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Abstract
Background  Cleaning and disinfection (C&D) in slaughterhouses and meat processing facilities is essential to avoid 
cross-contamination of the meat and thereby prevent food-borne illness and decreased shelf-life of the food product. 
To determine C&D efficacy, environmental monitoring should be performed. The food business operator must decide 
which activities to apply in their facility, which can be a challenging task. Ten slaughterhouses, six red meat and four 
poultry, with associated meat processing facilities participated in this interview study. The animals slaughtered in 
these slaughterhouses represented approximately 32% and 90% of the annual slaughter in Sweden, respectively. 
Quality assurance managers of the slaughterhouses were asked 27 questions using digital interviews about their C&D 
procedures and environmental monitoring. Additionally, the managers could freely elaborate on the difficulties and 
challenges related to C&D.

Results  Daily C&D was performed in all slaughterhouses and nine hired external cleaning companies. The same 
type of chemicals were used in all ten slaughterhouses, which primarily included alkaline detergents with or without 
chlorine for cleaning and chlorine-based agents for disinfection. The most common methods used for monitoring 
C&D efficacy were the sampling of surfaces by dipslides and ATP-bioluminescence, while one slaughterhouse used 
swabbing. Only half of the slaughterhouses based thresholds to determine if a surface was sufficiently clean on their 
own risk-analysis. The remaining slaughterhouses did not provide the information, or the respondent did not know. 
Quality assurance managers expressed difficulties in determining C&D efficacy, identified several surfaces as difficult 
to clean and noted reliance on externally provided hygiene thresholds. Four thematic challenges emerged in the 
thematic analysis: microbial composition on surfaces; efficacy of C&D procedures; competence and management; 
and production and competitiveness.

Conclusions  Slaughterhouses face notable challenges in C&D, and environmental monitoring, including procedural 
deficiencies, knowledge gaps, and limited science-based guidelines. Hygiene outcomes are strongly influenced by 
personnel competence and management support. Limited collaboration between slaughterhouses further impedes 
the sharing of effective practices. Strengthened partnerships with the scientific community, improved training, 
risk-based monitoring, and hygienic facility design are essential to enhance C&D standards and reduce microbial 
contamination risks at slaughterhouses and meat processing facilities.
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Background
Adequate cleaning and disinfection (C&D) in slaughter-
houses is essential to prevent cross-contamination of the 
meat with pathogenic and food spoilage microorganisms. 
According to EU legislation, slaughterhouses must clean 
and disinfect their facilities and equipment, however, 
it does not specify how and when the C&D procedure 
should be performed and monitored [1]. The slaughter-
house hygiene management is governed by standardised 
operational procedures. These are typically formulated by 
the facility’s quality assurance unit, approved by relevant 
regulatory authorities, and subject to validation through 
internal quality control systems. The procedures are 
formally documented and maintained in a manner that 
allows for external auditing, ensuring compliance with 
national and international standards. General steps of 
C&D are described in international and national guide-
lines, but detailed recommendations about e.g. selec-
tion of chemical products, concentration, and contact 
times are generally missing [2, 3]. Consequently, the food 
business operator (FBO) must decide how to perform 
the C&D procedure. They often refer to recommenda-
tions provided by the manufacturer of the C&D prod-
ucts. While these recommendations are typically based 
on standardised methods developed in laboratories, they 
may not fully account for the complex and variable con-
ditions in real-world food processing environment [4, 5].

Commonly used detergents in slaughterhouses and 
meat processing premises are alkaline compounds with 
or without chlorine, acids, and enzyme-based chemi-
cals [6–9]. For disinfection, quaternary ammonium 
compounds (QACs), chlorine-based compounds, acidic 
agents, and alcohols (i.e. ethanol and isopropyl alcohol) 
are commonly used [7–10].

The efficacy of the C&D procedures should be evalu-
ated through appropriate environmental monitoring 
activities [2, 11], including initial visual inspection of 
surface cleanliness, followed by sampling of surfaces, i.e. 
tables, conveyor belts, machines, and drains [3, 12]. Vari-
ous diagnostic methods are used, such as dipslides, ATP-
bioluminescence, sampling of rinse water, and swabbing 
with a sponge or swab [13, 14]. Common hygiene indi-
cators used to assess the C&D efficacy are, for example, 
total aerobic microorganisms, Escherichia coli (E. coli), 
Enterobacterales, yeasts, and moulds [15, 16]. In addi-
tion to sampling aimed at quantifying these hygiene indi-
cators, sampling is also conducted to detect pathogenic 
bacteria such as Listeria monocytogenes (L. monocyto-
genes) and Campylobacter spp [12, 17]. It may be chal-
lenging for FBOs to evaluate the results from bacterial 

analyses as there are no thresholds included in the cur-
rent legislation or guidelines. Ideally, thresholds should 
be based on trends in the number of bacteria on surfaces 
over time [16, 18].

Several pathogenic bacteria can be transmitted when 
meat encounters contaminated surfaces, e.g. Campylo-
bacter, Salmonella, Shiga toxin-producing E. coli (STEC), 
L. monocytogenes, and Yersinia [17, 19–21]. Moreover, 
non-pathogenic meat spoilage bacteria being present on 
meat products may decrease shelf-life and increase food 
waste [22]. Contamination of bacteria on the meat not 
only constitutes a public health risk but can also cause 
economic losses for the FBOs. This is particularly prob-
lematic when bacteria can produce biofilm, i.e. L. mono-
cytogenes or spoilage bacteria, such as Acinetobacter spp., 
which protects pathogenic and food spoilage bacteria 
from chemical agents, heat, and desiccation [23, 24]. 
Once biofilm-producing bacteria become established 
within a facility, they are difficult to eliminate using com-
mon C&D routines [25].

The selection of appropriate C&D activities is crucial 
in food establishments, notably in slaughterhouses as the 
surfaces become heavily contaminated on a daily basis. In 
Swedish slaughterhouses, the quality assurance managers 
are typically responsible for selecting C&D procedures 
and monitoring activities, which is a challenging task 
because limited research studies elaborate on this topic. 
The aims of this study were to explore how the daily post-
operational C&D procedures and environmental moni-
toring are implemented in the largest slaughterhouses 
and their associated meat processing facilities in Swe-
den, and subsequently identify key challenges related to 
implementation of C&D procedures.

Methods
Selection of slaughterhouses
This descriptive study was performed using structured 
interviews with quality assurance managers at Swedish 
slaughterhouses slaughtering poultry, cattle, swine, or 
sheep with associated meat processing facilities. A list 
consisting of all red meat slaughterhouses was obtained 
from the Swedish Food Agency, and a corresponding list 
of the largest poultry slaughterhouses in Sweden was 
provided by the Swedish Meat Poultry Association. These 
lists included 21 red meat slaughterhouses and four poul-
try slaughterhouses. The selection criteria were that there 
was daily slaughter and that the slaughterhouses were 
subjected to daily official controls by official veterinar-
ians and auxiliaries. The controls included inspections 
of the animals before and after slaughter, animal welfare, 

Keywords  Cleaning efficacy, Food safety, Post-operational cleaning, Quality control, Slaughterhouse hygiene, 
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hygiene routines, animal waste, and Hazard Analysis and 
Critical Control Points (HACCP). The quality assurance 
managers of 25 slaughterhouses were contacted through 
either email or telephone, were informed about the study, 
and asked if they would be willing to participate anony-
mously. They were also informed that they could with-
draw from the study at any point. Seven slaughterhouses 
either did not respond or answered that they were inter-
ested in participating but later, beyond the study period 
and were therefore excluded. Eight slaughterhouses 
declined to participate, with the most frequently stated 
reason being lack of time. A total of ten slaughterhouses 
(six predominantly slaughtering cattle and/or pigs and 
four slaughtering poultry) consented to participate in the 
study.

Data collection and analyses
The interviews were conducted digitally (Zoom Video 
Communications, Inc.), using a questionnaire comprised 
of 27 questions (see Additional file 1) targeting quality 
assurance managers and cleaning managers. The ques-
tionnaire was developed by the research group, with 
input from a reference group that included representa-
tives from the Swedish Meat Poultry Association and the 
Swedish Food Agency. The questions focused on C&D 
procedures carried out by the slaughterhouses, including 
the main C&D products being used, and environmental 
monitoring activities conducted to evaluate C&D effi-
cacy, with the focus on surface samplings. Each interview 
was expected to take approximately 1.5  h. The quality 
assurance managers were invited to complement with 
complementary information by e-mail after the inter-
views. The interviews were conducted by the first author 
and the responses were recorded in a Word document 
during the interview. Following the interviews, the data 
were reviewed for consistency and clarity. In instances of 
missing or unclear information, interviewees were con-
tacted for clarification.

The results are presented in two sections, the first sec-
tion regarding C&D procedures and environmental mon-
itoring are presented descriptively. The second section, 
“Themes on difficulties and challenges related to cleaning 
and disinfection” was based on a thematic analysis. The-
matic analysis was used to identify and interpret patterns 
and themes in the interview data. The process followed 
a structured and sequential approach, and is described 
as a systematic thematic analysis, which is an approach 
commonly used within qualitative research, including 
health-related research [26, 27]. The four steps applied 
in the thematic analysis were (1) transcription, famil-
iarisation with the data, and selection of quotations; (2) 
identification of keywords; (3) coding of the data; and 
(4) theme development. Key words were identified in the 
quotations, and common codes were generated based 

on shared characteristics by the first author. These codes 
were then organised into preliminary themes, which 
were reviewed and refined, by the entire research team, 
to ensure they accurately represented the data. This 
approach enabled a detailed interpretation of how qual-
ity assurance staff at slaughterhouses perceive challenges 
and routines related to C&D.

Results
Included slaughterhouses
All four invited poultry slaughterhouses agreed to partici-
pate in the study. However, only ten (29%) of the red meat 
slaughterhouses participated. The most stated reason for 
not participating was lack of time, and it was mainly the 
slaughterhouses with the lowest production volumes that 
declined. Four of the included red meat slaughterhouses 
slaughtered between 50 and 500 animals/day, and two 
between 1,500 and 2,000 animals/day (Table 1). Together, 
these slaughterhouses accounted for 32% of the total 
number of slaughtered cattle, pigs, sheep, and horses 
annually in Sweden. The four included poultry slaughter-
houses slaughtered between 50,000 and 250,000 animals/
day, representing at least 90% of all chickens slaughtered 
annually in Sweden [28].

Cleaning and disinfection procedures
In all slaughterhouses, post-operational C&D were per-
formed once daily after slaughter and meat processing 
were completed, independently of the number of work-
ing shifts. All but one poultry slaughterhouse hired an 
external company for C&D (Table  2). In this particular 
slaughterhouse C&D were performed by staff members 
exclusively engaged in C&D activities. All slaughter-
houses used alkaline detergents with or without chlorine 
at low concentrations (2–5%), applied with a low-pres-
sure system.

Almost all (90%) of the slaughterhouses alternated 
alkaline with acidic agents during cleaning. The contact 
time for detergents varied between 10 and 30 min in all 
slaughterhouses except one. That slaughterhouse fol-
lowed the manufacturer’s recommendation of a shorter 
contact time (5 min). The temperature of the water used 
for cleaning ranged from 20 to 55 °C. Most (80%) of the 
slaughterhouses used chlorine-based agents in the disin-
fection process, which were applied using low-pressure 
systems. There was a larger variation in the disinfec-
tants used compared with the detergents, which could 
explain the wider variation in concentration (0.1–5.1%) 
and water temperature (10–55 °C). Within all slaughter-
houses, the contact time was the same for disinfectants as 
for detergents. None of the slaughterhouses used QACs 
and the majority of managers mentioned that surfaces 
were not always dry in the morning prior to the start of 
production.
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Environmental monitoring
There was a considerable variation in the number of ani-
mals slaughtered at each slaughterhouse (Table 1). Visual 
inspection of hygiene status was carried out following 
cleaning by staff from the cleaning company. In addition, 
visual inspection was also performed by slaughterhouse 
personnel in the morning prior to the commencement of 
production.

To monitor environmental cleanliness after C&D, only 
one slaughterhouse used swabbing and analyses of total 
aerobic bacteria. The majority of the slaughterhouses 
regularly used dipslides (80%) and ATP-bioluminescence 
(70%), and half of the slaughterhouses used a combination 
of these two methods. Only half of the slaughterhouses 
applied bacterial thresholds based on risk analysis, while 
the remaining slaughterhouses either did not provide the 
information, or the respondent did not know (Table  1). 
Almost all (90%) of the slaughterhouses included moni-
tored Listeria spp. using swabs in their floor drains. Half 
of the slaughterhouses mentioned that they had detected 
Listeria spp. in their drains. Occasionally chlorine tablets 
were added to the drains to prevent bacterial growth.

Surfaces mentioned as difficult to clean by at least 
two quality assurance managers included cutting tools, 
organ tables, machine interiors, conveyor belts, dehair-
ing scrapers, platforms, and a singeing machine (used 
for burning the carcass surface). Half of the slaughter-
houses relied on the thresholds provided by the external 
laboratories who analysed the samples, or by suppliers 
or manufacturers of the sampling materials, instead of 
establishing their own thresholds based on internal risk 
analysis.

Themes on difficulties and challenges related to cleaning 
and disinfection
In the thematic analysis, four key themes were identified 
that addressed knowledge gaps in microbial composition 
on surfaces; efficacy of C&D procedures and the role of 
scientific advice within the C&D context; staff compe-
tence and management; and challenges related to pro-
duction and competitiveness. The themes are presented 
below.

Theme 1: Microbial composition on surfaces
Several quality assurance managers were interested in 
mapping the in-house microbiota of their premises and 
some expressed that they were unable to find laboratories 
that could perform these types of analysis. They wanted 
to know which bacteria were present on surfaces. One 
quality assurance manager stated: “It would be interesting 
to investigate specific bacteria causing spoilage and how 
to eliminate them. We would like to avoid building up a 
house flora, including Pseudomonas.” Other questions 
that were raised by the managers were: “Do we take too 

few samples?” and “When we see a trend in elevated moni-
toring results, are we doing the right thing?”.

Theme 2: Efficacy of C&D procedures
Almost half of the quality assurance managers wanted 
to know if the C&D procedures applied in their facilities 
were the most efficient. One manager said: “We want to 
know if the cleaning and disinfection products and meth-
ods we use are the most appropriate or if there are other 
more efficient methods available.” Another manager 
stated: “We would like to verify the efficacy of our clean-
ing and disinfection procedures.” In addition, the quality 
assurance managers wanted to gain support from sci-
entists and there was a perceived lack of science-based 
guidelines. One manager stated: “It would be nice to have 
guidelines based on science. We would like to get help from 
experts.” Another manager remarked: “What affects the 
production of biofilm? How much does the surface mate-
rial influence?”

Theme 3: Competence and management
To assess the performance of the external cleaning com-
panies, certain slaughterhouses demanded that 95% of 
the surfaces should be acceptably clean, according to 
their thresholds for cleanliness. Half of the slaughter-
houses had changed their cleaning company over the last 
five years. The reason for this was that they were unsat-
isfied with the C&D results. Certain slaughterhouses 
highlighted the importance of the competence of the 
cleaning personnel and that it can be difficult to find suf-
ficiently skilled personnel. Good leadership and manage-
ment at the slaughterhouses were also acknowledged as 
fundamental as it is at this level that resources for C&D 
procedures and environmental monitoring are decided: 
“Leadership and management are important.” and “It is 
hard to find the right management.” Approximately half of 
the quality assurance managers had completed university 
studies within biological sciences. One respondent had a 
technical background, and another had only received in-
house training, entering the role through a family busi-
ness connection.

Theme 4: Production and competitiveness
Several quality assurance managers expressed a lack 
of communication regarding C&D practices between 
slaughterhouses which do not belong to the same com-
pany. One manager said: “It would be interesting to know 
how they clean and disinfect other slaughterhouses. What 
cleaning and sampling methods do they use and what 
results and challenges do they have?” Another manager 
mentioned: “It would be nice to get support and ideas on 
how to do things differently, to share knowledge.” Some 
managers stated competition as the reason for the lack of 
communication between slaughterhouses. One manager 
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stated: “The feathers are squeezed under the conveyor 
belts, and they have to be taken apart regularly in order 
to clean the belts properly. Hygienic design has been for-
gotten by the manufacturers, they do not have cleaning in 
mind, just production.”

Discussion
This study focused on post-operational C&D, which was 
performed daily at all included slaughterhouses and com-
plemented additional cleaning during operation. All but 
one of the participating slaughterhouses hired an external 
company to perform daily post-operational C&D. This is 
not surprising, as most slaughterhouses reported having 
insufficient knowledge of the most efficient C&D proce-
dures. The slaughterhouse that performed C&D with its 
own staff was the poultry slaughterhouse with the highest 
slaughter volume. It might be that it is difficult for slaugh-
terhouses to have enough capacity and skills to conduct 
their own C&D. However, it was reported that half of the 
slaughterhouses had changed their cleaning company 
over the last five years as they were unsatisfied with the 
C&D results. This highlights the need for science-based 
guidelines for those performing C&D at slaughterhouses.

All four invited poultry slaughterhouses agreed to par-
ticipate in the study. In contrast, there was a high drop 
out of the invited red meat slaughterhouse (15 out of 25). 
It was mainly the smaller red meat slaughterhouses that 
dropped out and the stated reason was lack of time as 
there was often only one person at these slaughterhouses 
that worked with hygiene and environmental monitoring. 
There is no reason to believe that the red meat slaughter-
houses that chose not to participate were better or worse 
compared to the slaughterhouses that were included in 
the study. None of the slaughterhouses included in the 
study used QACs, which was surprising as these com-
pounds are widely used in both poultry and red meat 
slaughterhouses in other countries [7–9, 29]. However, 
the use of sodium hypochlorite instead of QAC may be 
favourable, considering that biofilm and planktonic cells 
of L. monocytogenes show higher resistance to QACs 
[30]. Furthermore, QACs are known to be less efficient 
against Gram-negative bacteria [31]. All slaughterhouses 
used low-pressure systems when performing C&D. This 
is according to standard as high-pressure systems are not 
recommended in heavily soiled facilities such as slaugh-
terhouses due to the high pressure efficiently spread soil 
with microorganisms in the surrounding environment 
[32]. In addition, the concentration of detergents and 
disinfectants was in the lower range of what was rec-
ommended, which is expected as higher concentrations 
could be hazardous to workers [32].

In the present study, dipslides measuring total aerobic 
count and ATP-bioluminescence were mainly used for 
environmental monitoring, separately or in combination. 

Each sampling method has its advantages and disadvan-
tages. For instance, dipslides are easy to use and require 
minimum labour, but have a low sensitivity, and have to 
be incubated for 48 h [14]. ATP-bioluminescence is also 
easy to use and provides results within seconds, how-
ever, it does not only detect the number of bacterial cells 
as it also measures cells from organic material such as 
blood cells and fat, which can affect the accuracy of the 
results [30]. A suggestion could therefore be to validate 
dipslides and ATP assays using swab samples [14], and 
to alternate between these two methods, as 50% of the 
slaughterhouses did in the present study. Only half of 
the participating slaughterhouses reported using bacte-
rial thresholds informed by their own risk analysis, while 
the remainder either did not provide this information or 
were unsure. This lack of clarity indicates that the imple-
mentation of risk-based criteria for microbial monitoring 
may be inconsistent across facilities. Given that the use 
of thresholds derived from in-house risk analyses is con-
sidered best practice for targeted and effective hygiene 
control, these results highlight a need for improved doc-
umentation, awareness, and application of risk-based 
approaches within the sector.

If thresholds are derived solely from recommenda-
tions by external companies, rather than the FBO’s own 
risk analysis, there may be an increased risk of applying 
thresholds that are inappropriate for the in-house micro-
biota, specific surface or point in the production line. 
There was no specific question on whether the slaugh-
terhouses checked for trends in the results. However, one 
slaughterhouse mentioned that they did not know what 
to do when they observed a negative trend in the envi-
ronmental monitoring results. It is essential that quality 
assurance managers act upon increased bacterial counts 
on surfaces after C&D to prevent cross-contamination 
[11].

Nine out of ten participating slaughterhouses included 
analyses for Listeria spp. in their environmental monitor-
ing, particularly since some of them also produced ready-
to-eat (RTE) meat product. This practise aligns with EU 
legislation, which states that facilities producing RTE 
products must monitor the production environment for 
L. monocytogenes [12]. However, some of the included 
slaughterhouses had implemented measures to control 
Listeria spp. also in cases where RTE products were not 
produced. This reflects a broader awareness of the chal-
lenges associated with L. monocytogenes.

The quality assurance managers mentioned sev-
eral surfaces in the slaughterhouses that were difficult 
to clean. This was supported by other studies show-
ing that, for example, conveyor belts, dehairing equip-
ment, and cutting tools are challenging to clean [9, 33, 
34]. For plastic surfaces such as conveyor belts, a plau-
sible explanation for difficulties in cleaning could be the 
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pronounced bacterial adhesion that has been observed 
on plastic, which often develops scratches on the sur-
faces over time [35]. Although drains are non-food con-
tact surfaces, they are recognised as important points for 
environmental sampling due to their role as a reservoir 
for pathogens, such as L. monocytogenes which is known 
to persist in drains for several months and even years [36, 
37]. While splash or aerosol formation during washing 
can contribute to environmental spread of bacteria [38], 
the primary rationale for sampling drains lies in their 
function as sentinel sites for pathogen detection, provid-
ing a comprehensive indication of the facility’s overall 
hygiene status and potential contamination risks.

Another issue that affects microorganisms on surfaces 
is the high humidity at the slaughterhouse. Most quality 
assurance managers mentioned that surfaces were not 
dry in the morning before the start of production. It is 
imperative that surfaces are provided the opportunity to 
dry after C&D to avoid growth and survival of microor-
ganisms [39]. To enhance the drying of surfaces, half of 
the slaughterhouses used forced ventilation after C&D. 
Forced ventilation is an efficient way to dry surfaces, 
however it is a costly investment [17].

Several of the quality assurance managers represent-
ing the slaughterhouses mentioned that they had insuffi-
cient knowledge of which C&D procedures would be the 
most efficient in their slaughterhouse. These are relevant 
concerns as it is challenging to compare procedures and 
determine all the variables to take into consideration. 
Most commonly, determination of the efficacy of dif-
ferent chemicals against various bacteria are performed 
in laboratory as opposed to real-life settings [40–42]. 
Understanding the industry’s perceived challenges 
related to C&D routines is essential for effectively trans-
lating findings from laboratory studies into real-world 
applications. The comments regarding perceived lack of 
science-based guidelines are concerning, as they high-
light difficulties in knowledge transfer between the scien-
tific community and the food industry [43].

Some quality assurance managers expressed interest 
in exchanging experiences related to C&D, with assur-
ance managers at other slaughterhouses. These kinds 
of discussions could be important before implement-
ing a new sampling plan, particularly when establishing 
thresholds to determine whether a surface is acceptably 
clean. Bacterial thresholds should be clearly defined and 
accompanied by appropriate corrective actions if they are 
not met [12]. Although slaughterhouses may collaborate 
in certain areas related to production, this might not be 
the case for C&D. The slaughterhouses, while operat-
ing within the same sector, are commercial competitors, 
which may limit openness and knowledge exchange on 
topics perceived as closely linked to internal quality con-
trol practices. Furthermore, C&D may not be prioritised 

to the same extent as core production activities, which 
could contribute to fewer structured discussions or joint 
initiatives in this area. These factors may explain why 
the type of dialogue necessary for establishing shared or 
improved C&D sampling strategies and thresholds was 
not reported by the respondents.

Thematic analysis was chosen as the analytical 
approach for the qualitative part of this study to allow 
for a systematic and transparent interpretation of the 
interview data [26, 27]. This method enabled the identi-
fication and organisation of recurring patterns related to 
perceived challenges in C&D procedures among quality 
assurance staff. By using this approach, we were able to 
capture both individual and shared perspectives across 
slaughterhouses, thereby facilitating a comprehensive 
understanding of the data and strengthening the connec-
tion between data collected using questionnaire and final 
conclusions.

Conclusions
This study explored challenges related to C&D, and envi-
ronmental monitoring practices in slaughterhouses and 
meat processing facilities. Although post-operational 
daily C&D routines were in place across all participat-
ing FBOs, the results indicate variations in procedures, 
chemical usage, and monitoring strategies. Quality 
assurance managers described uncertainties related to 
microbial composition on surfaces, the efficacy of C&D 
protocols, and the availability of science-based guide-
lines. The competence of cleaning personnel and the level 
of managerial engagement were frequently mentioned 
as factors perceived to influence C&D outcomes. Addi-
tionally, there was limited exchange of experiences spe-
cifically related to C&D reported. Further consideration 
of training, hygienic design, and risk-based monitoring 
thresholds may contribute to improved implementation 
and consistency of C&D practises.
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