimental design

For the study, 6 conventional pig fattening farms, located in
northern Germany, with major differences in cleaning and

disinfection procedures were chosen. Differences in hygiene
management were assessed by a questionnaire before sample
collection, containing information about used detergents
and disinfectants as well as drying and exposure times. Two
samplings were performed on each farm. The purpose of
the first was to focus on suitable monitoring methods and
identify possible control points. Second sample collection was
performed 6 mo after training to survey changes in hygiene
management. The samples were taken on each farm after
cleaning and disinfection procedures were finished (Table 1)
and immediately before restocking. The farm hygiene protocol,
especially cleaning and disinfection practices, varied depending
on the farm-specific management (Table 1). On each farm, 16
different sampling sites (Table 2) were tested in a representative,
but randomly chosen pen: entrance door (inside), back wall, side
wall, ceiling, slatted floor, manure area, feeding area, feeding
tube (upside), two nipple drinkers from the same pen, trough
(outside), trough (inside), two manipulable materials (toys),
window sill, and feeding tube (inside). Detailed information on
the sampled areas and supplementary notes on the methods
used are given in Table 2. Materials and surface roughness of
the sampled areas were recorded (Supplementary Table S1). The
different methods used and the specific purpose of the methods
are given in Supplementary Table S2. For the nipple drinkers,
the inner nipple and the outer tube were swabbed in a circular
motion. On planar surfaces, samples were taken by wiping the
area horizontally and vertically. For every sampling point, an
area of 25 cm? was tested. Swabs were premoistened with sterile
physiological saline solution (Oxoid, BR0053, Basingstoke, UK).
Each farm was visited twice, so a total of 216 samples were taken
from the 6 farms. All samples were stored in chilled insulated
boxes (4 to 7 °C) and transported to the laboratory and examined
within 24 h.

Visual inspection

Before sampling, the visual cleanliness of the area was assessed
by at least two persons using a three-score grading system
(1 = cleaning was satisfactory, no remaining soiling visible;
2 = cleaning was sufficient, minor soiling visible; 3 = cleaning
was unsatisfactory, coarse soiling visible).

Microbiological swab samples

For the microbiological analysis, samples were taken by using
sterile moistened flocked swabs with 1 mL of liquid Amies
medium (eSwab, Copan, Brescia, Italy). The swabs were well
mixed for 30 s to dissolve bacteria quantitatively. From the
Amies medium, serial dilution series (1:10) were prepared in
sterile saline solution (Oxoid) with 1% tryptone (VWR, Leuven,
Belgium) to produce countable results. For aerobic total viable

Table 1. Differences in hygiene practices of cleaning and disinfection procedures, and number of fattening places on pig fattening farms,

depending on the farm

Use of Drying time Exposure time to Change of Type of Number of
Use of disinfection before disinfectant agent, disinfectant production fattening
detergents agents disinfection, h h agents chain places
Farm 1 No Yes 4 16 Rarely Integrated 1,444
Farm 2 No Yes 0.75 4 Rarely Contracted 1,250
Farm 3 Yes No — — — Integrated 640
Farm 4 No Yes 48 24 Rarely Contracted 620
Farm 5 No Yes 12 24 Always Integrated 1,120
Farm 6 Yes Yes 6 6 Rarely Contracted 3,610
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Table 2. Defined sampling points and possibility of sampling on pig fattening pens, which partially provide direct animal contact

Animal contact Swabs’ ACP? Sampled area, 25 cm?
Entrance door (inside) Yes Yes Yes 50 cm height
Back wall Yes Yes Yes 50 cm height
Side wall Yes Yes Yes 50 cm height
Ceiling No Yes Yes Middle of the pen
Slatted floor Yes Yes Yes Middle of the pen
Manure area Yes Yes No 50 cm length, feces corner
Feeding area Yes Yes Yes 10 cm in front of the trough
Feeding tube (upside) No Yes Yes Center above the pen
Nipple drinkers Yes Yes No Inner and outer tube
Trough (outside) Restricted Yes Yes Center, including the fold
Trough (inside) Yes Yes Yes Center, inner side wall
Manipulable material Yes Yes Yes Intensively used area
Window sill No Yes Yes Center
Feeding tube (inside) No Yes No Inner tube

Includes all microbiological swabs (aerobic total viable count (TVC), total coliform count (TCC), methicillin-resistant Staphylococcus aureus
(MRSA), and extended-spectrum p-lactamases producing bacteria (ESBL)) and swabs for rapid tests for adenosine triphosphate (ATP) and

protein.

?Agar contact plates (ACP) including ACP for TVC, Dey Engley agar and violet red bile dextrose agar. ACP were not applicable to all sampling

sites because of their shape.

count (TVC), 3 dilution steps were plated with nonselective
plate count agar (Merck, Darmstadt, Germany) by pour plating
in a dual approach. Plates were stored for 72 h at 30 °C under
aerobic conditions. After incubation, all visible colonies were
counted as viable numbers of microorganisms, expressed
in cfu - cm™? or mL?, from plates containing a minimum of 10
and a maximum of 300 colonies. All microbiological data were
log transformed. Additionally, samples were investigated for
the number of total coliforms by pour plating with selective
Chromocult coliform agar (Merck). After incubation for 24 h
at 37 °C, all dark blue to salmon red colonies were counted as
total coliform bacteria. For qualitative analysis of methicillin-
resistant Staphylococcus aureus (MRSA) and extended-spectrum
B-lactamase-producing bacteria (ESBL), selective CHROMagar
plates (Mast Group, Reinfeld, Germany) were used. With sterile
spatulas, 0.1 mL of the samples was spread on the agar surface
without prior dilution. The MRSA plates were incubated for 24 h
at 41 °C and afterward, for further increased pigmentation, for
another 24 h at room temperature, ESBL plates for 24 h at 41 °C.
Pink colonies from MRSA plates were transferred to Columbia
sheep blood agar (Mast Group) and incubated for 24 h at 37 °C
for confirmation. Light-gray colonies producing characteristic
B-hemolysis was counted as resistant S. aureus. All colonies that
grew on ESBL agar were considered a positive result for an ESBL
builder strain without further identification of the species.

Water samples

Additionally, for microbiological analysis of livestock drinking
water, water samples with a volume of 50 mL (stagnating water)
were taken. Two samples with equal volume from 1 pen per
farm were mixed to generate a pooled sample. Samples were
processed analogously to microbiological swab samples.

Sock samples

The pens were tested with sock samples, as routinely used for
Salmonella monitoring in broiler houses. Sock samples were
taken by covering sterile rubber boots with a disposable cellulose
hair net and walking 50 steps through the pen in a serpentine
motion including the corners. Socks were transferred to 100 mL
of sterile saline solution. After blending with a stomacher for

60 s, the saline solution was analyzed. Microbiological cultivation
of TVC was performed analogously to swab samples.

ATP rapid test

For the analysis of ATP content, sterile premoistened ATP swabs
were used (CleanTrace Surface ATP Test Swab UXL100, 3M, Neuss,
Germany). This test system is based on a bioluminescence
reaction, with ATP as a cofactor. After swabbing the targeted area,
the ATP test was activated by pushing down the stick handle
to remove the membrane and starting the enzymatic reaction
by combining all chemical solutions. After 10 s of shaking, the
amount of emitted light was measured by a luminometer (NG
111, 3M) in relative light units (RLUs). The resulting values are
displayed in log,  RLU - cm™ or mL™.

Protein rapid test

Samples were taken by special swabs for a protein rapid test
(Clean Trace, 3M). This semiquantitative test system is based
on a chemical reaction, resulting in a color change, which
depends on the protein content. The test system was activated
by pushing down the stick handle and gently shaking to mix
the reaction solutions. The results could be obtained visually
after 15 min. For a rapid interpretation of the measured protein
content, the resulting color change was assessed by a defined
5-score color scheme (1 = no change, 5 = strong change from
green to violet).

Microbiological ACPs

All flat surfaces (Table 2) were tested with ACP. Three different
commercially available media were used: a nonselective plate
count agar for enumeration of TVC, violet red bile dextrose agar
(VRBD) for selective cultivation of Enterobacteriaceae and Dey
Engley Agar (DE) for cultivation of bacteria after disinfection to
neutralize disinfectant residues (HygieneChek, 49404R, 49417R,
49428R, Romerlabs, Butzbach, Germany). All ACPs had a surface
of 9 cm? Bacteria were transferred to the media by gently
pressing the agar on the sampling surface. After incubation for
24 h at 30 °C, all grown colonies were counted. Sampling with
ACP was only used in the initial sampling before training of the
staff.
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Hygiene management training and raising
awareness

After data analysis and processing of the results from the
first sampling, all farm managers were invited for hygiene
management training. At least 1 person from each farm
participated. The training started with an introductory lecture
about basic protocols of hygiene management, the differences
in cleaning and disinfection and biological foundations of
microbiological contaminations in a 60-min oral presentation.
Sampling points were introduced briefly, and participants were
asked to guess their own results (one feedback form per farm).
The general weak points (as group means) for cleaning and
disinfection were noted in a short talk (< 10 min). Subsequently,
the individual results were handed out to each farmer in privacy
with the possibility to ask questions. To highlight the critical
points, the results were presented in bar charts and traffic light-
colored for better visualization. Additionally, photos to show
soiling were handed out. Farmers were encouraged to compare
their individual results voluntarily and suggested measures for
improving the hygienic status in a chaired group discussion
afterward. Two years after the initial sampling, all farmers were
asked again whether they had changed their hygiene protocols
in the long-term consequence of the training.

Statistical data analysis

Descriptive statistics were performed with Excel 2016 (Microsoft,
Redmond, WA) by calculating percentages. The Wilcoxon
signed-rank test was used to estimate differences between
sampling points within each sampling technique, as well as
training effects comparing the results from the first and second
sampling. Correlations were revealed by the Spearman rank
correlation procedure of SAS 9.4 (SAS Institute Inc., Cary, NC).
The level of significance was set at P < 0.05, with P < 0.01 as
highly significant and P < 0.10 as a tendency.

Results

Critical points in hygiene

To identify critical points for the cleaning and disinfection of pig
fattening farms, the TVC results are presented (Table 3), which
are considered to be the gold standard for assessing hygienic
conditions. The greatest bacterial loads from TVC swab samples
were found for the nipple drinkers, feeding tubes (upside and
inside), and troughs (inside and outside) after the first sampling.
Entrance doors, back walls, side walls, slatted floors, and manure
areas showed the lowest bacterial loads after the first sampling.
The median values of total coliform counts (TCCs) fell below the
detection limit, except for feeding area, nipple drinkers, troughs
(outside), and feeding tube (inside), which indicate hygienic
problems in these areas. MRSA were predominantly detected on
the sampling points ceiling, manure area, nipple drinkers, trough
(inside and outside), manipulable materials, and inside feeding
tubes, with the lowest incidence on pen walls (Figure 1). Positive
findings for ESBL were detected in at least 40% of the tested
inner surfaces of feeding tubes, troughs, and nipple drinkers.
On window sills, no ESBL were detectable. For ATP and protein
residues obtained results were similar to TVC from swab samples.
Visual inspection resulted in highest scores for feeding tubes
(inside), troughs (outside and inside), and divergently to the other
results manipulable materials (1 and 2) and window sills. The
ACPs were not applicable for nipple drinkers and inner surfaces
of feeding tubes and could only be applied on flat surfaces.

Comparable to TVC results from swab samples, highest loads for
TVC ACP and DE ACP could be obtained for the upside surfaces
of feeding tubes. In contrast to TVC from swab samples high
bacterial loads were also found for feeding area, manipulable
materials (1 and 2), window sills and in case of TVC ACP for back
walls. The Enterobacteriaceae counts for VRBD ACP were generally
low, except for window sills. All farms showed high values for the
TVC in animal drinking water samples and varied between 4.5 to
6.11log,, cfu - mL" at the first sampling. Due to the dependence of
cleaning status on the sampled areas, no correlations between
roughness and cleaning status were calculated.

Comparison of methods

In the dataset of the first sampling, correlations could be found
between the different diagnostic methods (Figure 2). Methods are
compared with results from TVC of swab samples, which is the
commonly used practice for evaluation of hygienic conditions.
Aerobic TVC correlated with results from protein tests, ATP
residues, ACP, ESBL findings, and visual inspection. For visual
inspection, which is commonly used by farmers, correlations
with TVC, ATP, MRSA, and ESBL were calculated. Evaluation
of the surface roughness of the sample points resulted in
correlations with the protein rapid test (r = -0.31, P = 0.002), TVC
ACP (r = 0.30, P < 0.02), VRBD ACP (r = 0.42, P = 0.002), and DE
ACP (r = 0.29, P = 0.01). Fifty-five percent of the TVC ACP (n = 73)
and 48% of the DE ACP (n = 73) were overgrown or unreadable
due to dirt particles on the agar surface. For VRBD ACP, 8% were
unreadable (n = 52). For the TCC, 109 out of 168 samples were
below the lower detection limit (2.0 log,, cfu - mL* and 0.6 log,,
cfu - cm?, respectively) due to the sampling technique with
swabs. Consequently, the TCC and results from ACP were not
further considered.

Training effect

To evaluate the effect of training and improved hygiene
management, the results of the different sampling techniques
from the first and the second sampling were compared. Most of
the results from individual sampling locations for the TVC, ATP,
and protein residues showed a decrease with training (Figure 3).
A significant training effect in form of a reduction for the single
sampling locations between the first and second sampling
could only be obtained for the protein residues for one nipple
drinker (P < 0.01) and a tendency for ATP residues (P = 0.08) for
the nipple drinker. Another tendency was recorded for the TVC
of the entrance door which was higher at the first than at the
second sampling (P = 0.08). A decrease was found in tendency
for the TVC of the swab samples in general (P < 0.07) and the TVC
in water samples (P = 0.06) (Figure 4). The TVC for sock samples
decreased for all farms between the first and second sampling
(P = 0.002) (Figure 4) and for ATP (P < 0.01, not shown). Even
after training, the TVC for all water samples still exceeded the
recommended value for the microbiological quality of drinking
water. The findings for MRSA and ESBL decreased on all tested
farms with training (P < 0.02, respectively). Results for MRSA
and ESBL from farm 6 were not analyzable. For 3 out of 5 farms,
no MRSA could be detected at the second sampling and for 2
out of 5 farms, no ESBL was detected at the second sampling
(Figure 5). In the survey for long-term monitoring, farmers
that attended the training improved their awareness of critical
points for cleaning and disinfection and changed their hygiene
management protocols. All farmers regularly point out farm-
specific weak points in cleaning to their employees. Four out of
6 farmers reported an extended time for high-pressure cleaning.
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Entrance door (inside)

Back wall

Side wall

Ceiling

Slatted floor

Manure area

Feeding area

Feeding tube (upside)

Nipple drinkers

Trough (outside)

Trough (inside)

Manipulable material

Window sill

Feeding tube (inside)

MRSA positive findings, %

100 0 50 100

ESBL positive findings, %

Figure 1. Percentage of positive findings of methicillin-resistant Staphylococcus aureus (MRSA) and extended-spectrum p-lactamase-producing bacteria (ESBL) in relation
to the sampling points in pig stables (black = positive findings, gray = negative finding). Interpretation of the results should be considered with care, considering that

the number of the samples varied between 5 <n > 22.
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Figure 2. Spearman rank correlations (P < 0.05) for the different techniques
used to evaluate hygiene management on pig fattening farms at first sampling.
!Adenosine triphosphate (ATP) with swabs. ?Violet red bile dextrose (VRBD)
agar with agar contact plates (ACP). *Aerobic total viable count (TVC) with ACP.
“Dey Engley (DE) agar with ACP. *Aerobic TVC with swabs. Total coliform count
(TCC) with swabs. "Methcillin-resistant Staphylococcus aureus (MRSA) with swabs.
sExtended-spectrum f-lactamase-producing bacteria (ESBL) with swabs.

Discussion

Hygienic critical points

The results show that nipple drinkers must be considered one of
the most critical points in cleaning and disinfection procedures
as found for nipple drinkers in pig nursery units (Luyckx et al.,
2016). By measuring Enterobacteriaceae counts in pig finisher

farms, Mannion et al. (2007) showed that feeders and drinkers
are more contaminated after sanitation than floors, which
is comparable to these results. They suggest that feeders and
drinkers are resoiled during power-washing due to the splashing
of contaminated water. Gonzalez et al. (2015) demonstrated in
their study that the hygiene of feeders and drinkers is afflicted
with problems, which could be confirmed in the present
investigation. As a result of the insufficient cleaning of drinkers,
the analyzed livestock drinking water samples were highly
contaminated with bacteria. There is no legally determined
upper limit for TVC in livestock drinking water in European law.
In Germany, for the biological quality of animal drinking water,
a benchmark of 3.0 log, cfu - mL* at 37 °C or of 4.0 log,, cfu - mL*
at 20 °C is recommended by the Federal Ministry of Food and
Agriculture (Kamphues et al., 2007), which was exceeded all
analyzed samples (Figure 4B). Pathogenic bacteria from animals
of the previous batch can be easily transferred to newly arriving
pigs via water intake from insufficiently cleaned drinkers. In
a study that analyzed samples from 6 different pig farrow-
to-finish farms with ACP, contrary to our results, additionally
floors were critical points for cleaning and disinfection. In
comparison, wall segments were fairly cleaned and disinfected
(Vangroenweghe et al., 2009). The present study resulted in a
particularly high contamination of feeders and a lower soiling
of walls for TVC from swab samples. The results for the floor
differ from those of Vangroenweghe et al. (2009), possibly due to
the different sampling techniques. In general, sampling points
that are not just in view and require bending down or looking
up for visible inspection while cleaning and disinfection seem
to be often forgotten. When interpreting the results, it should
be considered that the sensitivity of the results is limited due to
the small sampled area. It is obvious that a strict cleaning and
disinfection protocol is necessary to maintain animal health;
however, there are only very few studies available on this topic.
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Figure 3. The effect of training the farmers of the pig fattening farms is shown
by the reduction (time 1, open squares; time 2, filled squares) for adenosine
triphosphate (ATP) (A), aerobic TVC (B) and protein values (C) for almost all
sampled areas.

The importance of effective cleaning and disinfecting as a
substantial step to avoid the carryover of Salmonella in livestock
has been demonstrated in several publications (Rose et al., 2000,
Carrique-Mas et al., 2009, Gautam et al., 2014; Martelli et al.,
2017). This effect can be applied to MRSA and ESBL, which
could be considered indicator organisms for resistant bacteria
in pig production (Schmithausen et al., 2018). In livestock
production, the occurrence of MRSA and ESBL depends, in
addition to antibiotic usage, on the amount of dust and feces,
and transmission via air to newly arriving pigs seems possible
(Venglovsky et al., 2011, Friese et al., 2012, Laube et al.,, 2013).
Therefore, appropriate hygiene lowers the risk of colonization
with resistant bacteria. In general, hygiene itself has already
been suggested as a critical control point for on-farm assessment
of pig livestock farms, with visual control at daily intervals (von-
Borell et al., 2001). As a part of this, the control of cleaning and
disinfection should be included. One possible suggestion is the
implementation of so-called hygienogram scores, as already
established in poultry farming, to improve routinely performed
cleaning and disinfection (Vangroenweghe et al. 2009). In poultry
production, hygienograms, which are generated by determining
the TVC with ACP, are sampled by a veterinarian or an official
body according to a determined protocol (Maertens et al., 2017).
The integration of a system similar to hygienogram scores in
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Figure 4. Development of aerobic TVC in swab samples (A), water samples
(B), and sock samples (C) from 6 different pig fattening farms before and after
training. On farm 2 no water sample was available during first sampling, because
water mains were switched off.

piggery farm management could possibly improve cleanliness
but needs to be further developed, especially considering that
greatest bacterial loads were found at sampling points where
ACP are not applicable (Table 2). A conceivable possibility would
be the combination of a visual inspection and rapid tests to
avoid the additional costs of a microbiological examination.
Microbiological tests could then be used in cases of recurring
health problems and severe illnesses.

Suitable measurement methods

Monitoring methods for sanitation and cleaning must be reliable
and sensitive (Turner et al., 2010). For monitoring in livestock
farming, excessive sensitiveness can be counterproductive because
of the high bacterial load that remains, despite proper sanitation.
For example, ACP seem less suitable for hygiene monitoring, even
if they did correlate with TVC. Most of the ACP were overgrown,
depending on the sampling location, or unreadable because of
adhering dirt or dust particles and were therefore excluded from
the second sampling. Luyckx et al. (2015) reported similar results
when using ACP in broiler houses. They found that ACP sampled
from before cleaning were overgrown and noted that enumeration
on ACP selective for E. coli allowed fewer countable results
compared with enumeration of swab samples. Additionally, ACP
are only usable on flat surfaces and are of limited use due to their
fixed shape. Rapid tests for ATP and protein are very attractive for
on-farm monitoring in contrast to microbiological swabs or ACP
because of their short duration. Classical cultural analysis can last
up to 72 h and requires high labor costs. Usually, after this time,
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the new production cycle on fattening farms has already started,
meaning it is too late for possible corrective actions. In this study,
the results from ATP tests gave highly significant correlations with
TVC, but users must be aware that ATP test reports represent more
than just remaining microorganisms. Additionally, organic soiling
from feed or feces may also lead to high ATP values, as ATP is an
energy carrier in all prokaryotic and eukaryotic cells (Sherlock
et al., 2009, Pistelok et al., 2016). The reliability of ATP tests depends
on possible residues of cleaning or disinfecting agents, which can
influence the results and lead to decreased or rarely decreased
RLU values (Green et al.,, 1999, Turner et al., 2010). For routine
use of rapid ATP tests, a pass or fail benchmark must be set by
the user to allow a correct interpretation of the hygienic status.
Other authors have specified that ATP tests have the advantage of
more objective information than visual control (Luyckx et al., 2015),
which also applies to the protein test; however, due to the costs per
test, ~2.90 Euro, it is questionable whether farmers are willing to
pay for performance monitoring. Other studies from the hospital
sector have shown that visual feedback from rapid tests to the staff
increases the thoroughness of cleaning (Goodman et al., 2008),
which is possibly transferrable to routinely performed hygiene
training for personnel in animal production. Comparing ATP and
protein rapid tests, ATP tests better reflect subtle differences than
protein tests, in which only roughly different color graduations can
be recognized visually.

Training effect

A training effect could be observed when comparing the results
from the first sampling with the second sampling. The values
for TVC, ATP, and protein residues decreased numerical for
almost all sampled areas. Especially for flat surfaces, such as
walls, floors, and the inner surface of the troughs, the TVC value
dropped below 3 log, cfu - cm?, which could be seen as a general
target value in the prophylactic disinfection in animal houses,

depending on the type of material (Bohm, 1998). However, the
suitability of the target value is limited to sample points with
a defined surface area and is not suitable for sock samples. To
define a target value for sock samples, further investigations are
needed. Only 2 out of 6 farmers in our study used detergent for
cleaning, while the others cleaned the stables with water and
high pressure only. By training, farmers should be made aware
that cleaning with detergents prepares stables optimally for
subsequent disinfection (Hancox etal.,2013).Toimprove hygienic
conditions on farms and enhance animal health, changes in
the attitude toward management practices are fundamental
(Becton, 2006, Gleeson and Collins, 2015). To convince farmers
of the importance of proper hygiene management, persuasive
arguments are needed, which should include not only economic
aspects such as greater productivity but also the improvement
of animal welfare (Pastorelli, 2012, Banhazi and Santhanam,
2013, Le Floc'h et al., 2014, Gosling, 2018). Time is a key factor
that influences the thoroughness of cleaning and disinfection,
which emphasizes the importance of knowledge of farm-
specific weak points in sanitation (Gosling, 2014). A possibility
for improving hygiene management could be the development
of a farm-specific hygiene protocol in consultation with a
supervising veterinarian; with this protocol, the individual
work would be checked off by the individual carrying out the
work, similar to already existing protocols in the food industry
known as the control of self-monitoring. A regular in-house
training, perhaps guided by a specific consultant and with a
possible turnaround of once a year, represents a conceivable
opportunity for improvement. Correct and successful cleaning
and disinfection always rely on the proficiency of the person
performing the work (Carrique-Mas et al., 2009, Martelli et al.,
2017, Gosling, 2018). Targeted training with monitoring results
can help to increase efficiency and prevent from becoming
inattentive due to routine. An alternative for improving sanitary



status lies in outsourcing to professional cleaning contractors,
as is common in poultry production. In several studies, cleaning
and disinfection performed by professional cleaning companies
was better than that by farm staff (Vangroenweghe et al., 2009,
Maertens et al., 2017). Rapid tests may help farmers monitor
the performance of professional cleaning companies. This
question should be clarified in further studies. In conclusion, the
awareness of the importance of hygiene in livestock production
should be enhanced. The results of this study supported
the long-term objective to enable farmers developing farm-
specific solutions and continuously improving their hygiene
management by providing monitoring methods and suggestions
for the training.

Supplementary Data

Supplementary data are available at Journal of Animal Science
online.
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