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Abstract: Major efforts have been made by veterinary professionals to reduce the need for antibiotic
use in animals. An online survey launched by the Federation of Veterinarians of Europe (FVE)
aimed to gather responses from practicing veterinarians with field experience in metaphylactic
livestock group treatment. Only 17% of all veterinarians (n = 183/1087, all species-specific responses
merged) applied metaphylactic group treatments to 75% or more of all their treatments. Significantly
less metaphylactic group treatments were reported in mixed practices (p = 0.002) and practices
specialized in cattle (p < 0.001) as well as small (p = 0.007) and very small practices (p = 0.009). Gram-
negative bacteria, mostly composed of Enterobacteriaceae and Pasteurellaceae, were considered by 75.3%
(n = 967/1385) as the most devastating bacterial pathogens. Respondents alleged morbidity (20.1%,
n = 201/998) and mortality (42.2%, n = 421/998) as major consequences for animal health and welfare
if metaphylaxis would be banned. Responding veterinarians pointed towards vaccinations; improved
biosecurity, including hygiene measures; and improved herd health management as the three most
effective alternative measures to prevent metaphylactic treatment. However, more research is needed
on how to implement appropriate alternatives in a holistic hurdle approach. Active support on a
national level will be necessary for the development and application of targeted veterinary treatment
guidelines for practitioners, which promote the understanding of drivers and include initiation
criteria for metaphylactic group treatments in livestock.

Keywords: antibiotics; metaphylaxis; antimicrobial resistance; alternative therapy options

1. Introduction

Major efforts have been made by the veterinary professionals and auxiliary animal
health professionals to reduce the need for antibiotic use in farmed animals, resulting
in a 43.2% decrease of antimicrobial veterinary products sales in the European Union
(EU) between 2011 and 2020 [1]. However, animals can become sick even under the
best rearing conditions and may need to be treated with antibiotics [2]. The term group
treatment encompasses both prophylaxis and metaphylaxis. Prophylaxis is defined as the
administration of a veterinary medicinal product (VMP) to an animal or group of animals
before clinical signs of a disease, to prevent the occurrence of disease or infection [3]. In
contrast, metaphylaxis is defined as the administration of a VMP to a group of animals
after a diagnosis of clinical disease in part of the group has been established, with the aim
of treating the clinically sick animals and controlling the spread of the disease to animals
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in close contact and at-risk and which may already be subclinically infected [4]. The new
Regulation (EU) 2019/6 states that ‘Antimicrobial medicinal products shall be used for
metaphylaxis only when the risk of spread of an infection or of an infectious disease in the
group of animals is high and when no other appropriate alternatives are available’ [5].

Today’s livestock husbandry practices include the rearing of animals for food produc-
tion in groups of similar-aged individuals, often stemming from different litters on farm or
even origins. Though all major farmed animals are gregarious, weaning represents a major
stressor and subsequent (intra- or inter-farm) transport followed by regrouping adds to
this, especially for calves. Some studies demonstrated that metaphylaxis in commercially
reared cattle and pig holdings was most often implemented after weaning, transportation,
and co-mingling, as these periods of stress are often followed by disease [6–8]. The an-
tibiotic sales data mirror these findings as they represent a surrogate measure for animal
group medications. The European Surveillance of Veterinary Antimicrobial Consumption
(ESVAC) 2021 report revealed that 86.9% of the antimicrobial products sold for veterinary
care in Europe were products suitable for group treatment i.e., oral powders, oral solutions,
and premixes [1]. While ESVAC does not classify injectable antibiotics as suitable for group
treatment, long-acting injectable antibiotics can also be used for metaphylaxis, particularly
for suckling piglets and veal calves.

Overall, there is a lack of quantitative real-world data on objectives, drivers, most
common conditions, and specific criteria on when and how metaphylaxis is applied in
European livestock (referring in this paper to cattle, small ruminants, pigs, lagomorpha
and poultry) as well as alternatives thereof. Metaphylaxis is initiated typically when
several animals within a group display clinical manifestation and subsequent diagnosis
of an infectious disease. European national action plans, such as the Belgian action plan,
stipulated by the Belgian knowledge centre on antibiotic use and resistance in animals
(AMCRA), already guide the decision to initiate metaphylactic treatment based on different
criteria and knowledge of the type/s of pathogens involved or results of antimicrobial
susceptibility testing (AST) [9]. While studies demonstrated metaphylaxis to be a successful
method for reducing morbidity and mortality, group treatment of animals with antibiotics
also harbors risks. Antibiotic mis- and overuse in animals were identified as the main
driving forces behind the development of antimicrobial resistance (AMR) in bacteria [10,11].
Metaphylactic treatment with antibiotics has a significant impact on the development of
AMR [12,13]. Checkley et al. (2010) found an association between the use of oxytetracycline,
either in feed or as an injectable, with the development of resistance in fecal Escherichia coli
in feedlot cattle [12]. Mazurek et al. (2015) also used commensal E. coli as an indicator
bacterium for AMR development and found a strong association between resistance and
metaphylactic trimethoprim and sulfamethoxazole use in pigs [13]. Therefore, antibiotic
stewardship, and measures to reduce the need to treat farmed animals with antibiotics aim
at improved animal welfare, nutrition, genetics, and better use of biosecurity, including
hygiene measures and vaccination schemes [14–16]. Moreover, coaching strategies such
as guided interventions as a joint effort of pig farmers and their herd veterinarian/other
advisors have shown to be a promising tool in the reduction of antimicrobial use (AMU) [17].
Research into alternatives to antibiotics is also well underway, including pre- and probiotics
and bacteriophages [18–21]. Nevertheless, metaphylactic treatment with antibiotics is
considered to be an indispensable tool for veterinarians under certain conditions. The
aim of this survey was to collect representative information from veterinary practice on
drivers and most common settings of metaphylaxis in livestock, including bacterial species
and clinical conditions per animal species at different production stages. In addition,
consequences on animal health and welfare as well as most promising alternative therapy
options for metaphylactic treatment were explored.

2. Results

A total of 714 responses were received, of which 662 responses met the inclusion crite-
ria (i.e., veterinarians working with terrestrial livestock and/or poultry). Geographically,
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most responding veterinarians were working in Spain (n = 227, 34.3%), followed by France
(n = 108, 16.3%), Germany (n = 61, 9.2%), Hungary (n = 46, 7%), the Netherlands (n = 42,
6.3%), and Poland (n = 35, 5.3%). The majority of responding veterinarians worked in a
mixed practice (n = 241, 36.4%), followed by veterinarians working in practices specialized
in cattle (n = 166, 25.1%) and pigs (n = 141, 21.3%). Most had ≥25 years of experience
(n = 271, 41%) and only a minority of the responding veterinarians had ≤5 years of expe-
rience (n = 54, 8.2%), while the number of veterinarians with 6–15 years of experience
(n = 178, 24%) was relatively similar to those with 16–25 years of experience (n = 159, 26.9%).
Veterinary practices were categorized into four sizes: very small with 1–3 veterinarians
working in the practice, small with 4–6 veterinarians, medium with 7–9 veterinarians,
and large with 10 or more veterinarians. With the exception of practices specialized in
cuniculture, most responding veterinarians worked in very small practices (n = 332, 49%).
Practices specialized in cuniculture were mostly small practices (n = 4, 50%). Table S1
details the demographic features and Table S2 the complete questionnaire (Q1–Q9).

Metaphylactic Treatment Conditions
Percentage of Metaphylactic or Group Treatments

Veterinarians indicating that more than 75% of their treatments were metaphylaxis,
did this significantly less often (p < 0.001) for cattle than for other livestock (Figure 1). The
logistic regression model confirmed this, as veterinarians who indicated that metaphylaxis
made up more than 75% of their treatments, worked significantly less often in mixed
practices (p = 0.00165) and practices specialized in cattle (p < 0.001), as well as in small
(p = 0.007) and very small practices (p = 0.009). The logistic regression showed neither that
the country of residence nor the experience significantly influenced the use of metaphylaxis
of responding veterinarians.
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Figure 1. Quantitative metaphylaxis use per species in absolute numbers (inside the bars) and in per
cent (x-axis) based on n = 1087 survey responses to Q6 (multiple answers possible, all species-specific
responses merged) in six categories: Very low (<25%), Low (>25%), Medium (>50%), High (>75%),
Very high (>90%).

Veterinarians, asked when they make the decision to apply metaphylactic treatment,
replied that it was equally dependent on the severity of disease, the capacity of the disease
to spread, and further laboratory testing. No significant differences were detected in the
decision-making to initiate metaphylactic treatment per practice type (Table 1).
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Table 1. Basis of decision making in absolute numbers (Q7 with n = 1158 survey responses, multiple an-
swers possible) and percent for each decision option per practice type to initiate metaphylactic treatment.

Type of Practice

Decision Making-Basis Depending on the
Severity of the

Symptoms and the
Suspected Agent/

Condition Involved

Known Disease
Which Spreads

Quickly

Diagnosis of Further
Laboratory

Testing/Microbiology/
In Vitro Sensitivity

Testing

Mixed practice 39.3% 35.3% 25.4%
(n = 161) (n = 145) (n = 104)

Practice specialized in pigs 38.7% 37.4% 23.9%
(n = 102) (n = 99) (n = 63)

Practice specialized in cattle 36.6% 40.5% 22.9%
(n = 96) (n = 106) (n = 60)

Practice specialized in poultry, incl. chicken and
turkeys

36.7% 28.2% 35.1%
(n = 70) (n = 54) (n = 67)

Other
Cuniculture

31.2% 31.3% 37.5%
(n = 5) (n = 5) (n = 6)

Practice specialized in
sheep and goats

40% 33.3% 26.7%
(n = 6) (n = 5) (n = 4)

Total
38% 35.8% 26.2%

(n = 440) (n = 414) (n = 304)

Gram-negative bacteria accounted for 75.3% of the total of 1385 bacterial pathogens
that responding veterinarians indicated (Q8, multiple answers possible, all species-specific
responses merged) to have the most devastating effect on animal health and welfare if
metaphylaxis were to be banned. Enterobacteriaceae (n= 524/1385, 37.8%), and thereof E. coli
(n = 497/524, 95%), represented the majority of responses in all species and all types as
well as various Pasteurellaceae (n = 443/1385, 32%). Among the Gram-positive bacteria,
the most common were Streptococcus suis for pigs (mainly involving piglets and fattening
pigs (n = 104/1385, 7.5%) and Clostridium perfingens for avian species, including broiler
chicken, meat turkeys, and laying hens as well as rabbits (n = 82/1385, 5.9%). Intracellular
bacteria were mainly represented by Mycoplasma spp. for avian species, and thereof mainly
Mycoplasma gallisepticum in broiler chicken (n = 24/1385, 1.7%) (Figure 2).

In respect to the most frequent model for metaphylactic treatment that applies per prac-
tice, responding veterinarians indicated that for groups of 0–15 individuals, cattle were the
most common species receiving metaphylactic treatment (n = 125/190, 65.8%). For group
sizes of >100 individuals, pigs were the most common species (n = 149/242, 61.6%), while
for group sizes >1000 individuals the species most frequently indicated (n = 133/213, 62.4%)
was poultry (Figure 3A). At the neonatal/hatching stage, the most frequent indications for
metaphylactic treatment were gastrointestinal diseases (n = 160/323, 49.5%) and septicemia
(n = 117/323, 36.2%). Respiratory diseases were increasingly indicated at the weaning
stage (n = 117/373, 31.4%) and fattening/rearing stage (n = 103/258, 39.9%) and were the
most common indication at the after transport/newly grouped stage (n = 216/309, 69.9%).
Mastitis/metritis was the most common indication during the breeding/post-partum stage
(n = 153/204, 75%) and lay/lactation stage (n = 96/169, 56.8%) (Figure 3B). Looking at the
antimicrobial classes, the majority of colistin was administered per os (n = 216/241, 89.6%),
thereof 74.1% being administered through drinking water (n = 160/216). In contrast, third
and fourth generation cephalosporins were almost exclusively administered parentally
(n = 126/134, 94%) (Figure 3C). Only practices specialized in poultry showed a significant
correlation of their metaphylactic use in respect to the application route: With respect
to their percentage of metaphylactic treatments, responding poultry practitioners with
a high metaphylactic use (>75% of all treatments) administered antibiotics significantly
more often (p < 0.001) antibiotics per os, and the correlation was specifically evident for
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fluoroquinolones, macrolides, aminoglycosides, penicillins without beta-lactam inhibitors,
and penicillins with beta-lactam inhibitors (each p < 0.001, resp.), compared to practitioners
with a lower percentage (<75%) of metaphylactic treatment. The same was apparent for
practitioners working with small ruminants and lagomorpha (classified as ‘other species’),
but solely for aminoglycosides (p = 0.028).
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Figure 2. Sunburst chart plotted in Excel showing gram-negative bacteria (brown), gram-positive
bacteria (green) and intracellular bacteria (blue) and the total relative abundance of bacteria classifica-
tion (first two interior circles), bacteria species (third circle), affected animal species (fourth circle) and
production stage (exterior circle) indicated by responding veterinarians (Q8 with n = 1385 responses,
multiple answers possible) as causing the infections with the most devastating effect on animal health
and welfare.
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Figure 3. Most frequent models for metaphylactic treatment as indicated by responding veterinarians
in percent (x-axis). (A): species (cattle, pigs, small ruminants and rabbits, poultry) and group size in
five categories (0–15 animals, 16–30 animals, >30 animals, >100 animals, >1000 animals.) (B): stage of
production (neonatal/ at hatching, at weaning, after transport/ newly grouped, fattening/rearing,
breeding/ postpartum, in lay/lactation) and disease (gastrointestinal diseases, septicemia, respiratory
diseases, locomotor diseases, neurological diseases, mastitis/metritis, musculoskeletal disorders).
(C): antibiotic class (colistin, aminoglycosides, penicillins without beta-lactam inhibitors, macrolides,
(flouro) quinolones, penicillins with beta-lactam inhibitors, 3G/4G cephalosporins), and route of
administration (blue shades: per os-drinking water, per os-premixed feed, per os-feed top dressing,
orange shades: parenteral-intramuscular, parenteral-subcutaneous, parenteral-intravenous).

Veterinarians from all practice types considered increased mortality (n = 421/998,
42.2%) and increased morbidity (n = 201/998, 20.1%) to be the most significant health
consequences if metaphylaxis were to be prohibited (multiple answer possible, all species-
specific responses merged). For all practice types, except for poultry, the third most
significant consequence according to responding veterinarians was decreased production
and economic loss (n = 134/998, 13.4%). For poultry practitioners, the third most significant
consequence was lower welfare (n = 34/184, 18.5%) (Table 2).
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Table 2. Most significant health and welfare consequences for the most frequent model of metaphy-
lactic treatment outlined per practice type if metaphylaxis were prohibited (Q8d with 998 responses,
multiple answer possible).

Consequences

Practice Type Mixed

Practice

Cattle

Practice

Pig

Practice

Poultry

Practice

Sheep/Goat

Practice

Cuniculture

Practice
Total

Increased mortality
42.2% 43.1% 46.0% 35.9% 57.1% 30.8% 42.2%

(n = 129) (n = 110) (n = 104) (n = 66) (n = 8) (n = 4) (n = 421)

Increased morbidity
21.9% 20.8% 22.6% 13.6% 14.3% 23.1% 20.1%

(n = 67) (n = 53) (n = 51) (n = 25) (n = 2) (n = 3) (n = 201)

Decreased production and

economic loss

14.0% 12.9% 14.2% 11.4% 14.3% 23.1% 13.4%

(n = 43) (n = 33) (n = 32) (n = 21) (n = 2) (n = 3) (n = 134)

Lower welfare
8.2% 7.5% 8.4% 18.5% 7.1% 15.4% 10.0%

(n = 25) (n = 19) (n = 19) (n = 34) (n = 1) (n = 2) (n = 100)

Increased antibiotic

treatment

5.9% 6.3% 4.9% 3.8% 0.00% 0.00% 5.2%

(n = 18) (n = 16) (n = 11) (n = 7) (n = 0) (n = 0) (n = 52)

Increased chronicity
4.3% 7.0% 1.8% 3.3% 0.00% 0.00% 4.1%

(n = 13) (n = 18) (n = 4) (n = 6) (n = 0) (n = 0) (n = 41)

Practical/Management

issues

1.0% 0.8% 1.3% 10.3% 0.00% 7.7% 2.8%

(n = 3) (n = 2) (n = 3) (n = 19) (n = 0) (n = 1) (n = 28)

None
2.3% 1.6% 0.5% 1.1% 7.1% 0.00% 1.5%

(n = 7) (n = 4) (n = 1) (n = 2) (n = 1) (n = 0) (n = 15)

Public health risk
0.3% 0.00% 0.4% 2.2% 0.00% 0.00% 0.6%

(n = 1) (n = 0) (n = 1) (n = 4) (n = 0) (n = 0) (n = 6)

Responding veterinarians indicated vaccinations (n = 548/2329, 23.5%) and improved
biosecurity including hygiene measures (n = 444/2329, 19.1%) as the two most effective
alternative measures to prevent and to avoid the need for metaphylactic treatment (multiple
answer possible, all species-specific responses merged). Regulatory changes and alternative
and complementary measures (pre-, probiotics, phytotherapy, etc.) were perceived as least
effective with 18 and 17 responses and are not shown in Figure 4.
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Figure 4. Chord diagram displaying the inter-relationship between most effective alternative
measures to prevent and avoid the need for metaphylactic treatment per practice type (Q9 with
n = 2329 responses, multiple answers possible). Arc lengths on the outer circle are proportional to
total quantities. Plotted with JavaScript in HTML based on an open library from https://d3js.org/
(accessed on 31 March 2022).

3. Discussion

There is an increased public awareness of how livestock is reared for food production,
with a special emphasis on animal welfare and antibiotic use. In the last 20 years, veterinary
professional associations have been progressively committed to decrease the need for
antibiotic use through the promotion of better husbandry, better disease monitoring and
surveillance systems and biosecurity measures. The new VMP Regulation (EU) 2019/6
came into force in January 2022 and introduced additional requirements, including the
collection of antibiotic use data per species, a list of antimicrobials reserved for human
use only, and specific conditions for metaphylactic use of antibiotics [5]. However, even
animals that are kept in the best conditions can become sick, and animals deserve treatment,
too [2]. This survey gathered 662 responses from veterinary livestock practitioners on the
conditions of their metaphylactic treatments.

https://d3js.org/
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3.1. Use of Metaphylaxis per Species and Practice Size

More than half of the poultry practitioners (n = 133/250, 53.2%) indicated very low
to low metaphylaxis use, which is in sharp contrast to current market practices: Firstly,
poultry is almost exclusively held in larger flocks and any disease diagnosed in poul-
try flocks requires treatment of the whole group irrespective of the morbidity rate and
therefore inevitably treating a proportion of animals which are not (yet) showing clinical
signs, reflecting the legal definition of metaphylaxis [6,8,10]. Secondly, VMPs for poultry
are almost exclusively available as oral formulations and exclude therefore individual
treatment [3,4]. This discrepancy is potentially due to differing interpretations of legal
metaphylactic treatment. It might be that many poultry practitioners extrapolate quickly
the severity of diseases based on the gross pathology and their experience, considering the
whole flock as diseased and requiring treatment. The European Medicines Agency (EMA)
defines five states of diseases through which a host may progress following exposure to a
pathogen and according to the host–microbe interaction based on Casadevall and Pirofski
(2000) [22]. There is only a thin line between state 2 (colonized, not infected, no disease) to
state 3 (infected, no disease) and state 4 (infected, sub-clinical disease) [3]. This thin line
between prophylactic and metaphylactic treatment is often blurred under field conditions.

Responding veterinarians working in small and very small practices were less likely
to administer metaphylactic treatment. This was potentially due to veterinarians in smaller
practices predominantly working with less integrated farms where individual treatment
is more feasible and fosters a trusted vet–farmer relationship. This was supported by
multiple studies, which showed that veterinarians are considered the primary advisors for
farmers [22–25]. Veterinarians working in smaller practices could have a better relationship
with farmers as they are more likely to have repeated visits with the same farmer, thereby
establishing a better vet–farmer relationship with stronger communication, compliance,
and collaboration [26,27]. The collaboration established due to repeated visits from the
same veterinarian was shown to increase the knowledge of farmers on the issue of AMR
and improved compliance to advise regarding decreased AMU as strategy to combat
AMR [28,29]. Farm size was discussed controversially as a risk factor, some studies showed
that larger veal calf and pig farms had a significantly higher treatment frequency with
antimicrobials [30,31]. However, other European studies did not find this association [32,33].
Mixed practices and practices specialized in cattle had a significantly lower metaphylactic
use when compared to other practice types in our survey. Few veterinarians indicated
that they apply metaphylactic treatment in cattle groups with more than 100 individuals
(n = 33/279, 11.8%). This suggests that the responding veterinarians mostly treat small
herds of calves or individual adult cattle, but work not exclusively with large veal calf
holdings, which were shown to administer the majority of antibiotics for metaphylactic or
prophylactic treatments (see further) [7]. Thus, this contributed to the lower metaphylactic
group treatments in mixed practices and practices specialized in cattle.

The country of residence was not significantly influencing the metaphylactic use,
which might be due to the geographical bias, as most responses were received from
countries with above average antibiotic sales [1]. However, the ESVAC report indicated
that sale differences between countries can be partly explained by differences in animal
demographics, occurrence of bacterial diseases, selection of antimicrobial agents, dosage
regimes, types of data source, and veterinarians’ prescribing habits [1].

3.2. Initiation Reasoning of Metaphylaxis

The survey indicates that the severity of the disease, the perception of capacity of a
disease to spread quickly, and further laboratory testing, including AST equally influenced
responding veterinarians’ choice to initiate metaphylactic treatment. This is coherent
with an earlier survey on factors influencing antibiotic prescribing habits of European
veterinarians, in which veterinarians working with food-producing animals indicated AST
to be the most influential factor in their prescribing habits [34]. Further laboratory testing
such as AST has been integrated into multiple national action plans as a mandatory step
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before the use of certain critical antibiotics [9,35] and is included in the EU guidelines for
national action plans to combat AMR [36]. Alongside national action plans, laboratory
testing should be made more routine and accessible by decreasing the time between testing
and results and by lowering the price of AST [34]. The spread of disease was a major
driver for the initiation of metaphylaxis, acknowledging that the control and prevention
of a disease epidemic should be the true purpose of antibiotic metaphylaxis. To control
these disease dynamics, multiple intrinsic and extrinsic factors have to be considered, e.g.,
the quality and quantity of immunological coverage can be diminished by stress factors
e.g., (early) weaning, castration, and disbudding [37]. Animal husbandry practices such
as high stocking density or poor ventilation favoring the spread of infectious diseases
weaken the immune system additionally [38]. Metaphylaxis represents therefore one of
the most precious tools in the veterinary toolbox and must be employed with utmost
care and consideration, under strict veterinary oversight alongside other improvements of
animal husbandry methods. Therefore, a morbidity threshold (e.g., attack rate of >x% in x
consecutive days, exponential case development, or known diseases with rapid progress
and mortality) should be part of a metaphylaxis definition. The concepts of an infectious
disease model should be incorporated and represented by the best likelihood of a given
infectious disease progressing to an epidemic past a morbidity threshold. For example,
a quantitative morbidity threshold which exceeds 10% for 2 to 3 consecutive days was
established by Edwards (2010) [39] and Smith et al. (2015) [40] as the best likelihood to apply
metaphylaxis to avoid the ‘point of no return’ with mass mortality and animal suffering.

3.3. Conditions of Metaphylactic Use per Species

Our study results showed that metaphylactic group treatment was more prominent in
pigs and poultry than in other species e.g., cattle. This relates to the production methods
of these species, which are often kept in large groups, making it challenging to separate
and treat individual animals, as neither the animal nor the caretaker is used to the stress of
repeated catching and contention. Furthermore, VMPs formulated for individual treatment
are less available for these species. As for cattle, the most indicated group size for metaphy-
laxis was groups of 0–15 individuals (n = 125/279, 44.8%). In a Belgian study on veal calves,
where 88% of antibiotics were administered as metaphylaxis or prophylaxis, the average
herd size was 679 calves for dairy, 588 for crossbreeds, and 484 for beef calves [7]. As only
14.3% (n = 40/279) of responding veterinarians indicated treating cattle metaphylactically
in herds with more than 100 individuals or more, veterinarians who participated in this sur-
vey likely treated adult bovine, which mostly are kept in smaller groups. As metaphylactic
treatment in the bovine production is more prominent in veal calves, the distribution of
responding bovine veterinarians could partially account for why veterinarians working in
practices specialized in cattle were significantly lower metaphylactic group treatment users.
This is as well reflected in the significantly lower metaphylactic use in cattle and mixed
practices, in which metaphylactic group and therapeutic individual treatment would even
out and reach an equal level (Figure 2).

3.4. Indications

Responding veterinarians indicated gastrointestinal diseases to be the most common
indication for treatment at the weaning stage and fattening/rearing stage. The question
frame did not allow for species-specific results, but for pigs, this was in accordance with
a study reporting the treatment of gastrointestinal diseases to make up 75% and 60% of
indications for prescribed antibiotics over a period of 10 years in Danish weaners and
finishers, respectively [41]. In the same study, the second most common indication for both
weaners and finishers was respiratory disease, which was also indicated in our survey.
This is similar to an EU-wide study that showed that both gastrointestinal together with
respiratory indications accounted for more than 60% of antibiotic treatments in pigs [34].
According to our survey, musculoskeletal, locomotor, and neurological diseases only made
up a minority of the indications for metaphylactic treatment at the neonatal/hatching
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phase. This is in contrast to Jensen et al. [41] who reported these indications to make up
the majority of prescribed antibiotics during the neonatal phase of piglets. However, the
discrepancy can be partially explained by the demographic of responding veterinarians,
considering only 21.3% (n = 141) of responding veterinarians worked in practices special-
ized in pigs. Respiratory diseases made up 40% of indications for metaphylactic treatment
of responding veterinarians during the rearing/fattening stage, thereby being the most
common indication, alongside gastrointestinal diseases (40%) for treatment during that
production phase. An observational study of beef cattle in Northern Italy reported similar
results, where antibiotic treatment of respiratory diseases made up the majority of AMU
(68%) [42].

The route of administration of different antibiotic classes is influenced inevitably by the
availability of VMPs authorized in the respective countries. Within the EU, the availability
of VMPs differs greatly, with 296 VMPs including vaccines available in Iceland, compared
to 2944 in France [43]. In addition, the administration methods vary between European
countries due to the VMP’s licensed differences in preferred administration methods and
differences in national action plans [44]. According to the ESVAC report (2021), fluoro-
quinolones were almost completely administered parentally through injectable products
in Sweden, while in Spain around 37% and in Poland around 90% of fluoroquinolones
were administered orally [1]. Furthermore, the species most frequently treated with the
antibiotic class also influence the formulation of the antibiotic from the pharmaceutical
industry perspective. Generally, oral formulations are most often used for group treatments
rather than individual treatments, as was reported in an Italian study on antimicrobial use
in beef-fattening operations [45] and a similar study on Swiss veal calves [46]. Antibiotics
that are primarily administered to poultry and pigs are more likely to be formulated for
oral administration, as these species are more likely to be treated as a group through feed
or water. However, lower AMU alongside individual administration are both incentivized
by national benchmarking systems such as the Danish “yellow card” system, or the Belgian
BD100 system, as well as industry-driven quality management approaches [47]. Based
on the responses of our survey, third and fourth generation cephalosporins were almost
completely administered parentally, while slightly more than half of the macrolides and
fluoroquinolones were administered parentally. In a study on antimicrobial usage in farrow-
to-finish pig herds in Belgium, Germany, France, and Sweden, similar distributions were
found for the administration route of third and fourth generation cephalosporins (88%)
and macrolides (61%) [48]. However, in their study, only 4% of fluoroquinolones were
administered parentally, a much lower portion than indicated by responding veterinar-
ians in our survey. The data in the study however focused on pigs and had a smaller
geographical coverage than this survey, which could explain the discrepancy in the ad-
ministration route of fluoroquinolones. The relation between route of administration and
group or individual treatment can also account for the significantly higher proportion of
antibiotics administered per os by high metaphylactic users in poultry compared to low
metaphylactic users.

3.5. Pathogens Most Commonly Targeted by Metaphylactic Treatment and Treatment Consequences

According to the survey, Enterobacteriaceae were expected to be the most devas-
tating pathogens/disease complex to cause illness and decrease welfare if metaphylaxis
would be banned. It was shown before that E. coli was regarded as the most common
bacterial disease in poultry, resulting in colibacillosis, which refers to a variety of lesions
including airsacculitis, septicemia, salpingitis, peritonitis, and omphalitis [49]. In pigs,
E. coli infections were frequently controlled through metaphylactic antibiotic treatment,
but banning metaphylactic treatment was expected to result in economic loss alongside
substantial health issues [50]. As seen in our survey, neonatal colibacillosis in pigs was
already identified as one of the major therapeutic gaps in France [50]. Vaccination of
piglets against E. coli strains was shown as an effective alternative to control post-weaning
diarrhea at farm level [51,52]. Though both an oral live vaccine and an intramuscular
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toxoid vaccine are available, their spectrum is limited to certain E. coli strains (E. coli F4/F18
and STx2e producing E. coli, resp.). However, a significant association between increased
vaccination of piglets against E. coli and reduction of colistin use was seen in Estonia [52].
Novel technologies such as subunit vaccines could be used as a single vaccine across the
farrowing, suckling, and weaning program to protect against pathogenic E. coli [53]. The
impact of these pathogens is accelerated by the availability shortages of other appropriated
alternatives such as non-antimicrobial feed additives [54].

Responding veterinarians indicated increased mortality, increased morbidity, and
economic loss to be the three most significant health consequences if metaphylaxis were
banned. This confirmed earlier findings, as metaphylaxis was shown to be an effective
tool used to maintain herd health and decrease morbidity and mortality in beef cattle [37].
Banning metaphylaxis without implementing changes in husbandry systems or other alter-
native measures would result in increased mortality, morbidity and, therefore, economic
loss [55]. Practical and management issues were mostly indicated by poultry practitioners.
With metaphylaxis as the only feasible manner to treat commercially held poultry, banning
metaphylaxis in the current poultry husbandry systems would be very challenging. While
the treatment frequency of poultry in certain countries can and shall decrease, this should
preferably be done by creating well-defined treatment guidelines on a national level for
practitioners which allow in a targeted way for increased clarity on morbidity thresholds
per disease and on the AMR profile of identified pathogens, which should be determined
before poultry flocks receive treatment.

The most indicated alternatives to antibiotics as seen in the survey were vaccination,
biosecurity including hygiene measures, and improved herd health management. These
are all strategies that have shown to be effective in decreasing pathogen exposure, thereby
reducing disease incidence and the need for antibiotic treatment. However, none of the
alternative measures can completely replace antibiotic group treatment in an epidemic
disease development. With the EU regulation 2019/6 laying the legal groundwork for auto-
genous vaccines, these could be implemented more often as a vital tool to combat bacterial
infections and reduce AMU [5]. While promising developments have been made, especially
in the case of vaccines, alternatives must be combined in a holistic hurdle approach [56]. A
hurdle system features a range of synergistic measures, including vaccinations and biose-
curity, with each hurdle playing an essential role to decrease firstly, the risk of exposure to
pathogens, and secondly, the spread of pathogens. It was initially implemented on food
preservation [57]. Measures such as vaccination protocols and internal and external biosecu-
rity, including hygiene measures, are included in the BioCheck.UGent system, which scores
the biosecurity of livestock and poultry farms to assess the risk of pathogen introduction
and spread [58]. Using the BioCheck.UGent tool to score and assess the biosecurity practices
of 58 Irish farrow to finish pig farms, biosecurity practices accounted for 8% and 23% of
piglet and finisher mortality, respectively [59]. Furthermore, when the BioCheck.UGent tool
was used to score 30 Dutch and Belgian broiler farms and subsequently educate farmers on
improving their biosecurity and on antimicrobial stewardship, a 6% increase in biosecu-
rity and 7% reduction of AMU, without negative effects on production parameters, was
reported [60]. On the European level, the effective implementation of different alternative
measures in pig production, such as improvement of biosecurity, vaccination, improved
feeding, and health care, has resulted in a significant reduction in AMU [61]. Adequate
hygiene measures must be employed to alleviate underlying reasons of reoccurrence of
avian pathogenic E. coli on poultry farms such as biofilm formation [62,63]. However, the
implementation of alternatives in a hurdle system must be feasible for farmers, as they
often require financial investments. Interviewed livestock veterinarians in the Netherlands
indicated economic considerations as a major factor in the decision on whether or not to opt
for alternative measures [64]. Other factors such as climate and accessibility also influence
the efficacy of alternative measures, as well as the possibility and motivation of farmers
to implement them. Digitalization, including precision livestock farming (PLF) tools to
monitor herd health, offer great potential, but currently have drawbacks in their availability
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and scalability [57,65]. While being a promising step for the livestock industry, scalable
commercialization is necessary to offer a consistent and economically viable service to
farmers for PLF to be implemented at farm level [66].

3.6. Limitations of the Study

The linguistic accessibility and geographical coverage of the survey resulted in a
sufficient sample size, supported by multi-language questionnaires. However, even well-
translated surveys can be biased by cultural issues. Our main considerations were cross-
cultural equivalence of scales, and whether respondents could be biased toward answering
questions in ways that are socially acceptable. The snowball sampling strategy made it
challenging to determine the overall response rate, sampling error, or generalize inferences
solely based on a purely voluntary call for participation of the obtained questionnaire
responses. Furthermore, most of the responses were received from four countries with
above-average antibiotic sales [1] and six countries were without any responses, which
affected the representativeness and limits the extrapolation to a full European view. As
the use of antibiotics and the prevalence of metaphylactic and group treatments differ
between EU member states, the geographical distribution of responses could influence the
results of the survey, leading to a bias. In addition, FVE informed respondents of the survey
about its concerns of a wide ban of metaphylaxis, which may result in high morbidity,
mortality, and devastating production losses. This has the potential to led to contextual bias
as the survey relied on voluntary responses from practitioners. A certain element of bias of
the study was that responding veterinarians could be those more conscious of judicious
antibiotic use and consequently, administrating or prescribing antibiotics more prudently.
The request for a follow-up on the results of the survey from 368 of the 662 responding
veterinarians represents a large interest from practitioners surrounding the subject of
metaphylactic antibiotic treatments. Despite these limitations, the results of the survey
give valuable insight into the way in which livestock veterinarians apply metaphylactic
treatment in Europe.

4. Materials and Methods
4.1. Metaphylaxis Survey

The survey was developed by FVE together with four European veterinary field ex-
perts on poultry, porcine, and bovine health to ensure content validity of the survey. The
STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) guideline
for cross-sectional studies [67] and the Checklist for Reporting Results of Internet E-Surveys
(CHERRIES) [68] were used for reporting (Supplementary Materials Tables S3 and S4).
Psychometric testing of the survey was not performed. Prior to distribution, formal testing
of the questionnaire was carried out by 18 representative veterinarians from all sectors
and various European countries to identify potential interpretation difficulties, and any
unclear questions were adjusted. Targeted e-mails with an open link to the questionnaire
on Google Forms were sent to the 51 national veterinary associations as members of FVE,
requesting to forward the survey to their respective individual members. The survey form
was available in nine languages and included nine questions. Participants were given ap-
propriate project information, including content, sponsorship, and purpose. Participation
and each question were voluntary and not remunerated. The online survey was accessible
between 23 December 2021 and 15 February 2022 with one reminder on 30 January 2021.
Questions covered demographics, the absolute and percentual use, decision-making pro-
cess, and most common patterns (group size, production stage, disease, antibiotics class
and administration route) of metaphylactic group treatment per species. Responses to Q5
are not shown in this manuscript. Responses to open questions (Q8 and 8d) were stan-
dardized and categorized for harmonization purposes. Multiple answers were accepted to
account for veterinarians working with various species, resulting in varying group totals.
With respect to the most common patterns, veterinarians were asked to specifically refer
to the last 3 months in their practice to minimize social desirability/response bias (i.e.,
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describing best or generally applied practices rather than the actual practices) and recall
bias, given the assumed short period of time between treatments and survey participation.
The “(sub)species-diseases–pathogen” combinations with the most devastating effect and
their potential consequences were recorded per species. The questionnaire ended with a
list of most effective alternative measures to prevent and/or to treat diseases other than
metaphylactically with antibiotics that must become available to implement a consistent
change (Supplementary Table S2). All responses were editable by the participants until the
survey was closed.

4.2. Data Handling and Statistical Analysis

Data were collected anonymously, unless participants wished to provide an email
address of their own accord and with informed consent. Any potential contact details or
names mentioned by participants during the research were anonymized after transcription.
Incomplete or duplicate responses based on time stamps were removed and the first entry
was kept for analysis. After cleaning, data on terrestrial livestock and avian species were
tabulated, processed in Microsoft® Excel, and organized by metaphylactic use (group 1:
≤74%, group 2: ≥75%) and type of practice (mixed, specialized in pigs, specialized in
poultry, specialized in cattle, and other (rabbits and small ruminants)). Chi-square (χ2)
tests and a logistic regression model were used to evaluate differences between the impact
of the independent variables on the use of metaphylaxis. Calculations were performed in
RStudio (package stats) and GraphPad software (San Diego, CA, USA). A p-value of ≤0.05
was considered significant.

5. Conclusions

The new EU veterinary medicines Regulation (EC) 2019/6 stipulates that antimi-
crobials as metaphylaxis should only be used where the risk of spreading a contagious
bacterial disease is high and no other appropriate alternatives are available. Veterinary
professional associations strongly advocate the principles of antimicrobial stewardship
and responsible use, yet the survey results indicated that a ban of metaphylactic group
treatment will likely result in high morbidity and mortality, mostly due to infections with
Gram-negative bacteria such as Enterobacteriaceae. Therefore, specific indications require
inevitably whole-group treatment of livestock and poultry in an epidemic disease devel-
opment to effectively maintain animal health and welfare. The spread of disease was a
major driver for the initiation of metaphylaxis, acknowledging that the control of a dis-
ease epidemic should be the true purpose of antibiotic metaphylaxis. Further injudicious
restriction in the availability of veterinary antibiotics intended for flock, group, or herd
medication may result in a practical ban of effective treatment by metaphylaxis in animal
husbandry. More research is needed to implement appropriate alternatives in a holistic
hurdle approach such as improved farming conditions, biosecurity measures in between
production cycles, and vaccination as decreased need to use antibiotics will not be achieved
by a single alternative measure. Other alternatives such as pro- and prebiotic feed additives
would also be beneficial to be included in the hurdle system. In addition, active support will
be necessary for the development and application of targeted national decision treatment
guidelines for practitioners taking into account husbandry systems, rearing conditions,
and specialization, which promote the understanding of drivers and include criteria for
initiation of metaphylaxis in livestock.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/antibiotics11081046/s1, Table S1: Demographic distribution of
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statement; Table S4: Checklist for Reporting Results of Internet E-Surveys (CHERRIES).

Author Contributions: Conceptualization and methodology, N.D.B., W.J., J.B., J.v.H., A.P. and S.L.;
formal analysis, J.J. and W.J.; investigation resources, and data curation, N.D.B., J.J. and W.J.; writing—
original draft preparation, J.J. and W.J.; writing—review and editing, N.D.B., W.J., J.B., J.v.H., A.P.,

https://www.mdpi.com/article/10.3390/antibiotics11081046/s1
https://www.mdpi.com/article/10.3390/antibiotics11081046/s1


Antibiotics 2022, 11, 1046 16 of 19

S.L., I.C. and J.D.; visualization, J.J. and W.J.; supervision, and project administration, N.D.B. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The Ethics Committees of the Cliniques Universitaires
Saint-Luc (Brussels, Belgium) and the CHU UCL Namur (Yvoir, Belgium) confirmed that this non-
interventional study was legally exempted from ethical review as laid down in Art. 10 of the Belgian
law relating to experiments on the human person from 7 May 2004.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. See Table S2.

Data Availability Statement: The datasets analyzed for this study are available on request from
the corresponding author, N.D.B. The raw data are not publicly available due to their containing
information that could compromise the privacy of research participants.

Acknowledgments: The authors would like to thank Gaël Bertrand for excellent technical support in
data visualization and acknowledge the support given by the responding veterinarians.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. EMA. Sales of Veterinary Antimicrobial Agents in 31 European Countries in 2019 and 2020; European Medicines Agency.

2021. Available online: https://www.ema.europa.eu/en/documents/report/sales-veterinary-antimicrobial-agents-31-european-
countries-2019-2020-trends-2010-2020-eleventh_en.pdf (accessed on 20 April 2022).

2. EPRUMA. Best-Practice Framework for the Use of Antibiotics in Food-Producing Animals-REACHING FOR THE NEXT LEVEL;
European Platform for the Responsible Using of Medicines in Animals. Available online: https://epruma.eu/home/best-
practice-guides/ (accessed on 4 July 2022).

3. EMA. Reflection Paper on the Prophylactic Use of Antimicrobials in Animals in the Context of Article 107(3) of Regulation
(EU) 2019/6; European Medicines Agency. Available online: https://www.ema.europa.eu/en/documents/scientific-guideline/
reflection-paper-prophylactic-use-antimicrobials-animals-context-article-1073-regulation-eu-2019/6_en.pdf (accessed on 20
April 2022).

4. EMA. Question and Answer on the CVMP Guideline on the SPC for Antimicrobial Products; European Medicines Agency, Com-
mittee for Medicinal Products for Veterinary Use (CVMP). Available online: https://www.ema.europa.eu/en/documents/other/
question-answer-cvmp-guideline-summary-product-characteristics-antimicrobial-products_en.pdf (accessed on 20 April 2022).

5. EC. Regulation (EU) 2019/6 of the European Parliament and of the Council of 11 December 2018 on Veterinary Medicinal Products
and Repealing Directive 2001/82/EC; European Commission. Available online: https://eur-lex.europa.eu/legal-content/EN/
TXT/PDF/?uri=CELEX:32019R0006&rid=1 (accessed on 20 April 2022).

6. Joosten, P.; Sarrazin, S.; Van Gompel, L.; Luiken, R.E.C.; Mevius, D.J.; Wagenaar, J.A.; Heederik, D.J.J.; Dewulf, J. EFFORT
consortium Quantitative and Qualitative Analysis of Antimicrobial Usage at Farm and Flock Level on 181 Broiler Farms in Nine
European Countries. J. Antimicrob. Chemother. 2019, 74, 798–806. [CrossRef] [PubMed]

7. Pardon, B.; Catry, B.; Dewulf, J.; Persoons, D.; Hostens, M.; De Bleecker, K.; Deprez, P. Prospective Study on Quantitative and
Qualitative Antimicrobial and Anti-Inflammatory Drug Use in White Veal Calves. J. Antimicrob. Chemother. 2012, 67, 1027–1038.
[CrossRef] [PubMed]

8. Kasabova, S.; Hartmann, M.; Freise, F.; Hommerich, K.; Fischer, S.; Wilms-Schulze-Kump, A.; Rohn, K.; Käsbohrer, A.; Kreienbrock,
L. Antibiotic Usage Pattern in Broiler Chicken Flocks in Germany. Front. Vet. Sci. 2021, 8, 673809. [CrossRef] [PubMed]

9. AMCRA. Advies “Maatregelen Voor Een Verantwoord Antibioticumgebruik Bij Groepsbehandeling”; Belgian Knowledge Centre on
Antibiotic Use and Resistance in Animals; AMCRA: Brussels, Belgium, 2021.

10. Chantziaras, I.; Boyen, F.; Callens, B.; Dewulf, J. Correlation between Veterinary Antimicrobial Use and Antimicrobial Resistance
in Food-Producing Animals: A Report on Seven Countries. J. Antimicrob. Chemother. 2014, 69, 827–834. [CrossRef]

11. Ferri, M.; Ranucci, E.; Romagnoli, P.; Giaccone, V. Antimicrobial Resistance: A Global Emerging Threat to Public Health Systems.
Crit. Rev. Food Sci. Nutr. 2017, 57, 2857–2876. [CrossRef]

12. Checkley, S.L.; Campbell, J.R.; Chirino-Trejo, M.; Janzen, E.D.; Waldner, C.L. Associations between Antimicrobial Use and the
Prevalence of Antimicrobial Resistance in Fecal Escherichia coli from Feedlot Cattle in Western Canada. Can. Vet. J. 2010, 51,
853–861. [PubMed]

13. Mazurek, J.; Bok, E.; Stosik, M.; Baldy-Chudzik, K. Antimicrobial Resistance in Commensal Escherichia coli from Pigs during
Metaphylactic Trimethoprim and Sulfamethoxazole Treatment and in the Post-Exposure Period. Int. J. Envrion. Res. Public Health
2015, 12, 2150–2163. [CrossRef]

14. Callaway, T.R.; Lillehoj, H.; Chuanchuen, R.; Gay, C.G. Alternatives to Antibiotics: A Symposium on the Challenges and Solutions
for Animal Health and Production. Antibiotics 2021, 10, 471. [CrossRef]

https://www.ema.europa.eu/en/documents/report/sales-veterinary-antimicrobial-agents-31-european-countries-2019-2020-trends-2010-2020-eleventh_en.pdf
https://www.ema.europa.eu/en/documents/report/sales-veterinary-antimicrobial-agents-31-european-countries-2019-2020-trends-2010-2020-eleventh_en.pdf
https://epruma.eu/home/best-practice-guides/
https://epruma.eu/home/best-practice-guides/
https://www.ema.europa.eu/en/documents/scientific-guideline/reflection-paper-prophylactic-use-antimicrobials-animals-context-article-1073-regulation-eu-2019/6_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/reflection-paper-prophylactic-use-antimicrobials-animals-context-article-1073-regulation-eu-2019/6_en.pdf
https://www.ema.europa.eu/en/documents/other/question-answer-cvmp-guideline-summary-product-characteristics-antimicrobial-products_en.pdf
https://www.ema.europa.eu/en/documents/other/question-answer-cvmp-guideline-summary-product-characteristics-antimicrobial-products_en.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019R0006&rid=1
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019R0006&rid=1
http://doi.org/10.1093/jac/dky498
http://www.ncbi.nlm.nih.gov/pubmed/30649428
http://doi.org/10.1093/jac/dkr570
http://www.ncbi.nlm.nih.gov/pubmed/22262796
http://doi.org/10.3389/fvets.2021.673809
http://www.ncbi.nlm.nih.gov/pubmed/34164455
http://doi.org/10.1093/jac/dkt443
http://doi.org/10.1080/10408398.2015.1077192
http://www.ncbi.nlm.nih.gov/pubmed/21037885
http://doi.org/10.3390/ijerph120202150
http://doi.org/10.3390/antibiotics10050471


Antibiotics 2022, 11, 1046 17 of 19

15. Patel, S.J.; Wellington, M.; Shah, R.M.; Ferreira, M.J. Antibiotic Stewardship in Food-Producing Animals: Challenges, Progress,
and Opportunities. Clin. Ther. 2020, 42, 1649–1658. [CrossRef] [PubMed]

16. Postma, M.; Backhans, A.; Collineau, L.; Loesken, S.; Sjölund, M.; Belloc, C.; Emanuelson, U.; grosse Beilage, E.; Nielsen, E.O.;
Stärk, K.D.C.; et al. Evaluation of the Relationship between the Biosecurity Status, Production Parameters, Herd Characteristics
and Antimicrobial Usage in Farrow-to-Finish Pig Production in Four EU Countries. Porc. Health Manag. 2016, 2, 9. [CrossRef]
[PubMed]

17. Postma, M.; Vanderhaeghen, W.; Sarrazin, S.; Maes, D.; Dewulf, J. Reducing Antimicrobial Usage in Pig Production without
Jeopardizing Production Parameters. Zoonoses Public Health 2017, 64, 63–74. [CrossRef] [PubMed]

18. Kim, K.H.; Lee, G.Y.; Jang, J.C.; Kim, J.E.; Kim, Y.Y. Evaluation of Anti-SE Bacteriophage as Feed Additives to Prevent Salmonella
Enteritidis (SE) in Broiler. Asian Australas. J. Anim. Sci. 2013, 26, 386–393. [CrossRef]

19. Domingo-Calap, P.; Delgado-Martínez, J. Bacteriophages: Protagonists of a Post-Antibiotic Era. Antibiotics 2018, 7, 66. [CrossRef]
[PubMed]

20. Silva, D.R.; de Cássia Orlandi Sardi, J.; de Souza Pitangui, N.; Roque, S.M.; da Silva, A.C.B.; Rosalen, P.L. Probiotics as an
Alternative Antimicrobial Therapy: Current Reality and Future Directions. J. Funct. Foods 2020, 73, 104080. [CrossRef]

21. Gaggìa, F.; Mattarelli, P.; Biavati, B. Probiotics and Prebiotics in Animal Feeding for Safe Food Production. Int. J. Food Microbiol.
2010, 141, S15–S28. [CrossRef] [PubMed]

22. Casadevall, A.; Pirofski, L. Host-Pathogen Interactions: Basic Concepts of Microbial Commensalism, Colonization, Infection, and
Disease. Infect. Immun. 2000, 68, 6511–6518. [CrossRef]

23. Friedman, D.B.; Kanwat, C.P.; Headrick, M.L.; Patterson, N.J.; Neely, J.C.; Smith, L.U. Importance of Prudent Antibiotic Use on
Dairy Farms in South Carolina: A Pilot Project on Farmers’ Knowledge, Attitudes and Practices. Zoonoses Public Health 2007, 54,
366–375. [CrossRef] [PubMed]

24. Jones, P.J.; Marier, E.A.; Tranter, R.B.; Wu, G.; Watson, E.; Teale, C.J. Factors Affecting Dairy Farmers’ Attitudes towards
Antimicrobial Medicine Usage in Cattle in England and Wales. Prev. Vet. Med. 2015, 121, 30–40. [CrossRef] [PubMed]

25. Golding, S.E.; Ogden, J.; Higgins, H.M. Shared Goals, Different Barriers: A Qualitative Study of UK Veterinarians’ and Farmers’
Beliefs about Antimicrobial Resistance and Stewardship. Front. Vet. Sci. 2019, 6, 132. [CrossRef]

26. Dernburg, A.R.; Fabre, J.; Philippe, S.; Sulpice, P.; Calavas, D. A Study of the Knowledge, Attitudes, and Behaviors of French
Dairy Farmers Toward the Farm Register. J. Dairy Sci. 2007, 90, 1767–1774. [CrossRef] [PubMed]

27. Vaarst, M.; Paarup-Laursen, B.; Houe, H.; Fossing, C.; Andersen, H.J. Farmers’ Choice of Medical Treatment of Mastitis in Danish
Dairy Herds Based on Qualitative Research Interviews. J. Dairy Sci. 2002, 85, 992–1001. [CrossRef]

28. Higham, L.E.; Deakin, A.; Tivey, E.; Porteus, V.; Ridgway, S.; Rayner, A.C. A Survey of Dairy Cow Farmers in the United Kingdom:
Knowledge, Attitudes and Practices Surrounding Antimicrobial Use and Resistance. Vet. Rec. 2018, 183, 746. [CrossRef] [PubMed]

29. Rayner, A.C.; Higham, L.E.; Gill, R.; Michalski, J.-P.; Deakin, A. A Survey of Free-Range Egg Farmers in the United Kingdom:
Knowledge, Attitudes and Practices Surrounding Antimicrobial Use and Resistance. Vet. Anim. Sci. 2019, 8, 100072. [CrossRef]

30. Hommerich, K.; Ruddat, I.; Hartmann, M.; Werner, N.; Käsbohrer, A.; Kreienbrock, L. Monitoring Antibiotic Usage in German
Dairy and Beef Cattle Farms—A Longitudinal Analysis. Front. Vet. Sci. 2019, 6, 244. [CrossRef] [PubMed]

31. Yun, J.; Muurinen, J.; Nykäsenoja, S.; Seppä-Lassila, L.; Sali, V.; Suomi, J.; Tuominen, P.; Joutsen, S.; Hämäläinen, M.;
Olkkola, S.; et al. Antimicrobial Use, Biosecurity, Herd Characteristics, and Antimicrobial Resistance in Indicator Escherichia coli
in Ten Finnish Pig Farms. Prev. Vet. Med. 2021, 193, 105408. [CrossRef]

32. Gallin-Anliker, T.; Wiedemann, S.; Bähler, C.; Kaske, M. Usage Of Antimicrobials On Seven Farms Of Beef Producers In
Switzerland. Schweiz. Arch. Fuer Tierheilkd. 2021, 163, 859–870. [CrossRef]

33. Scali, F.; Santucci, G.; Maisano, A.M.; Giudici, F.; Guadagno, F.; Tonni, M.; Amicabile, A.; Formenti, N.; Giacomini, E.; Lazzaro, M.
The Use of Antimicrobials in Italian Heavy Pig Fattening Farms. Antibiotics 2020, 9, 892. [CrossRef] [PubMed]

34. De Briyne, N.; Atkinson, J.; Borriello, S.P.; Pokludová, L. Antibiotics Used Most Commonly to Treat Animals in Europe. Vet. Rec.
2014, 175, 325. [CrossRef]

35. Direction générale de l’alimentation. Ecoantibio 2: Plan. National de Réduction Des. Risques d’antibiorésistance En Médecine
Vétérinaire (2017–2022); Ministère de l’Agriculture et de l’Alimentation. Available online: https://agriculture.gouv.fr/le-plan-
ecoantibio-2-2017-2022 (accessed on 6 June 2022).

36. EC. A European One Health Action Plan against Antimicrobial Resistance (AMR); European Commission. Available online:
https://ec.europa.eu/health/system/files/2020-01/amr_2017_action-plan_0.pdf (accessed on 15 April 2022).

37. Baptiste, K.E.; Kyvsgaard, N.C. Do Antimicrobial Mass Medications Work? A Systematic Review and Meta-Analysis of
Randomised Clinical Trials Investigating Antimicrobial Prophylaxis or Metaphylaxis against Naturally Occurring Bovine
Respiratory Disease. Pathog. Dis. 2017, 75, ftx083. [CrossRef]

38. Callan, R.J.; Garry, F.B. Biosecurity And Bovine Respiratory Disease. Vet. Clin. N. Am. Food Anim. Pract. 2002, 18, 57–77. [CrossRef]
39. Edwards, T.A. Control Methods for Bovine Respiratory Disease for Feedlot Cattle. Vet. Clin. N. Am. Food Anim. Pract. 2010, 26,

273–284. [CrossRef] [PubMed]
40. Smith, G. Antimicrobial Decision Making for Enteric Diseases of Cattle. Vet. Clin. N. Am. Food Anim. Pract. 2015, 31, 47–60.

[CrossRef] [PubMed]

http://doi.org/10.1016/j.clinthera.2020.07.004
http://www.ncbi.nlm.nih.gov/pubmed/32819723
http://doi.org/10.1186/s40813-016-0028-z
http://www.ncbi.nlm.nih.gov/pubmed/28405435
http://doi.org/10.1111/zph.12283
http://www.ncbi.nlm.nih.gov/pubmed/27362766
http://doi.org/10.5713/ajas.2012.12138
http://doi.org/10.3390/antibiotics7030066
http://www.ncbi.nlm.nih.gov/pubmed/30060506
http://doi.org/10.1016/j.jff.2020.104080
http://doi.org/10.1016/j.ijfoodmicro.2010.02.031
http://www.ncbi.nlm.nih.gov/pubmed/20382438
http://doi.org/10.1128/IAI.68.12.6511-6518.2000
http://doi.org/10.1111/j.1863-2378.2007.01077.x
http://www.ncbi.nlm.nih.gov/pubmed/18035975
http://doi.org/10.1016/j.prevetmed.2015.05.010
http://www.ncbi.nlm.nih.gov/pubmed/26123631
http://doi.org/10.3389/fvets.2019.00132
http://doi.org/10.3168/jds.2005-223
http://www.ncbi.nlm.nih.gov/pubmed/17369217
http://doi.org/10.3168/jds.S0022-0302(02)74159-3
http://doi.org/10.1136/vr.104986
http://www.ncbi.nlm.nih.gov/pubmed/30413678
http://doi.org/10.1016/j.vas.2019.100072
http://doi.org/10.3389/fvets.2019.00244
http://www.ncbi.nlm.nih.gov/pubmed/31404288
http://doi.org/10.1016/j.prevetmed.2021.105408
http://doi.org/10.17236/sat00332
http://doi.org/10.3390/antibiotics9120892
http://www.ncbi.nlm.nih.gov/pubmed/33322049
http://doi.org/10.1136/vr.102462
https://agriculture.gouv.fr/le-plan-ecoantibio-2-2017-2022
https://agriculture.gouv.fr/le-plan-ecoantibio-2-2017-2022
https://ec.europa.eu/health/system/files/2020-01/amr_2017_action-plan_0.pdf
http://doi.org/10.1093/femspd/ftx083
http://doi.org/10.1016/S0749-0720(02)00004-X
http://doi.org/10.1016/j.cvfa.2010.03.005
http://www.ncbi.nlm.nih.gov/pubmed/20619184
http://doi.org/10.1016/j.cvfa.2014.11.004
http://www.ncbi.nlm.nih.gov/pubmed/25705025


Antibiotics 2022, 11, 1046 18 of 19

41. Jensen, V.F.; de Knegt, L.V.; Andersen, V.D.; Wingstrand, A. Temporal Relationship between Decrease in Antimicrobial Prescription
for Danish Pigs and the “Yellow Card” Legal Intervention Directed at Reduction of Antimicrobial Use. Prev. Vet. Med. 2014, 117,
554–564. [CrossRef]

42. Diana, A.; Santinello, M.; Penasa, M.; Scali, F.; Magni, E.; Alborali, G.L.; Bertocchi, L.; De Marchi, M. Use of Antimicrobials in Beef
Cattle: An Observational Study in the North of Italy. Prev. Vet. Med. 2020, 181, 105032. [CrossRef]

43. EC. Commission Staff Working Document Impact Assessment Accompanying the Document Proposal for a Regulation of the
European Parliament and of the Council on Veterinary Medicinal Products; European Commission. 2014. Available online:
https://data.consilium.europa.eu/doc/document/ST-13289-2014-ADD-2/en/pdf (accessed on 20 May 2022).

44. EC COMMISSION NOTICE: Guidelines for the Prudent Use of Antimicrobials in Veterinary Medicine. Official Journal of the
European Union; European Commission. 2015. Available online: https://ec.europa.eu/health/system/files/2016-11/2015
_prudent_use_guidelines_en_0.pdf (accessed on 2 June 2022).

45. Nicola, I.; Gallina, G.; Cagnotti, G.; Gianella, P.; Valentini, F.; D’Angelo, A.; Bellino, C. A Retrospective, Observational Study on
Antimicrobial Drug Use in Beef Fattening Operations in Northwestern Italy and Evaluation of Risk Factors Associated with
Increased Antimicrobial Usage. Animals 2021, 11, 1925. [CrossRef] [PubMed]

46. Lava, M.; Schüpbach-Regula, G.; Steiner, A.; Meylan, M. Antimicrobial Drug Use and Risk Factors Associated with Treatment
Incidence and Mortality in Swiss Veal Calves Reared under Improved Welfare Conditions. Prev. Vet. Med. 2016, 126, 121–130.
[CrossRef] [PubMed]

47. Sanders, P.; Vanderhaeghen, W.; Fertner, M.; Fuchs, K.; Obritzhauser, W.; Agunos, A.; Carson, C.; Borck Høg, B.;
Dalhoff Andersen, V.; Chauvin, C.; et al. Monitoring of Farm-Level Antimicrobial Use to Guide Stewardship: Overview
of Existing Systems and Analysis of Key Components and Processes. Front. Vet. Sci. 2020, 7, 540. [CrossRef]

48. Sjölund, M.; Postma, M.; Collineau, L.; Lösken, S.; Backhans, A.; Belloc, C.; Emanuelson, U.; Beilage, E.G.; Stärk, K.; Dewulf, J.
Quantitative and Qualitative Antimicrobial Usage Patterns in Farrow-to-Finish Pig Herds in Belgium, France, Germany and
Sweden. Prev. Vet. Med. 2016, 130, 41–50. [CrossRef] [PubMed]

49. Nair, V.L.; Swayne, D.E.; Glisson, J.R.; McDougald, L.R.; Nolan, L.K.; Suarez, D.L. Diseases of Poultry; Wiley: Somerset, UK, 2013;
ISBN 978-1-118-71973-2.

50. Temtem, C.; Kruse, A.B.; Nielsen, L.R.; Pedersen, K.S.; Alban, L. Comparison of the Antimicrobial Consumption in Weaning Pigs
in Danish Sow Herds with Different Vaccine Purchase Patterns during 2013. Porc. Health Manag. 2016, 2, 23. [CrossRef]

51. RFSA. Cartography of Therapeutic Gaps in FRANCE; Réseau Français pour la Santé Animale. 2021. Available online: https:
//www.reseau-francais-sante-animale.net/le-rfsa/cartographie-des-gaps-therapeutiques/ (accessed on 11 June 2022).

52. Sammul, M.; Mõtus, K.; Kalmus, P. The Use of Colistin in Food-Producing Animals in Estonia—Vaccination as an Effective
Alternative to Consumption of Critically Important Antimicrobials in Pigs. Antibiotics 2021, 10, 499. [CrossRef] [PubMed]

53. Jabif, M.F.; Gumina, E.; Hall, J.W.; Hernandez-Velasco, X.; Layton, S. Evaluation of a Novel Mucosal Administered Subunit
Vaccine on Colostrum IgA and Serum IgG in Sows and Control of Enterotoxigenic Escherichia coli in Neonatal and Weanling
Piglets: Proof of Concept. Front. Vet. Sci. 2021, 8, 640228. [CrossRef]

54. Vanrolleghem, W.; Tanghe, S.; Verstringe, S.; Bruggeman, G.; Papadopoulos, D.; Trevisi, P.; Zentek, J.; Sarrazin, S.; Dewulf, J.
Potential Dietary Feed Additives with Antibacterial Effects and Their Impact on Performance of Weaned Piglets: A Meta-Analysis.
Vet. J. 2019, 249, 24–32. [CrossRef] [PubMed]

55. Ives, S.E.; Richeson, J.T. Use of Antimicrobial Metaphylaxis for the Control of Bovine Respiratory Disease in High-Risk Cattle. Vet.
Clin. N. Am. Food Anim. Pract. 2015, 31, 341–350. [CrossRef] [PubMed]

56. Grein, K.; Jungbäck, C.; Kubiak, V. Autogenous Vaccines: Quality of Production and Movement in a Common Market. Biologicals
2022, 76, 36–41. [CrossRef]

57. Leistner, L. Basic Aspects of Food Preservation by Hurdle Technology. Int. J. Food Microbiol. 2000, 55, 181–186. [CrossRef]
58. Gelaude, P.; Schlepers, M.; Verlinden, M.; Laanen, M.; Dewulf, J. Biocheck.UGent: A Quantitative Tool to Measure Biosecurity

at Broiler Farms and the Relationship with Technical Performances and Antimicrobial Use. Poult. Sci. 2014, 93, 2740–2751.
[CrossRef]

59. Rodrigues da Costa, M.; Gasa, J.; Calderón Díaz, J.A.; Postma, M.; Dewulf, J.; McCutcheon, G.; Manzanilla, E.G. Using the
Biocheck.UGentTM Scoring Tool in Irish Farrow-to-Finish Pig Farms: Assessing Biosecurity and Its Relation to Productive
Performance. Porc. Health Manag. 2019, 5, 4. [CrossRef]

60. Caekebeke, N.; Ringenier, M.; Jonquiere, F.; Tobias, T.; Postma, M.; van den Hoogen, A.; Houben, M.; Velkers, F.; Sleeckx, N.;
Stegeman, A.; et al. Coaching Belgian and Dutch Broiler Farmers Aimed at Antimicrobial Stewardship and Disease Prevention.
Antibiotics 2021, 10, 590. [CrossRef]

61. Raasch, S.; Collineau, L.; Postma, M.; Backhans, A.; Sjölund, M.; Belloc, C.; Emanuelson, U.; Stärk, K.; Dewulf, J. Effectiveness of
Alternative Measures to Reduce Antimicrobial Usage in Pig Production in Four European Countries. Porc. Health Manag. 2020, 6,
1–12. [CrossRef] [PubMed]

62. Grakh, K.; Mittal, D.; Prakash, A.; Jindal, N. Characterization And Antimicrobial Susceptibility Of Biofilm-Producing Avian
Pathogenic Escherichia coli From Broiler Chickens And Their Environment In India. Vet. Res. Commun. 2022, 46, 537–548.
[CrossRef]

http://doi.org/10.1016/j.prevetmed.2014.08.006
http://doi.org/10.1016/j.prevetmed.2020.105032
https://data.consilium.europa.eu/doc/document/ST-13289-2014-ADD-2/en/pdf
https://ec.europa.eu/health/system/files/2016-11/2015_prudent_use_guidelines_en_0.pdf
https://ec.europa.eu/health/system/files/2016-11/2015_prudent_use_guidelines_en_0.pdf
http://doi.org/10.3390/ani11071925
http://www.ncbi.nlm.nih.gov/pubmed/34203490
http://doi.org/10.1016/j.prevetmed.2016.02.002
http://www.ncbi.nlm.nih.gov/pubmed/26897245
http://doi.org/10.3389/fvets.2020.00540
http://doi.org/10.1016/j.prevetmed.2016.06.003
http://www.ncbi.nlm.nih.gov/pubmed/27435645
http://doi.org/10.1186/s40813-016-0042-1
https://www.reseau-francais-sante-animale.net/le-rfsa/cartographie-des-gaps-therapeutiques/
https://www.reseau-francais-sante-animale.net/le-rfsa/cartographie-des-gaps-therapeutiques/
http://doi.org/10.3390/antibiotics10050499
http://www.ncbi.nlm.nih.gov/pubmed/33924741
http://doi.org/10.3389/fvets.2021.640228
http://doi.org/10.1016/j.tvjl.2019.04.017
http://www.ncbi.nlm.nih.gov/pubmed/31239161
http://doi.org/10.1016/j.cvfa.2015.05.008
http://www.ncbi.nlm.nih.gov/pubmed/26227871
http://doi.org/10.1016/j.biologicals.2022.01.003
http://doi.org/10.1016/S0168-1605(00)00161-6
http://doi.org/10.3382/ps.2014-04002
http://doi.org/10.1186/s40813-018-0113-6
http://doi.org/10.3390/antibiotics10050590
http://doi.org/10.1186/s40813-020-0145-6
http://www.ncbi.nlm.nih.gov/pubmed/32140242
http://doi.org/10.1007/s11259-021-09881-5


Antibiotics 2022, 11, 1046 19 of 19

63. Benameur, Q.; Gervasi, T.; Giarratana, F.; Vitale, M.; Anzà, D.; La Camera, E.; Nostro, A.; Cicero, N.; Marino, A. Virulence,
Antimicrobial Resistance and Biofilm Production of Escherichia coli Isolates from Healthy Broiler Chickens in Western Algeria.
Antibiotics 2021, 10, 1157. [CrossRef] [PubMed]

64. Speksnijder, D.C.; Jaarsma, A.D.C.; van der Gugten, A.C.; Verheij, T.J.M.; Wagenaar, J.A. Determinants Associated with Veterinary
Antimicrobial Prescribing in Farm Animals in the Netherlands: A Qualitative Study. Zoonoses Public Health 2015, 62, 39–51.
[CrossRef] [PubMed]

65. Berckmans, D. General Introduction to Precision Livestock Farming. Anim. Front. 2017, 7, 6–11. [CrossRef]
66. Banhazi, T.M.; Lehr, H.; Black, J.L.; Crabtree, H.; Schofield, P.; Tscharke, M.; Berckmans, D. Precision Livestock Farming: An

International Review of Scientific and Commercial Aspects. Int. J. Agric. Biol. Eng. 2012, 5, 1–9. [CrossRef]
67. von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Gøtzsche, P.C.; Vandenbroucke, J.P. The Strengthening the Reporting of

Observational Studies in Epidemiology (STROBE) Statement: Guidelines for Reporting Observational Studies. J. Clin. Epidemiol.
2008, 61, 344–349. [CrossRef]

68. Eysenbach, G. Improving the Quality of Web Surveys: The Checklist for Reporting Results of Internet E-Surveys (CHERRIES).
J. Med. Internet Res. 2004, 6, e34. [CrossRef]

http://doi.org/10.3390/antibiotics10101157
http://www.ncbi.nlm.nih.gov/pubmed/34680738
http://doi.org/10.1111/zph.12168
http://www.ncbi.nlm.nih.gov/pubmed/25421456
http://doi.org/10.2527/af.2017.0102
http://doi.org/10.25165/ijabe.v5i3.599
http://doi.org/10.1016/j.jclinepi.2007.11.008
http://doi.org/10.2196/jmir.6.3.e34

	Introduction 
	Results 
	Discussion 
	Use of Metaphylaxis per Species and Practice Size 
	Initiation Reasoning of Metaphylaxis 
	Conditions of Metaphylactic Use per Species 
	Indications 
	Pathogens Most Commonly Targeted by Metaphylactic Treatment and Treatment Consequences 
	Limitations of the Study 

	Materials and Methods 
	Metaphylaxis Survey 
	Data Handling and Statistical Analysis 

	Conclusions 
	References

